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(57) ABSTRACT

Based on the results of detection of characteristics of drive
transistors and organic EL elements, a control circuit finds
magnitudes of threshold shifts of the drive transistors and
the organic EL elements. A power supply voltage control
unit sets a value of a low-level power supply voltage to a
value lower, by a voltage value corresponding to an average
value of the magnitudes of the threshold shifts for all pixels,
than a value at an initial point in time. Furthermore, the
power supply voltage control unit adjusts a value of a
high-level power supply voltage, depending on magnitudes
of mobilities obtained by detection of characteristics of the
drive transistors.
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DISPLAY DEVICE AND METHOD FOR
DRIVING SAME

TECHNICAL FIELD

[0001] The present invention relates to a display device
and a method for driving the same, and more specifically to
a display device provided with a pixel circuit including an
electrooptical element such as an organic EL (Electro Lumi-
nescence) 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 electrooptical element whose
luminance is controlled by an applied voltage, and an
electrooptical element whose luminance is controlled by a
flowing current. Examples of the electrooptical element
whose luminance is controlled by an applied voltage include
a liquid crystal display element. Meanwhile, examples of the
electrooptical element whose luminance is controlled by a
flowing current include an organic EL element. The organic
EL element is also called an OLED (Organic Light-Emitting
Diode). An organic EL display device that uses the organic
EL element being a spontaneous electrooptical element can
be easily reduced in thickness and power consumption and
increased in luminance as compared to the liquid crystal
display device that requires a backlight, a color filter and the
like. Hence in recent years, development of the organic EL
display device has been actively advanced.

[0003] As drive systems for the organic EL display device,
a passive matrix system (also called simple matrix system)
and an active matrix system are known. As for an organic EL
display device employing the passive matrix system, its
structure is simple, but a large size and high definition are
difficult to achieve. In contrast, as for an organic EL display
device employing the active matrix system (hereinafter
referred to as an “active matrix-type organic EL display
device™), a large size and high definition can be easily
realized as compared to the organic EL display device
employing the passive matrix system.

[0004] In the active matrix-type organic EL display
device, a plurality of pixel circuits are formed in a matrix
form. The pixel circuit of the active matrix-type organic EL
display device typically includes an input transistor for
selecting a pixel and a drive transistor for controlling supply
of a current to the organic EL element. It is to be noted that
in the following, a current that flows from the drive tran-
sistor to the organic EL element may be referred to as a
“drive current”.

[0005] FIG. 36 is a circuit diagram showing a configura-
tion of a conventional general pixel circuit 91. This pixel
circuit 91 is provided corresponding to each of intersections
of a plurality of data lines S and a plurality of scanning lines
G which are disposed in a display portion. As shown in FIG.
36, this pixel circuit 91 is provided with two transistors T1
and T2, one capacitor Cst, and one organic EL element
OLED. The transistor T1 is an input transistor, and the
transistor T2 is a drive transistor.

[0006] The transistor T1 is provided between the data line
S and a gate terminal of the transistor T2. As for the
transistor T1, a gate terminal is connected to the scanning
line G, and a source terminal is connected to the data line S.
The transistor T2 is provided in series with the organic EL
element OLED. As for the transistor T2, a drain terminal is

Jan. 26,2017

connected to a power supply line that supplies a high-level
power supply voltage ELVDD, and a source terminal is
connected to an anode terminal of the organic EL element
OLED. It should be noted that, the power supply line that
supplies the high-level power supply voltage ELVDD is
referred to as a “high-level power supply line” in the
following, and the high-level power supply line is added
with the same symbol ELVDD as that of the high-level
power supply voltage. As for the capacitor Cst, one end is
connected to the gate terminal of the transistor T2, and the
other end is connected to the source terminal of the transistor
T2. A cathode terminal of the organic EL element OLED is
connected to a power supply line that supplies a low-level
power supply voltage ELVSS. It should be noted that, the
power supply line that supplies the low-level power supply
voltage ELVSS is referred to as a “low-level power supply
line” in the following, and the low-level power supply line
is added with the same symbol ELVSS as that of the
low-level power supply voltage. Further, here, a contact
point of the gate terminal of the transistor T2, the one end of
the capacitor Cst, and the drain terminal of the transistor T1
is referred to as a “gate node VG” for the sake of conve-
nience. It is to be noted that, although one having a higher
potential between a drain and a source is generally called a
drain, in descriptions of the present specification, one is
defined as a drain and the other is defined as a source, and
hence a source potential may become higher than a drain
potential.

[0007] FIG. 37 is a timing chart for explaining an opera-
tion of the pixel circuit 91 shown in FIG. 36. Before time t1,
the scanning line G is in a non-selected state. Therefore,
before the time t1, the transistor T1 is in an off state, and a
potential of the gate node VG is held at an initialization level
(e.g., a level in accordance with writing in the last frame). At
the time t1, the scanning line G comes into a selected state
and the transistor T1 is turned on. Thereby, a data voltage
Vdata corresponding to a luminance of a pixel (sub-pixel)
formed by this pixel circuit 91 is supplied to the gate node
VG via the data line S and the transistor T1. Thereafter, in
a period till time t2, the potential of the gate node VG
changes in accordance with the data voltage Vdata. At this
time, the capacitor Cst is charged with a gate-source voltage
Vgs which is a difference between the potential of the gate
node VG and a source potential of the transistor T2. At the
time t2, the scanning line G comes into the non-selected
state. Thereby, the transistor T1 is turned off and the gate-
source voltage Vgs held by the capacitor Cst is determined.
The transistor T2 supplies a drive current to the organic EL
element OLED in accordance with the gate-source voltage
Vgs held by the capacitor Cst. As a result, the organic EL
element OLED emits light with a luminance in accordance
with the drive current.

[0008] Meanwhile, the organic EL display device typically
adopts a thin film transistor (TFT) as a drive transistor.
However, the thin film transistor is likely to have variations
in its characteristics. Specifically, variations in threshold
voltage and mobility are likely to occur. When the drive
transistors provided in the display unit have variations in
threshold voltage and mobility, variations occur in lumi-
nance, degrading display quality. In addition, the threshold
voltage and mobility also change by temperature. Further-
more, regarding the organic EL element, current efficiency
(light emission efficiency) decreases with the passage of
time. Therefore, even when a constant current is supplied to
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the organic EL element, the luminance gradually decreases
with the passage of time. As a result, burn-in occurs.
[0009] Hence, conventionally, regarding an organic EL
display device, there is proposed a technique for compen-
sating for degradation of circuit elements such as drive
transistors and organic EL elements. For example, Japanese
Patent Application Laid-Open No. 2009-294371 discloses a
technique for correcting an image voltage based on a dif-
ference between a reference voltage and the image voltage,
etc.

PRIOR ART DOCUMENT

Patent Document

[0010] [Patent Document 1] Japanese Patent Application
Laid-Open No. 2009-294371

SUMMARY OF THE INVENTION

Problems to be Solved by the Invention

[0011] According to the conventional art, however. even
when a data voltage is corrected to compensate for degra-
dation of circuit elements, the corrected data voltage may
exceed a range of voltage outputtable by a source driver
(hereinafter, referred to as “driver output range”). In such a
case, desired compensation for degradation is not performed
and accordingly desired grayscale display is not performed,
which will be described in detail below.

[0012] In an organic EL display device, as described
above, a high-level power supply voltage ELVDD and a
low-level power supply voltage ELVSS are supplied as
power supply voltages into a pixel circuit. In addition, a data
voltage is supplied into the pixel circuit from a source driver.
For example, in the case of an organic EL display device
capable of performing 256-level grayscale display, data
voltages of 256 levels are outputted from the source driver.
Note that in the present specification, a range of data voltage
required to perform desired grayscale display is referred to
as “grayscale voltage range”, and the magnitude between the
upper and lower limits of the grayscale voltage range is
referred to as “grayscale voltage width”.

[0013] FIG. 38 is a diagram showing an example of a
relationship among the high-level power supply voltage
ELVDD, low-level power supply voltage ELVSS, driver
output range, and grayscale voltage range of an organic EL
display device capable of performing 256-level grayscale
display for an initial state. Note that the lower limit of the
driver output range is represented by reference character VL,
the upper limit of the driver output range is represented by
reference character VH, the voltage corresponding to a
grayscale value of 0 is represented by V(0), and the voltage
corresponding to a grayscale value of 255 is represented by
V(255). In addition, the threshold voltage of a drive tran-
sistor in a pixel for an initial state is represented by reference
character Vth0. As shown in FIG. 38, in the initial state, the
grayscale voltage range is completely included in the driver
output range.

[0014] Now, focusing on a given pixel, it is assumed that
the threshold voltage of a drive transistor in the pixel
gradually increases as shown in FIG. 39. At point in time t0
(initial point in time), the grayscale voltage range is com-
pletely included in the driver output range (the range from
VL to VH). At point in time t01, when the threshold voltage
of the drive transistor increases by AVth (t01) from the
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initial point in time, data voltages corresponding to the
respective grayscale values also increase by AVth(t01) from
the initial point in time. Therefore, the grayscale voltage
range wholly increases by AVth(t01) from the initial point in
time. Note that at this point in time t01, too, the grayscale
range is completely included in the driver output range. At
point in time t02, when the threshold voltage of the drive
transistor increases by AVth(t02) from the initial point in
time, the data voltages corresponding to the respective
grayscale values also increase by AVth(t02) from the initial
point in time. Therefore, the grayscale voltage range wholly
increases by AVth(t02) from, the initial point in time. At this
point in time t02, a high-grayscale portion of the grayscale
voltage range exceeds the driver output range. In the present
specification, the fact that a corrected data voltage for
compensating for degradation of circuit elements thus goes
out of the driver output range is referred to as “grayscale
failure”. At point in time t02 in FIG. 39, since a grayscale
failure occurs at the high-grayscale portion, high grayscale
is not displayed properly. As described above, according to
the conventional art, a grayscale failure may occur due to the
limitation of the driver output range and accordingly desired
grayscale display may not be performed.

[0015] An object of the present invention is therefore to
implement a display device capable of compensating for
degradation of circuit elements without causing a grayscale
failure.

Means for Solving the Problems

[0016] A first aspect of the present invention is directed to
a display device including a plurality of pixel circuits, each
including an electrooptical element whose luminance is
controlled by a current, and a drive transistor configured to
control a current to be supplied to the electrooptical element,
the display device including:

[0017] a plurality of data lines configured to supply data
voltages for grayscale display to the plurality of pixel
circuits;

[0018] adata line drive circuit configured to apply the data
voltages to the plurality of data lines;

[0019] an amount-of-threshold-voltage-change obtaining
unit configured to find an amount of change in threshold
voltage of a target circuit element, at least either one of the
drive transistor and the electrooptical element serving as the
target circuit element; and

[0020] a power supply voltage control unit configured to
control a value of at least a low-level power supply voltage
out of the low-level power supply voltage and a high-level
power supply voltage that are supplied to the plurality of
pixel circuits, wherein

[0021] in each of the plurality of pixel circuits,

[0022] a data voltage supplied by a corresponding data
line is provided to a control terminal of the drive
transistor,

[0023] the high-level power supply voltage is provided
to a first conduction terminal of the drive transistor,

[0024] a second conduction terminal of the drive tran-
sistor is connected to an anode of the electrooptical
element, and

[0025] the low-level power supply voltage is provided
to a cathode of the electrooptical element, and

[0026] the power supply voltage control unit controls the
value of the low-level power supply voltage, depending on
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the amount of change found by the amount-of-threshold-
voltage-change obtaining unit.

[0027] According to a second aspect of the present inven-
tion,
[0028] in the first aspect of the present invention, the

display device further includes a characteristic detecting unit
configured to detect a characteristic of the target circuit
element and find a threshold voltage of the target circuit
element based on results of the detection, wherein

[0029] the amount-of-threshold-voltage-change obtaining
unit finds an amount of change in threshold voltage of the
target circuit element, based on a threshold voltage found by
the characteristic detecting unit.

[0030] According to a third aspect of the present inven-
tion, in the second aspect of the present invention,

[0031] the amount-of-threshold-voltage-change obtaining
unit finds an amount of change in threshold voltage of the
target circuit element, based on a difference between a
threshold voltage of the target circuit element at a predeter-
mined reference time and a threshold voltage of the target
circuit element at a point in time when characteristic detec-
tion by the characteristic detecting unit is performed.
[0032] According to a fourth aspect of the present inven-
tion, in the second aspect of the present invention,

[0033] the display device further includes a dummy circuit
element, drive operation of which is not performed, the
dummy circuit element being of a same type as the target
circuit element, wherein

[0034] the amount-of-threshold-voltage-change obtaining
unit finds an amount of change in threshold voltage of the
target circuit element, based on a difference between a
threshold voltage of the target circuit element found based
on the results of the characteristic detection by the charac-
teristic detecting unit and a threshold voltage of the dummy
circuit element.

[0035] According to a fifth aspect of the present invention,
in the first aspect of the present invention,

[0036] the display device further includes a temperature
detecting unit configured to detect a temperature, wherein
[0037] the amount-of-threshold-voltage-change obtaining
unit finds an amount of change in threshold voltage of the
target circuit element, based on a temperature detected by
the temperature detecting unit.

[0038] According to a sixth aspect of the present inven-
tion, in the first aspect of the present invention,

[0039] when values of the amount of change found by the
amount-of-threshold-voltage-change obtaining unit are
defined as calculated values of change, and one of an
average value of the calculated values of change for the
plurality of pixel circuits, an average value of a maximum
value and a minimum value of the calculated values of
change for the plurality of pixel circuits, and a median of the
calculated values of change for the plurality of pixel circuits
is defined as a representative value, the power supply
voltage control unit sets the value of the low-level power
supply voltage to a value lower, by a voltage value corre-
sponding to the representative value, than a value at a
reference time.

[0040] According to a seventh aspect of the present inven-
tion, in the sixth aspect of the present invention,

[0041] the amount-of-threshold-voltage-change obtaining
unit finds amounts of change in threshold voltages of both
the drive transistor and the electrooptical element as target
circuit elements, and
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[0042] the power supply voltage control unit sets the value
of the low-level power supply voltage to a value lower, by
a voltage value corresponding to a sum of the representative
value for the drive transistors and the representative value
for the electrooptical elements, than the value at the refer-
ence time.

[0043] According to an eighth aspect of the present inven-
tion, in the first aspect of the present invention,

[0044] when values of the amount of change found by the
amount-of-threshold-voltage-change obtaining unit are
defined as calculated values of change, the power supply
voltage control unit sets the value of the low-level power
supply voltage to a value lower, by a voltage value corre-
sponding to a maximum value of the calculated values of
change for the plurality of pixel circuits, than a value at a
reference time.

[0045] According to a ninth aspect of the present inven-
tion, in the eighth aspect of the present invention,

[0046] the amount-of-threshold-voltage-change obtaining
unit finds amounts of change in threshold voltages of both
the drive transistor and the electrooptical element as target
circuit elements, and

[0047] the power supply voltage control unit sets the value
of the low-level power supply voltage to a value lower, by
a voltage value corresponding to a sum of a maximum value
of the calculated values of change for the drive transistors
and a maximum value of the calculated values of change for
the electrooptical elements, than the value at the reference
time.

[0048] According to a tenth aspect of the present inven-
tion, in the first aspect of the present invention,

[0049] when values of the amount of change found by the
amount-of-threshold-voltage-change obtaining unit are
defined as calculated values of change, the power supply
voltage control unit sets the value of the low-level power
supply voltage to a value lower, by a voltage value corre-
sponding to a minimum value of the calculated values of
change for the plurality of pixel circuits, than a value at a
reference time.

[0050] According to an eleventh aspect of the present
invention, in the tenth aspect of the present invention,
[0051] the amount-of-threshold-voltage-change obtaining
unit finds amounts of change in threshold voltages of both
the drive transistor and the electrooptical element as target
circuit elements, and

[0052] the power supply voltage control unit sets the value
of the low-level power supply voltage to a value lower, by
a voltage value corresponding to a sum of a minimum value
of the calculated values of change for the drive transistors
and a minimum value of the calculated values of change for
the electrooptical elements, than the value at the reference
time.

[0053] According to a twelfth aspect of the present inven-
tion, in the first aspect of the present invention,

[0054] when values of the amount of change found by the
amount-of-threshold-voltage-change obtaining unit are
defined as calculated values of change, and one of an
average value of the calculated values of change for the
plurality of pixel circuits, an average value of a maximum
value and a minimum value of the calculated values of
change for the plurality of pixel circuits, and a median of the
calculated values of change for the plurality of pixel circuits
is defined as a representative value, the power supply
voltage control unit sets the value of the low-level power
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supply voltage to a value lower by a voltage value than a
value at a reference time, the voltage value being determined
based on a relationship among the representative value, the
maximum value of the calculated values of change for the
plurality of pixel circuits, a range of data voltage that can be
supplied by the data line drive circuit to the plurality of pixel
circuits, and a range of voltage required for grayscale
display.

[0055] According to a thirteenth aspect of the present
invention, in the first aspect of the present invention,
[0056] when values of the amount of change found by the
amount-of-threshold-voltage-change obtaining unit are
defined as calculated values of change, and one of an
average value of the calculated values of change for the
plurality of pixel circuits, an average value of a maximum
value and a minimum value of the calculated values of
change for the plurality of pixel circuits, and a median of the
calculated values of change for the plurality of pixel circuits
is defined as a representative value, the power supply
voltage control unit sets the value of the low-level power
supply voltage to a value lower by a voltage value than a
value at a reference time, the voltage value being determined
based on a relationship among the representative value, the
maximum value of the calculated values of change for the
plurality of pixel circuits, the minimum value of the calcu-
lated values of change for the plurality of pixel circuits, a
range of data voltage that can be supplied by the data line
drive circuit to the plurality of pixel circuits, and a range of
voltage required for grayscale display.

[0057] According to a fourteenth aspect of the present
invention, in the first aspect of the present invention,
[0058] the display device further includes a mobility
obtaining unit configured to find a mobility of the drive
transistor, wherein the power supply voltage control unit
controls a value of the high-level power supply voltage,
depending on the mobility found by the mobility obtaining
unit.

[0059] According to a fifteenth aspect of the present
invention, in the fourteenth aspect of the present invention,
[0060] the power supply voltage control unit controls a
value Vh of the high-level power supply voltage to satisfy a
following expression:

Vh>V1+Vmax+2xImax/p)*?

[0061] where V1 is a value of the low-level power supply
voltage, Vmax is a maximum value of voltages applied
between the anode and cathode of the electrooptical element,
Imax is a maximum value of currents flowing between the
anode and cathode of the electrooptical element, and f is a
gain value proportional to the mobility found by the mobility
obtaining unit.

[0062] According to a sixteenth aspect of the present
invention, in the first aspect of the present invention,
[0063] the power supply voltage control unit changes a
value of the high-level power supply voltage in a same
direction as a direction in which a value of the low-level
power supply voltage changes and by a same value as a
changed value of the low-level power supply voltage.
[0064] A seventeenth aspect of the present invention is
directed to a display device including a plurality of pixel
circuits, each including an electrooptical element whose
luminance is controlled by a current, and a drive transistor
configured to control a current to be supplied to the elec-
trooptical element, the display device including:
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[0065] a plurality of data lines configured to supply data
voltages for grayscale display to the plurality of pixel
circuits;

[0066] a data line drive circuit configured to apply the data
voltages to the plurality of data lines;

[0067] an amount-of-threshold-voltage-change obtaining
unit configured to find an amount of change in threshold
voltage of a target circuit element, at least either one of the
drive transistor and the electrooptical element serving as the
target circuit element; and

[0068] a power supply voltage control unit configured to
control at least a value of a first power supply voltage, the
first power supply voltage being one of a first-level voltage
and a second-level voltage, and the first-level voltage and
the second-level voltage being supplied to the plurality of
pixel circuits, wherein

[0069] in each of the plurality of pixel circuits,

[0070] a data voltage supplied by a corresponding data
line is provided to a control terminal of the drive
transistor,

[0071] the second-level voltage is provided to a first
conduction terminal of the drive transistor,

[0072] a second conduction terminal of the drive tran-
sistor is connected to one electrode of the electrooptical
element, and

[0073] the first-level voltage is provided to an other
electrode of the electrooptical element, and

[0074] the power supply voltage control unit controls the
value of the first power supply voltage, depending on the
amount of change found by the amount-of-threshold-volt-
age-change obtaining unit.

[0075] According to an eighteenth aspect of the present
invention, in the seventeenth aspect of the present invention,
[0076] the display device further includes a characteristic
detecting unit configured to detect a characteristic of the
target circuit element and find a threshold voltage of the
target circuit element based on results of the detection,
wherein

[0077] the amount-of-threshold-voltage-change obtaining
unit finds an amount of change in threshold voltage of the
target circuit element, based on a threshold voltage found by
the characteristic detecting unit.

[0078] According to a nineteenth aspect of the present
invention, in the eighteenth aspect of the present invention,
[0079] the amount-of-threshold-voltage-change obtaining
unit finds an amount of change in threshold voltage of the
target circuit element, based on a difference between a
threshold voltage of the target circuit element at a predeter-
mined reference time and a threshold voltage of the target
circuit element at a point in time when characteristic detec-
tion by the characteristic detecting unit is performed.
[0080] According to a twentieth aspect of the present
invention, in the eighteenth aspect of the present invention,
[0081] the display device further includes a dummy circuit
element, drive operation of which is not performed, the
dummy circuit element being of a same type as the target
circuit element, wherein

[0082] the amount-of-threshold-voltage-change obtaining
unit finds an amount of change in threshold voltage of the
target circuit element, based on a difference between a
threshold voltage of the target circuit element found based
on the results of the characteristic detection by the charac-
teristic detecting unit and a threshold voltage of the dummy
circuit element.
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[0083] According to a twenty-first aspect of the present
invention, in the seventeenth aspect of the present invention,
[0084] the display device further includes a temperature
detecting unit configured to detect a temperature, wherein
[0085] the amount-of-threshold-voltage-change obtaining
unit finds an amount of change in threshold voltage of the
target circuit element, based on a temperature detected by
the temperature detecting unit.

[0086] According to a twenty-second aspect of the present
invention, in the seventeenth aspect of the present invention,
[0087] when values of the amount of change found by the
amount-of-threshold-voltage-change obtaining unit are
defined as calculated values of change, and one of the
first-level voltage and the second-level voltage that is dif-
ferent than the first power supply voltage is defined as a
second power supply voltage, and one of an average value
of the calculated values of change for the plurality of pixel
circuits, an average value of a maximum value and a
minimum value of the calculated values of change for the
plurality of pixel circuits, and a median of the calculated
values of change for the plurality of pixel circuits is defined
as a representative value, the power supply voltage control
unit sets the value of the first power supply voltage to a value
such that a difference between the first power supply voltage
and the second power supply voltage is larger, by a voltage
value corresponding to the representative value, than a value
at a reference time.

[0088] According to a twenty-third aspect of the present
invention, in the twenty-second aspect of the present inven-
tion,

[0089] the amount-of-threshold-voltage-change obtaining
unit finds amounts of change in threshold voltages of both
the drive transistor and the electrooptical element as target
circuit elements, and

[0090] the power supply voltage control unit sets the value
of the first power supply voltage to a value such that the
difference between the first power supply voltage and the
second power supply voltage is larger, by a voltage value
corresponding to a sum of the representative value for the
drive transistors and the representative value for the elec-
trooptical elements, than the value at the reference time.
[0091] According to a twenty-fourth aspect of the present
invention, in the seventeenth aspect of the present invention,
[0092] when values of the amount of change found by the
amount-of-threshold-voltage-change obtaining unit are
defined as calculated values of change and one of the
first-level voltage and the second-level voltage that is dif-
ferent than the first power supply voltage is defined as a
second power supply voltage, the power supply voltage
control unit sets the value of the first power supply voltage
to a value such that a difference between the first power
supply voltage and the second power supply voltage is
larger, by a voltage value corresponding to a maximum
value of the calculated values of change for the plurality of
pixel circuits, than a value at a reference time.

[0093] According to a twenty-fifth aspect of the present
invention, in the twenty-fourth aspect of the present inven-
tion,

[0094] the amount-of-threshold-voltage-change obtaining
unit finds amounts of change in threshold voltages of both
the drive transistor and the electrooptical element as target
circuit elements, and

[0095] the power supply voltage control unit sets the value
of the first power supply voltage to a value such that the
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difference between the first power supply voltage and the
second power supply voltage is larger, by a voltage value
corresponding to a sum of a maximum value of the calcu-
lated values of change for the drive transistors and a maxi-
mum value of the calculated values of change for the
electrooptical elements, than the value at the reference time.
[0096] According to a twenty-sixth aspect of the present
invention, in the seventeenth aspect of the present invention,
[0097] when values of the amount of change found by the
amount-of-threshold-voltage-change obtaining unit are
defined as calculated values of change and one of the
first-level voltage and the second-level voltage that is dif-
ferent than the first power supply voltage is defined as a
second power supply voltage, the power supply voltage
control unit sets the value of the first power supply voltage
to a value such that a difference between the first power
supply voltage and the second power supply voltage is
larger, by a voltage value corresponding to a minimum value
of the calculated values of change for the plurality of pixel
circuits, than a value at a reference time.

[0098] According to a twenty-seventh aspect of the pres-
ent invention, in the twenty-sixth aspect of the present
invention,

[0099] the amount-of-threshold-voltage-change obtaining
unit finds amounts of change in threshold voltages of both
the drive transistor and the electrooptical element as target
circuit elements, and

[0100] the power supply voltage control unit sets the value
of the first power supply voltage to a value such that the
difference between the first power supply voltage and the
second power supply voltage is larger, by a voltage value
corresponding to a sum of a minimum value of the calcu-
lated values of change for the drive transistors and a mini-
mum value of the calculated values of change for the
electrooptical elements, than the value at the reference time.
[0101] According to a twenty-eighth aspect of the present
invention, in the seventeenth aspect of the present invention,
[0102] when values of the amount of change found by the
amount-of-threshold-voltage-change obtaining unit are
defined as calculated values of change, and one of the
first-level voltage and the second-level voltage that is dif-
ferent than the first power supply voltage is defined as a
second power supply voltage, and one of an average value
of the calculated values of change for the plurality of pixel
circuits, an average value of a maximum value and a
minimum value of the calculated values of change for the
plurality of pixel circuits, and a median of the calculated
values of change for the plurality of pixel circuits is defined
as a representative value, the power supply voltage control
unit sets the value of the first power supply voltage to a value
such that a difference between the first power supply voltage
and the second power supply voltage is larger by a voltage
value than a value at a reference time, the voltage value
being determined based on a relationship among the repre-
sentative value, the maximum value of the calculated values
of change for the plurality of pixel circuits, a range of data
voltage that can be supplied by the data line drive circuit to
the plurality of pixel circuits, and a range of voltage required
for grayscale display.

[0103] According to a twenty-ninth aspect of the present
invention, in the seventeenth aspect of the present invention,
[0104] when values of the amount of change found by the
amount-of-threshold-voltage-change obtaining unit are
defined as calculated values of change, and one of the
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first-level voltage and the second-level voltage that is dif-
ferent than the first power supply voltage is defined as a
second power supply voltage, and one of an average value
of the calculated values of change for the plurality of pixel
circuits, an average value of a maximum value and a
minimum value of the calculated values of change for the
plurality of pixel circuits, and a median of the calculated
values of change for the plurality of pixel circuits is defined
as a representative value, the power supply voltage control
unit sets the value of the first power supply voltage to a value
such that a difference between the first power supply voltage
and the second power supply voltage is larger by a voltage
value than a value at a reference time, the voltage value
being determined based on a relationship among the repre-
sentative value, the maximum value of the calculated values
of change for the plurality of pixel circuits, the minimum
value of the calculated values of change for the plurality of
pixel circuits, a range of data voltage that can be supplied by
the data line drive circuit to the plurality of pixel circuits,
and a range of voltage required for grayscale display.
[0105] According to a thirtieth aspect of the present inven-
tion, in the seventeenth aspect of the present invention,
[0106] the display device further includes a mobility
obtaining unit configured to find a mobility of the drive
transistor, wherein

[0107] when one of the first-level voltage and the second-
level voltage that is different than the first power supply
voltage is defined as a second power supply voltage, the
power supply voltage control unit controls a value of the
second power supply voltage, depending on the mobility
found by the mobhility obtaining unit.

[0108] According to a thirty-first aspect of the present
invention, in the thirtieth aspect of the present invention,
[0109] the power supply voltage control unit controls a
value V2 of the second power supply voltage to satisfy a
following expression A when the value V2 of the second
power supply voltage is larger than a value V1 of the first
power supply voltage, and controls the value V2 of the
second power supply voltage to satisfy a following expres-
sion B when the value V2 of the second power supply
voltage is smaller than the value V1 of the first power supply
voltage:

V2>V 1+ Vmax+(2xImax/B)*? (A)
V2<V1-Vmax-{2xJmax/B)*? (B)
[0110] where Vmax is a maximum value of voltages

applied between the one electrode and other electrode of the
electrooptical element, Imax is a maximum value of currents
flowing between the one electrode and other electrode of the
electrooptical element, and [} is a gain value proportional to
the mobility found by the mobility obtaining unit.

[0111] According to a thirty-second aspect of the present
invention, in the seventeenth aspect of the present invention,
[0112] the power supply voltage control unit changes a
value of the second power supply voltage in a same direction
as a direction in which the value of the first power supply
voltage changes and by a same value as a changed value of
the first power supply voltage.

[0113] A thirty-third aspect of the present invention is
directed to a method for driving a display device including:
a plurality of pixel circuits, each including an electrooptical
element whose luminance is controlled by a current, and a
drive transistor configured to control a current to be supplied
to the electrooptical element; a plurality of data lines con-

Jan. 26,2017

figured to supply data voltages for grayscale display to the
plurality of pixel circuits; and a data line drive circuit
configured to apply the data voltages to the plurality of data
lines, the method including:

[0114] an amount-of-threshold-voltage-change obtaining
step of finding an amount of change in threshold voltage of
a target circuit element, at least either one of the drive
transistor and the electrooptical element serving as the target
circuit element; and

[0115] a power supply voltage controlling step of control-
ling a value of at least a low-level power supply voltage out
of the low-level power supply voltage and a high-level
power supply voltage that are supplied to the plurality of
pixel circuits, wherein

[0116] in each of the plurality of pixel circuits,

[0117] a data voltage supplied by a corresponding data
line is provided to a control terminal of the drive
transistor,

[0118] the high-level power supply voltage is provided
to a first conduction terminal of the drive transistor,

[0119] a second conduction terminal of the drive tran-
sistor is connected to an anode of the electrooptical
element, and

[0120] the low-level power supply voltage is provided
to a cathode of the electrooptical element, and

[0121] in the power supply voltage controlling step, the
value of the low-level power supply voltage is controlled
depending on the amount of change found in the amount-
of-threshold-voltage-change obtaining step.

[0122] A thirty-fourth aspect of the present invention is
directed to a method for driving a display device including:
a plurality of pixel circuits, each including an electrooptical
element whose luminance is controlled by a current, and a
drive transistor configured to control a current to be supplied
to the electrooptical element; a plurality of data lines con-
figured to supply data voltages for grayscale display to the
plurality of pixel circuits; and a data line drive circuit
configured to apply the data voltages to the plurality of data
lines, the method including:

[0123] an amount-of-threshold-voltage-change obtaining
step of finding an amount of change in threshold voltage of
a target circuit element, at least either one of the drive
transistor and the electrooptical element serving as the target
circuit element; and

[0124] a power supply voltage controlling step of control-
ling at least a value of a first power supply voltage, the first
power supply voltage being one of a first-level voltage and
a second-level voltage, the first-level voltage and the sec-
ond-level voltage being supplied to the plurality of pixel
circuits, wherein

[0125] in each of the plurality of pixel circuits,

[0126] a data voltage supplied by a corresponding data
line is provided to a control terminal of the drive
transistor,

[0127] the second-level voltage is provided to a first
conduction terminal of the drive transistor,

[0128] a second conduction terminal of the drive tran-
sistor is connected to one electrode of the electrooptical
element, and

[0129] the first-level voltage is provided to an other
electrode of the electrooptical element, and

[0130] in the power supply voltage controlling step, the
value of the first power supply voltage is controlled depend-
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ing on the amount of change found in the amount-of-
threshold-voltage-change obtaining step.

Effects of the Invention

[0131] According to the first aspect of the present inven-
tion, with at least either one of the drive transistor and the
electrooptical element serving as target circuit element, an
amount of change in threshold voltage of the target circuit
element is found, and the value of the low-level power
supply voltage is adjusted depending on the amount of
change. Hence, a grayscale voltage range (a range of data
voltage required to perform desired grayscale display) can
be shifted depending on the degree of change in the char-
acteristic of the target circuit element. By this, the occur-
rence of a grayscale failure is prevented. In addition, since
the occurrence of a grayscale failure is prevented, an effect
of extending the life of the display device can also be
obtained. By the above, a display device capable of com-
pensating for changes in the characteristics of circuit ele-
ments without causing a grayscale failure is implemented.
[0132] According to the second aspect of the present
invention, while a component for detecting characteristics of
the circuit elements in the pixel circuits is utilized, the value
of the low-level power supply voltage can be adjusted.
[0133] According to the third aspect of the present inven-
tion, a display device capable of compensating for degra-
dation of circuit elements caused by the passage of time is
implemented without causing a grayscale failure.

[0134] According to the fourth aspect of the present inven-
tion, an amount of change in threshold voltage is found
based on a difference between a threshold voltage based on
the results of characteristic detection and a threshold voltage
of the dummy circuit element. Hence, it is possible to
separately consider degradation of the circuit elements in the
pixel circuits caused by an environment and caused by
lighting. Then, by adjusting the value of the low-level power
supply voltage using the found amount of change, and
correcting video signals based on the results of characteristic
detection, even when a panel’s periphery condition or envi-
ronment condition has been changed from an initial point in
time, degradation of the circuit elements can be effectively
compensated for without causing a grayscale failure.
[0135] According to the fifth aspect of the present inven-
tion, an amount of change in threshold voltage is found
based on a temperature. By this, the value of the low-level
power supply voltage can be adjusted without performing
detection of characteristics of the drive transistors.

[0136] According to the sixth aspect of the present inven-
tion, the value of the low-level power supply voltage is set
to a value lower, by a voltage value corresponding to an
“average value”, an “average value of a maximum value and
a minimum value”, or a “median” of the amounts of change
in threshold voltages for all pixels, than a value at a
reference time. Hence, changes in characteristics of the
circuit elements can be compensated for so as to minimize
the occurrence of a grayscale failure on both the high-
grayscale side and the low-grayscale side.

[0137] According to the seventh aspect of the present
invention, changes in characteristics of the drive transistors
and the electrooptical elements can be compensated for so as
to minimize the occurrence of a grayscale failure on both the
high-grayscale side and the low-grayscale side.

[0138] According to the eighth aspect of the present
invention, the value of the low-level power supply voltage
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is set to a value lower, by a voltage value corresponding to
a maximum value of the amounts of change in threshold
voltages for all pixels, than a value at a reference time.
Hence, an upper limit of a grayscale voltage range is
effectively lowered. By this, the occurrence of a grayscale
failure on the high-grayscale side is effectively prevented.
[0139] According to the ninth aspect of the present inven-
tion, while the occurrence of a grayscale failure on the
high-grayscale side is effectively prevented, changes in
characteristics of the drive transistors and the electrooptical
elements can be compensated for.

[0140] According to the tenth aspect of the present inven-
tion, the value of the low-level power supply voltage is set
to a value lower, by a voltage value corresponding to a
minimum value of the amounts of change in threshold
voltages for all pixels, than a value at a reference time.
Hence, even after an adjustment of the value of the low-level
power supply voltage, a lower limit of a grayscale voltage
range is maintained at as high a value as possible. By this,
the occurrence of a grayscale failure on the low-grayscale
side is prevented.

[0141] According to the eleventh aspect of the present
invention, while the occurrence of a grayscale failure on the
low-grayscale side is prevented, changes in characteristics
of the drive transistors and the electrooptical elements can
be compensated for.

[0142] According to the twelfth aspect of the present
invention, the value of the low-level power supply voltage
is adjusted taking into account various types of conditions.
Hence, while the occurrence of a grayscale failure is effec-
tively prevented, changes in characteristics of the circuit
elements can be compensated for.

[0143] According to the thirteenth aspect of the present
invention, as with the twelfth aspect of the present invention,
while the occurrence of a grayscale failure is effectively
prevented, changes in characteristics of the circuit elements
can be compensated for.

[0144] According to the fourteenth aspect of the present
invention, with the adjustment of the value of the low-level
power supply voltage, the value of the high-level power
supply voltage is also adjusted. By this, a reduction in power
consumption is possible.

[0145] According to the fifteenth aspect of the present
invention, the occurrence of an operation failure caused by
an adjustment of the value of the high-level power supply
voltage is prevented.

[0146] According to the sixteenth aspect of the present
invention, with the adjustment of the value of the low-level
power supply voltage, the value of the high-level power
supply voltage is also adjusted. By this, a reduction in power
consumption is possible.

[0147] According to the seventeenth aspect of the present
invention, with at least either one of the drive transistor and
the electrooptical element serving as target circuit element,
an amount of change in threshold voltage of the target circuit
element is found, and the value of a power supply voltage (at
least one of two-level power supply voltages which are
provided into the pixel circuits) is adjusted depending on the
amount of change. Hence, a grayscale voltage range (a range
of data voltage required to perform desired grayscale dis-
play) can be shifted depending on the degree of change in
the characteristic of the target circuit element. By this, the
occurrence of a grayscale failure is prevented. In addition,
since the occurrence of a grayscale failure is prevented, an
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effect of extending the life of the display device can also be
obtained. By the above, a display device capable of com-
pensating for changes in the characteristics of circuit ele-
ments without causing a grayscale failure is implemented.
[0148] According to the eighteenth aspect of the present
invention, while a component for detecting characteristics of
the circuit elements in the pixel circuits is utilized, the value
of the power supply voltage provided into the pixel circuits
can be adjusted.

[0149] According to the nineteenth aspect of the present
invention, a display device capable of compensating for
degradation of circuit elements caused by the passage of
time is implemented without causing a grayscale failure.
[0150] According to the twentieth aspect of the present
invention, an amount of change in threshold voltage is found
based on a difference between a threshold voltage based on
the results of characteristic detection and a threshold voltage
of the dummy circuit element. Hence, it is possible to
separately consider degradation of the circuit elements in the
pixel circuits caused by an environment and caused by
lighting. Then, by adjusting the value of a power supply
voltage (at least one of two-level power supply voltages
which are provided into the pixel circuits) using the found
amount of change, and correcting video signals based on the
results of characteristic detection, even when a panel’s
periphery condition or environment condition has been
changed from an initial point in time, degradation of the
circuit elements can be effectively compensated for without
causing a grayscale failure.

[0151] According to the twenty-first aspect of the present
invention, an amount of change in threshold voltage is found
based on a temperature. By this, the value of at least one of
two-level power supply voltages which are provided into the
pixel circuits can be adjusted without performing detection
of characteristics of the drive transistors.

[0152] According to the twenty-second aspect of the pres-
ent invention, the value of a first power supply voltage (one
of a first-level voltage and a second-level voltage) is set to
a value such that a difference between the first power supply
voltage and a second power supply voltage (one of the
first-level voltage and the second-level voltage that is dif-
ferent than the first power supply voltage) is larger, by a
voltage value corresponding to an “average value”, an
“average value of a maximum value and a minimum value”,
or a “median” of the amounts of change in threshold
voltages for all pixels, than a value at a reference time.
Hence, changes in characteristics of the circuit elements can
be compensated for so as to minimize the occurrence of a
grayscale failure on both the high-grayscale side and the
low-grayscale side.

[0153] According to the twenty-third aspect of the present
invention, changes in characteristics of the drive transistors
and the electrooptical elements can be compensated for so as
to minimize the occurrence of a grayscale failure on both the
high-grayscale side and the low-grayscale side.

[0154] According to the twenty-fourth aspect of the pres-
ent invention, the value of the first power supply voltage is
set to a value such that a difference between the first power
supply voltage and the second power supply voltage is
larger. by a voltage value corresponding to a maximum
value of the amounts of change in threshold voltages for all
pixels, than a value at a reference time. Hence, by the upper
limit of a grayscale voltage range lowered, the occurrence of
a grayscale failure on the high-grayscale side is effectively
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prevented, or by the lower limit of a grayscale voltage range
raised, the occurrence of a grayscale failure on the low-
grayscale side is effectively prevented.

[0155] According to the twenty-fifth aspect of the present
invention, while the occurrence of a grayscale failure on the
high-grayscale side or the low-grayscale side is effectively
prevented, changes in characteristics of the drive transistors
and the electrooptical elements can be compensated for.

[0156] According to the twenty-sixth aspect of the present
invention, the value of the first power supply voltage is set
to a value such that a difference between the first power
supply voltage and the second power supply voltage is
larger, by a voltage value corresponding to a minimum value
of the amounts of change in threshold voltages for all pixels,
than a value at a reference time. Hence, even after an
adjustment of the value of the first power supply voltage, a
lower limit of a grayscale voltage range is maintained at as
high a value as possible, or an upper limit of a grayscale
voltage range is maintained at as low a value as possible. By
this, the occurrence of a grayscale failure on the low-
grayscale side or the high-grayscale side is prevented.

[0157] According to the twenty-seventh aspect of the
present invention, while the occurrence of a grayscale failure
on the low-grayscale side or the high-grayscale side is
prevented, changes in characteristics of the drive transistors
and the electrooptical elements can be compensated for.

[0158] According to the twenty-eighth aspect of the pres-
ent invention, the value of the first power supply voltage is
adjusted taking into account various types of conditions.
Hence, while the occurrence of a grayscale failure is effec-
tively prevented, changes in characteristics of the circuit
elements can be compensated for.

[0159] According to the twenty-ninth aspect of the present
invention, as with the twenty-eighth aspect of the present
invention, while the occurrence of a grayscale failure is
effectively prevented, changes in characteristics of the cir-
cuit elements can be compensated for.

[0160] According to the thirtieth aspect of the present
invention, with the adjustment of the value of the first power
supply voltage, the value of the second power supply voltage
is also adjusted. By this, a reduction in power consumption
is possible.

[0161] According to the thirty-first aspect of the present
invention, the occurrence of an operation failure caused by
an adjustment of the value of the second power supply
voltage is prevented.

[0162] According to the thirty-second aspect of the present
invention, with the adjustment of the value of the first power
supply voltage, the value of the second power supply voltage
is also adjusted. By this, a reduction in power consumption
is possible.

[0163] According to the thirty-third aspect of the present
invention, the same effects as those of the first aspect of the
present invention can be provided in an invention of a
method for driving a display device.

[0164] According to the thirty-fourth aspect of the present
invention, the same effects as those of the seventeenth aspect
of the present invention can be provided in an invention of
a method for driving a display device.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0165] FIG. 1 is a block diagram showing an overall
configuration of an active matrix-type organic EL display
device according to one embodiment of the present inven-
tion.

[0166] FIG. 2 is a timing chart for describing the operation
of a gate driver in the embodiment.

[0167] FIG. 3 is a timing chart for describing the operation
of the gate driver in the embodiment.

[0168] FIG. 4 is a timing chart for describing the operation
of the gate driver in the embodiment.

[0169] FIG. 5 is a diagram for describing input and output
signals for an output and current-monitoring circuit in an
output unit in the embodiment.

[0170] FIG. 6is a circuit diagram showing a configuration
of a pixel circuit and an output and current-monitoring
circuit in the embodiment.

[0171] FIG. 7 is a diagram for describing the transition of
operation for each row in the embodiment.

[0172] FIG. 8 is a timing chart for describing a detail of
one horizontal scanning period for a monitored row in the
embodiment.

[0173] FIG. 9 is a diagram for describing the flow of a
current for when normal operation is performed in the
embodiment.

[0174] FIG. 10 is a timing chart for describing the opera-
tion of a pixel circuit (a pixel circuit at an ith row and a jth
column) included in a monitored row in the embodiment.
[0175] FIG. 11 is a diagram for describing the flow of a
current during a detection preparation period in the embodi-
ment.

[0176] FIG. 12 is a diagram for describing the flow of a
current during a TFT characteristic detection period in the
embodiment.

[0177] FIG. 13 is a diagram for describing the flow of a
current during an OLED characteristic detection period in
the embodiment.

[0178] FIG. 14 is a timing chart for describing a detail of
the TFT characteristic detection period in the embodiment.
[0179] FIG. 15 is a diagram for describing the flow of a
current during a light emission preparation period in the
embodiment.

[0180] FIG. 16 is a diagram for describing the flow of a
current during a light emission period in the embodiment.

[0181] FIG. 17 is a diagram for describing effects of the
embodiment.
[0182] FIG. 18 is a diagram for describing the effects of

the embodiment.

[0183] FIG. 19 is a diagram for describing a method for
adjusting a low-level power supply voltage.

[0184] FIG. 20 is a diagram for describing a method for
adjusting the low-level power supply voltage.

[0185] FIG. 21 is a diagram for describing a method for
adjusting the low-level power supply voltage.

[0186] FIG. 22 is a diagram for describing a method for
adjusting the low-level power supply voltage.

[0187] FIG. 23 is a diagram for describing a method for
adjusting the low-level power supply voltage.

[0188] FIG. 24 is a diagram for describing a method for
adjusting the low-level power supply voltage.

[0189] FIG. 25 is a diagram for describing a method for
adjusting the low-level power supply voltage.

[0190] FIG. 26 is a diagram for describing a dummy pixel
in a fifth variant of the embodiment.
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[0191] FIG. 27 is a block diagram showing an overall
configuration of an organic EL display device in a sixth
variant of the embodiment.

[0192] FIG. 28 is a schematic diagram showing a configu-
ration of a TFT temperature-threshold voltage correspon-
dence table in the sixth variant of the embodiment.

[0193] FIG. 29 is a schematic diagram showing a configu-
ration of a TFT temperature-mobility correspondence table
in the sixth variant of the embodiment.

[0194] FIG. 30 is a circuit diagram showing a configura-
tion of a pixel circuit in a seventh variant of the embodiment.
[0195] FIG. 31 is a diagram for describing the flow of a
current during a TFT characteristic detection period in the
seventh variant of the embodiment.

[0196] FIG. 32 is a diagram for describing the flow of a
current during an OLED characteristic detection period in
the seventh variant of the embodiment.

[0197] FIG. 33 is a circuit diagram showing a configura-
tion of a pixel circuit in an eighth variant of the embodiment.
[0198] FIG. 34 is a diagram for describing the flow of a
current during a TFT characteristic detection period in the
eighth variant of the embodiment.

[0199] FIG. 35 is a diagram for describing the flow of a
current during an OLED characteristic detection period in
the eighth variant of the embodiment.

[0200] FIG. 36 is a circuit diagram showing a configura-
tion of a conventional common pixel circuit.

[0201] FIG. 37 is a timing chart for describing the opera-
tion of the pixel circuit shown in FIG. 36.

[0202] FIG. 38 is a diagram showing an example of a
relationship among the high-level power supply voltage
ELVDD, low-level power supply voltage ELVSS, driver
output range, and grayscale voltage range of an organic EL
display device capable of performing 256-level grayscale
display for an initial state.

[0203] FIG. 39 is a diagram for describing a grayscale
failure.

MODE FOR CARRYING OUT THE INVENTION

[0204] One embodiment of the present invention will be
described below with reference to the accompanying draw-
ings. Note that in the following it is assumed that m and n
are integers greater than or equal to 2, 1is an integer between
1 and n, inclusive, and j is an integer between 1 and m,
inclusive. Note also that in the following the characteristics
of a drive transistor provided in a pixel circuit are referred
to as “TFT characteristics”, and the characteristics of an
organic EL element provided in the pixel circuit are referred
to as “OLED characteristics™.

[0205] <I. Overall Configuration>

[0206] FIG. 1 is a block diagram showing an overall
configuration of an active matrix-type organic EL display
device 1 according to one embodiment of the present
invention. The organic EL display device 1 includes a
display unit 10, a control circuit 20, a source driver (data line
drive circuit) 30, a gate driver (scanning line drive circuit)
40, correction data storage unit 50, an organic EL high-level
power supply 61, and an organic EL low-level power supply
62. Note that the configuration may be such that one or both
of the source driver 30 and the gate driver 40 is (are)
integrally formed with the display unit 10.

[0207] In the present embodiment, an amount-of-thresh-
old-voltage-change obtaining unit and a mobility obtaining
unit are implemented by the control circuit 20.
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[0208] In the display unit 10 there are disposed m data
lines S(1) to S(m) and n scanning lines G1(1) to G1(x) which
intersect the m data lines S(1) to S(m). In the following, a
data line extension direction is a Y-direction and a scanning
line extension direction is an X-direction. Components lying
along the Y-direction may be referred to as “column”, and
components lying along the X-direction may be referred to
as “row”. In addition, in the display unit 10, n monitoring
control lines G2(1) to G2(n) are disposed so as to have a
one-to-one correspondence with the n scanning lines G1(1)
to G1(n). The scanning lines G1(1) to G1(n) and the
monitoring control lines G2(1) to G2(») are parallel to each
other. Furthermore, in the display unit 10, nxm pixel circuits
11 are provided at intersections of the n scanning lines G1(1)
to G1(n) and the m data lines S(1) to S(m). By thus
providing the nxm pixel circuits 11, a pixel matrix of n
rowsxm columns is formed in the display unit 10. In
addition, in the display unit 10 there are disposed high-level
power supply lines that supply a high-level power supply
voltage ELVDD and low-level power supply lines that
supply a low-level power supply voltage ELVSS.

[0209] Note that in the following, when them data lines
S(1) to S(m) do not need to be distinguished from each other,
each of the data lines is simply represented by reference
character S. Likewise, when the n scanning lines G1(1) to
G1(n) do not need to be distinguished from each other, each
of the scanning line is simply represented by reference
character G1, and when the n monitoring control lines G2(1)
to G2(n) do not need to be distinguished from each other,
each of the monitoring control line is simply represented by
reference character G2.

[0210] The data lines S in the present embodiment are not
only used as signal lines that transfer luminance signals for
allowing the organic EL elements in the pixel circuits 11 to
emit light at desired luminances, but also used as signal lines
for providing control potentials for detecting TFT charac-
teristics and OLED characteristics to the pixel circuits 11,
and as signal lines serving as paths for currents that represent
TFT characteristics and OLED characteristics and that can
be measured by output and current-monitoring circuits 330
which will be described later.

[0211] The control circuit 20 controls the operation of the
source driver 30 by providing data signals DA and a source
control signal SCTL to the source driver 30, and controls the
operation of the gate driver 40 by providing a gate control
signal GCTL to the gate driver 40. The source control signal
SCTL includes, for example, a source start pulse, a source
clock, and a latch strobe signal. The gate control signal
GCTL includes, for example, a gate start pulse, a gate clock,
and an output enable signal. In addition, the control circuit
20 receives monitored data MO which is provided from the
source driver 30, and performs an update to correction data
stored in the correction data storage unit 50. Note that the
monitored data MO is data measured to find TFT charac-
teristics and OLED characteristics.

[0212] The control circuit 20 includes a power supply
voltage control unit 201. The power supply voltage control
unit 201 controls the value of the high-level power supply
voltage ELVDD which is outputted from the organic EL
high-level power supply 61, by providing a voltage control
signal CTL1 to the organic EL high-level power supply 61,
and controls the value of the low-level power supply voltage
ELVSS which is outputted from the organic EL low-level
power supply 62, by providing a voltage control signal
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CTL2 to the organic EL low-level power supply 62. Note
that a detailed description of how those values are controlled
will be made later.

[0213] The gate driver 40 is connected to the n scanning
lines G1(1) to G1(») and the n monitoring control lines
G2(1) to G2(n). The gate driver 40 is composed of a shift
register, a logic circuit, and the like. Meanwhile, in the
organic EL display device 1 according to the present
embodiment, video signals (base data for the above-de-
scribed data signals DA) which are transmitted from an
external source are corrected based on TFT characteristics
and OLED characteristics. In this regard, in the present
embodiment, in each frame, detection of TFT characteristics
and OLED characteristics for one row is performed. Spe-
cifically, when detection of TFT characteristics and OLED
characteristics for the first row is performed in a given
frame, detection of TFT characteristics and OLED charac-
teristics for the second row is performed in a subsequent
frame, and detection of TFT characteristics and OLED
characteristics for the third row is performed in a further
subsequent frame. In this manner, detection of TFT charac-
teristics and OLED characteristics for n rows is performed
over n frame periods. Note that in this specification a row
where detection of TFT characteristics and OLED charac-
teristics is performed when focusing on any frame is referred
to as “monitored row”, and rows other than the monitored
row are referred to as “non-monitored rows”.

[0214] Here, when a frame in which detection of TFT
characteristics and OLED characteristics for the first row is
performed is defined as a (k+1)th frame, the n scanning lines
G1(1) to G1(») and the n monitoring control lines G2(1) to
G2(n) are driven in a manner shown in FIG. 2 in the (k+1)th
frame, they are driven in a manner shown in FIG. 3 in a
(k+2)th frame, and they are driven in a manner shown in
FIG. 4 in a (k+n)th frame. Note that for FIGS. 2 t0o 4 a
high-level state is an active state. Note also that in FIGS. 2
to 4 one horizontal scanning period for a monitored row is
represented by reference character THm, and one horizontal
scanning period for a non-monitored row is represented by
reference character THn.

[0215] As can be grasped from FIGS. 2 to 4, the length of
one horizontal scanning period is different between the
monitored row and the non-monitored row. Specifically, the
length of one horizontal scanning period for the monitored
row is four times the length of one horizontal scanning
period for the non-monitored row. Note, however, that the
present invention is not limited thereto. For the non-moni-
tored row, as with a common display device, there is one
selection period during one frame period. For the monitored
row, unlike a common display device, there are two selection
periods during one frame period. The first selection period is
the first quarter period of one horizontal scanning period
THm, and the second selection period is the last quarter
period of the one horizontal scanning period THm. Note that
a more detailed description of one horizontal scanning
period THm for the monitored row will be made later.
[0216] As shown in FIGS. 2 to 4, in each frame, a
monitoring control line G2 corresponding to a non-moni-
tored row is maintained in a non-active state. A monitoring
control line G2 corresponding to a monitored row is main-
tained in an active state during a period other than selection
periods in one horizontal scanning period THm (a period
during which a scanning line G1 is in a non-active state). In
the present embodiment, the gate driver 40 is configured
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such that the n scanning lines G1(1) to G1(r) and the n
monitoring control lines G2(1) to G2(n) are driven in the
above-described manner. Note that to generate two pulses on
a scanning line G1 during one frame period in a monitored
row, the waveform of an output enable signal which is
transmitted to the gate driver 40 from the control circuit 20
may be controlled using publicly known techniques.
[0217] The source driver 30 is connected to the m data
lines S(1) to S(m). The source driver 30 is composed of a
drive signal generating circuit 31, a signal conversion circuit
32, and an output unit 33 including m output and current-
monitoring circuits 330. The m output and current-monitor-
ing circuits 330 in the output unit 33 are connected to their
corresponding data lines S among the m data lines S(1) to
S(m).

[0218] The drive signal generating circuit 31 includes a
shift register, a sampling circuit, and a latch circuit. In the
drive signal generating circuit 31, the shift register sequen-
tially transfers a source start pulse from an input terminal to
an output terminal in synchronization with a source clock.
According to the transfer of the source start pulse, sampling
pulses for the respective data lines S are outputted from the
shift register. The sampling circuit sequentially stores data
signals DA for one row, according to timing of the sampling
pulses. The latch circuit catches and holds the data signals
DA for one row which are stored in the sampling circuit,
according to a latch strobe signal.

[0219] Note that, in the present embodiment, a data signal
DA includes a luminance signal for allowing an organic EL
element in a pixel to emit light at a desired luminance, and
a monitoring control signal for controlling the operation of
a pixel circuit 11 when detecting TFT characteristics and
OLED characteristics.

[0220] The signal conversion circuit 32 includes a D/A
converter and an A/D converter. The data signals DA for one
row which are held in the latch circuit in the drive signal
generating circuit 31 in the above-described manner are
converted into analog voltages by the D/A converter in the
signal conversion circuit 32. The converted analog voltages
are provided to the output and current-monitoring circuits
330 in the output unit 33. In addition, monitored data MO is
provided to the signal conversion circuit 32 from the output
and current-monitoring circuits 330 in the output unit 33.
The monitored data MO is converted from analog voltages
into digital signals by the A/D converter in the signal
conversion circuit 32. Then, the monitored data MO having
been converted into the digital signals is provided to the
control circuit 20 through the drive signal generating circuit
31.

[0221] FIG. 5 is a diagram for describing input and output
signals for an output and current-monitoring circuit 330 in
the output unit 33. An analog voltage Vs serving as a data
signal DA is provided to the output and current-monitoring
circuit 330 from the signal conversion circuit 32. The analog
voltage Vs is applied to a data line S through a buffer in the
output and current-monitoring circuit 330. In addition, the
output and current-monitoring circuit 330 has a function of
measuring a current flowing through the data line S. Data
measured by the output and current-monitoring circuit 330
is provided as monitored data MO to the signal conversion
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circuit 32. Note that a detailed configuration of the output
and current-monitoring circuit 330 will be described later
(see FIG. 6).

[0222] The correction data storage unit 50 includes a TFT
offset memory 51a, an OLED offset memory 5154, a TFT
gain memory 52qa, and an OLED gain memory 525. Note
that these four memories may be physically one memory or
may be physically different memories. The correction data
storage unit 50 stores correction data which is used to correct
video signals transmitted from an external source. Specifi-
cally, the TFT offset memory 51a stores, as correction data,
offset values obtained based on the result of detection of
TFT characteristics (each of these offset values is a value
associated with a threshold voltage of a drive transistor). The
OLED offset memory 515 stores, as correction data, offset
values obtained based on the result of detection of OLED
characteristics (each of these offset values is a value asso-
ciated with a light emission threshold voltage of an organic
EL element). The TFT gain memory 52a stores, as correc-
tion data, gain values obtained based on the result of
detection of TFT characteristics (each of these gain values is
a value associated with a mobility of the drive transistor).
The OLED gain memory 524 stores, as correction data,
degradation correction factors obtained based on the result
of detection of OLED characteristics. Note that typically
offset values and gain values whose numbers are equal to the
number of pixels in the display unit 10 are stored in the TFT
offset memory 51a and the TFT gain memory 52a, respec-
tively, as correction data generated based on the results of
detection of TFT characteristics. Note also that typically
offset values and degradation correction factors whose num-
bers are equal to the number of pixels in the display unit 10
are stored in the OLED offset memory 515 and the OLED
gain memory 52b, respectively, as correction data generated
based on the results of detection of OLED characteristics.
Note, however, that each memory may store one value for
every plurality of pixels.

[0223] As described above, the control circuit 20 performs
an update to correction data based on monitored data MO.
Specifically, the control circuit 20 updates, based on moni-
tored data MO provided from the source driver 30, offset
values in the TFT offset memory 51a, offset values in the
OLED offset memory 515, gain values in the TFT gain
memory 52a, and degradation correction factors in the
OLED gain memory 52b. In addition, the control circuit 20
reads offset values in the TFT offset memory 51a, offset
values in the OLED offset memory 515, gain values in the
TFT gain memory 52a, and degradation correction factors in
the OLED gain memory 525, and corrects video signals such
that degradation of circuit elements is compensated for. Data
obtained by the correction are transmitted as data signals DA
to the source driver 30.

[0224] The organic EL high-level power supply 61 sup-
plies a high-level power supply voltage ELVDD to the
display unit 10. Note that the value of the high-level power
supply voltage ELVDD is controlled based on a voltage
control signal CTL1 outputted from the power supply volt-
age control unit 201. The organic EL low-level power supply
62 supplies a low-level power supply voltage ELVSS to the
display unit 10. Note that the value of the low-level power
supply voltage ELVSS is controlled based on a voltage
control signal CTL2 outputted from the power supply volt-
age control unit 201.
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[0225] <2. Configurations of the Pixel Circuits and the
Output and Current-Monitoring Circuits>

[0226] <2.1 Pixel Circuits>

[0227] FIG. 6 is a circuit diagram showing the configu-
rations of a pixel circuit 11 and an output and current-
monitoring circuit 330. Note that the pixel circuit 11 shown
in FIG. 6 is a pixel circuit 11 at an ith row and a jth column.
The pixel circuit 11 includes one organic EL element OLED,
three transistors T1 to T3, and one capacitor Cst. The
transistor T1 functions as an input transistor that selects a
pixel, the transistor T2 functions as a drive transistor that
controls the supply of a current to the organic EL element
OLED, and the transistor T3 functions as a monitoring
control transistor that controls whether to detect TFT char-
acteristics and OLED characteristics.

[0228] The transistor T1 is provided between a data line
S(j) and a gate terminal of the transistor T2. The transistor
T1 is connected at its gate terminal to a scanning line G1(¥)
and connected at its source terminal to the data line S(j). The
transistor T2 is provided in series with the organic EL
element OLED. The transistor T2 is connected at its gate
terminal to a drain terminal of the transistor T1, connected
at its drain terminal to the high-level power supply line
ELVDD, and connected at its source terminal to an anode
terminal (anode) of the organic EL element OLED. The
transistor T3 is connected at its gate terminal to a monitoring
control line G2(i), connected at its drain terminal to the
anode terminal of the organic EL element OLED, and
connected at its source terminal to the data line S(j). The
capacitor Cst is connected at its one end to the gate terminal
of the transistor T2 and connected at its other end to the drain
terminal of the transistor T2. A cathode terminal (cathode) of
the organic EL element OLED is connected to the low-level
power supply line ELVSS.

[0229] Note that, regarding the transistor T2, the gate
terminal corresponds to a control terminal, the drain termi-
nal corresponds to a first conduction terminal, and the source
terminal corresponds to a second conduction terminal.
[0230] Meanwhile, in the configuration shown in FIG. 36,
the capacitor Cst is provided between the gate and source of
the transistor T2. On the other hand, in the present embodi-
ment, the capacitor Cst is provided between the gate and
drain of the transistor T2. The reason for this is as follows.
Specifically, in the present embodiment, during one frame
period, control is performed to change the potential of the
data line S(j), with the transistor T3 being in an on state. If
the capacitor Cst is provided between the gate and source of
the transistor T2, then the gate potential of the transistor T2
also changes in accordance with the change in the potential
of the data line S(j). This may result in the on/off state of the
transistor T2 not going into a desired state. Hence, in the
present embodiment, in order to prevent the gate potential of
the transistor T2 from changing in accordance with the
change in the potential of the data line S(j), the capacitor Cst
is provided between the gate and drain of the transistor T2
as shown in FIG. 6. Note, however, that when the influence
exerted on the gate potential of the transistor T2 by the
change in the potential of the data line S(j) is small, the
capacitor Cst may be provided between the gate and source
of the transistor T2.

[0231] <2.2 Regarding Transistors in Pixel Circuit>
[0232] Inthe present embodiment, all of the transistors T1
to T3 in the pixel circuit 11 are of the n-channel type.
Moreover, in the present embodiment, for the transistors T1
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to T3, oxide TFTs (thin film transistors using an oxide
semiconductor for channel layers) are adopted.

[0233] A description is made below of an oxide semicon-
ductor layer included in each of the oxide TFTs. The oxide
semiconductor layer is, for example, an In—Ga—Zn—O-
based semiconductor layer. The oxide semiconductor layer
contains, for example, an In—Ga—7n—0-based semicon-
ductor. The In—Ga—7Zn—0-based semiconductor is a ter-
nary oxide of In (indium), Ga (gallium) and Zn (zinc). A
ratio (composition ratio) of In, Ga and Zn is not particularly
limited. For example, the composition ratio may be In:Ga:
7n=2:2:1, In:Ga:Zn=1:1:1, In:Ga:Zn=1:1:2, and the like.
[0234] Such a TFT including the In—Ga—Zn—0O-based
semiconductor layer has high mobility (mobility exceeding
20 times that of an amorphous silicon TFT) and a low leak
current (leak current of less than Yioo of that of the amor-
phous silicon TFT. Accordingly, this TFT is suitably used as
a drive TFT (the above-described transistor T2) in the pixel
circuit and a switching TFT (the above-described transistor
T1) therein. When the TFT including the In—Ga—Z7n—0O-
based semiconductor layer is used, electric power consump-
tion of the display device can be reduced to a great extent.
[0235] The In—Ga—7Zn—O-based semiconductor may
be amorphous, or may include a crystalline portion and have
crystallinity. As the crystalline In—Ga—Zn—0O-based
semiconductor, a crystalline In—Ga—7Zn—O-based semi-
conductor, in which a c-axis is oriented substantially per-
pendicularly to a layer surface, is preferable. A crystal
structure of the In—Ga—Zn—0-based semiconductor as
described above is disclosed, for example, in Japanese
Patent Application Laid-Open No. 2012-134475,

[0236] The oxide semiconductor layer may contain other
oxide semiconductors in place of the In—Ga—Z7n—O-
based semiconductor. For example, the oxide semiconductor
layer may contain a Zn—OQ-based semiconductor (ZnQ), an
In—7n—O0-based semiconductor (IZO (registered trade-
mark)), a Zn—Ti—O-based oxide semiconductor (ZTO), a
Cd—Ge—0-based semiconductor, a Cd—Pb—O-based
semiconductor, a CdO (cadmium oxide), a Mg—7Zn—0O-
based semiconductor, an In—Sn—O-based semiconductor
(for example, In203-Sn02-Zn0), an In—Ga—Sn—O-
based semiconductor and the like.

[0237] <2.3 Output and Current-Monitoring Circuits>
[0238] With reference to FIG. 6, a detailed configuration
of an output and current-monitoring circuit 330 in the
present embodiment will be described. The output and
current-monitoring circuit 330 includes an operational
amplifier 331, a capacitor 332, and a switch. The operational
amplifier 331 has an inverting input terminal connected to
the data line S(j), and a non-inverting input terminal to
which an analog voltage Vs serving as a data signal DA is
provided. The capacitor 332 and the switch 333 are provided
between an output terminal of the operational amplifier 331
and the data line S(j). As described above, the output and
current-monitoring circuit 330 is composed of an integrating
circuit. In such a configuration, when the switch 333 is
brought into an on state by a control clock signal Sclk, a
short-circuit state occurs between the output terminal and
the inverting input terminal of the operational amplifier 331.
By this, the potentials of the output terminal of the opera-
tional amplifier 331 and the data line S(j) become equal to
the potential of the analog voltage Vs. When a current
flowing through the data line S(j) is measured, the switch
333 is brought into an off state by the control clock signal
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Sclk. By this, due to the presence of the capacitor 332, the
potential of the output terminal of the operational amplifier
331 changes depending on the magnitude of the current
flowing through the data line S(j). An output from the
operational amplifier 331 is transmitted as monitored data
MO to the A/D converter in the signal conversion circuit 32.
Note that, in the present embodiment, a characteristic detect-
ing unit is implemented by the output and current-monitor-
ing circuit 330 and the control circuit 20.

[0239] <3. Drive Method>
[0240] <3.1 Overview>
[0241] Next, a drive method in the present embodiment

will be described. As described above, in the present
embodiment, detection of TFT characteristics and OLED
characteristics for one row is performed in each frame. In
each frame, operation for detecting TFT characteristics and
OLED characteristics (hereinafter, referred to as “character-
istic detection operation”) is performed for a monitored row,
and normal operation is performed for non-monitored rows.
Specifically, when a frame in which detection of TFT
characteristics and OLED characteristics for the first row is
performed is defined as a (k+1)th frame, operation for each
row transitions as shown in FIG. 7. In addition, when
detection of TFT characteristics and OLED characteristics is
performed, an update to corresponding correction data in the
correction data storage unit 50 is performed using the results
of the detection. Then, using the correction data stored in the
correction data storage unit 50, corresponding video signals
are corrected so as to compensate for degradation of corre-
sponding circuit elements (transistors T2 and organic EL
elements OLED). Furthermore, in the present embodiment,
using the results of the detection of the TFT characteristics
and the OLED characteristics, the value of the low-level
power supply voltage ELVSS and the value of the high-level
power supply voltage ELVDD are controlled. Note that time
intervals at which the value of the low-level power supply
voltage ELVSS and the value of the high-level power supply
voltage ELVDD are controlled are not particularly limited.
[0242] FIG. 8 is a timing chart for describing a detail of
one horizontal scanning period THm for a monitored row.
As shown in FIG. 8, one horizontal scanning period THm for
a monitored row includes a period during which preparation
for detecting TFT characteristics and OLED characteristics
is performed for the monitored row (hereinafter, referred to
as “detection preparation period”) Ta; a period during which
current measurement for detecting TFT characteristics is
performed (hereinafter, referred to as “TFT characteristic
detection period”) Tb; a period during which current mea-
surement for detecting OLED characteristics is performed
(hereinafter, referred to as “OLED characteristic detection
period”) Tc; and a period during which preparation for
allowing organic EL elements OLED to emit light is per-
formed for the monitored row (hereinafter, referred to as
“light emission preparation period”) Td.

[0243] During the detection preparation period Ta, a scan-
ning line G1 is brought into an active state, a monitoring
control line G2 is brought into a non-active state, and
potentials Vmg are provided to the data lines S. During the
TFT characteristic detection period Tb, the scanning line G1
is brought into a non-active state, the monitoring control line
G2 is brought into an active state, and potentials Vm_TFT
are provided to the data lines S. During the OLED charac-
teristic detection period Tc, the scanning line G1 is brought
into a non-active state, the monitoring control line G2 is
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brought into an active state, and potentials Vm_oled are
provided to the data lines S. During the light emission
preparation period Td, the scanning line G1 is brought into
an active state, the monitoring control line G2 is brought into
anon-active state, and data potentials D depending on target
luminances of organic EL elements OLED included in the
monitored row are provided to the data lines S. Note that a
detailed description of the potential Vmg, the potential
Vm_TFT, and the potential Vm_oled will be made later.

[0244] <3.2 Operation of the Pixel Circuits><3.2.1 Nor-
mal Operation>

[0245] In each frame, for a non-monitored row, normal
operation is performed. In a pixel circuit 11 included in the
non-monitored row, writing based on a data potential Vdata
corresponding to a target luminance is performed during a
selection period, and then the transistor T1 is maintained in
an off state. By the writing based on the data potential Vdata,
the transistor T2 goes into an on state. The transistor T3 is
maintaired in an off state. By the above, a drive current is
supplied to the organic EL. element OLED through the
transistor T2, as indicated by an arrow denoted by reference
character 71 in FIG. 9. By this, the organic EL element
OLED emits light at a luminance depending on the drive
current.

[0246]

[0247] In each frame, for a monitored row, characteristic
detection operation is performed. FIG. 10 is a timing chart
for describing the operation of a pixel circuit 11 (assumed to
be a pixel circuit 11 at an ith row and a jth column) included
in the monitored row. Note that in FIG. 10 “one frame
period” is represented with reference to the first selection
period start time point of the ith row in a frame in which the
ith row is a monitored row. Note also that here a period other
than the above-described one horizontal scanning period
THm in one frame period for the monitored row is referred
to as “light emission period”. The light emission period is
denoted by reference character TL.

[0248] During a detection preparation period Ta, a scan-
ning line G1(7) is brought into an active state, a monitoring
control line G2(7) is maintained in a non-active state. By this,
the transistor T1 goes into an on state and the transistor T3
is maintained in an off state. In addition, during this period,
a potential Vmg is provided to a data line S(j). By writing
based on the potential Vmg, the capacitor Cst is charged and
the transistor T2 goes into an on state. By the above, during
the detection preparation period Ta, a drive current is sup-
plied to the organic FL element OLED through the transistor
T2, as indicated by an arrow denoted by reference character
72 in FIG. 11. By this, the organic EL element OLED emits
light at a luminance depending on the drive current. Note,
however, that the organic EL element OLED emits light for
only a very short period of time.

[0249] During a TFT characteristic detection period Tb,
the scanning line G1(7) is brought into a non-active state and
the monitoring control line G2(j) is brought into an active
state. By this, the transistor T1 goes into an off state and the
transistor T3 goes into an on state. In addition, during this
period, a potential Vm_TFT is provided to the data line S(j).
Note that during an OLED characteristic detection period Tc
which will be described later, a potential Vm_oled is pro-
vided to the data line S(j). In addition, as described above,
during the detection preparation period Ta, writing based on
the potential Vmg is performed.

<3.2.2 Characteristic Detection Operation>
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[0250] Here, when the threshold voltage of the transistor
T2 which is found based on an offset value stored in the TFT
offset memory 51a is Vth(T2), the value of the potential
Vmg, the value of the potential Vm_TFT, and the value of
the potential Vm_oled are set such that the following expres-
sions (1) and (2) hold true:

Vin_TFT+Vh(I12)<Vmg 1)
Ving<Vm_oled+Vth(12) 2)

In addition, when the light emission threshold voltage of the
organic EL element OLED which is found based on an offset
value stored in the OLED offset memory 515 is Vth(oled),
the value of the potential Vm_TFT is set such that the
following expression (3) holds true:

Vm_TFT<ELVSS+Vih(oled) 3

Furthermore, when the breakdown voltage of the organic EL
element OLED is Vbr(oled), the value of the potential
Vm_TFT is set such that the following expression (4) holds
true:

Vin_TFT>ELVSS+Vbr(oled) @

[0251] As described above, after performing writing based
on the potential Vg that satisfies the above expressions (1)
and (2) during the detection preparation period Ta, the
potential Vm_TFT that satisfies the above expressions (1),
(3), and (4) 1s provided to the data line S(j) during the TFT
characteristic detection period Tb. By the above expression
(1), during the TFT characteristic detection period Tb, the
transistor T2 goes into an on state. In addition, by the above
expressions (3) and (4), during the TFT characteristic detec-
tion period Tb, a current does not flow through the organic
EL element OLED.

[0252] By the above, during the TFT characteristic detec-
tion period Tb, a current flowing through the transistor T2 is
outputted to the data line S(j) through the transistor T3, as
indicated by an arrow denoted by reference character 73 in
FIG. 12. By this, the current (sink current) outputted to the
data line S(j) is measured by the output and current-moni-
toring circuit 330. In the above-described manner, the mag-
nitude of the current flowing between the drain and source
of the transistor T2 is measured with the voltage between the
gate and source of the transistor T2 set to a predetermined
magnitude (Vmg-Vm_TFT), by which TFT characteristics
are detected.

[0253] During the OLED characteristic detection period
Tc, the scanning line G1(i) is maintained in the non-active
state and the monitoring control line G2(i) is maintained in
the active state. Hence, during this period, the transistor T1
is maintained in the off state and the transistor T3 is
maintained in the on state. In addition, as described above,
during this period, the potential Vm_oled is provided to the
data line S(j).

[0254] Here, the value of the potential Vm_oled is set such

that the above expression (2) and the following expression
(5) hold true:

ELVSS+Vith(oled)<Vm_oled (5)
In addition, when the breakdown voltage of the transistor T2

is Vbr(T2), the value of the potential Vm_oled is set such
that the following expression (6) holds true:

Vin_oled<Vmg+Vhr(T2) (6)
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[0255] As described above, during the OLED character-
istic detection period Tc, the potential Vm_oled that satisfies
the above expressions (2), (5), and (6) is provided to the data
line S(j). By the above expressions (2) and (6), during the
OLED characteristic detection period Tc, the transistor T2
goes into an off state. In addition, by the above expression
(5), during the OLED characteristic detection period Tc, a
current flows through the organic EL element OLED.

[0256] By the above, during the OLED characteristic
detection period Tc, a current flows through the organic EL
element OLED through the transistor T3 from the data line
S(j), as indicated by an arrow denoted by reference character
74 in F1G. 13, and the organic EL element OLED emits light.
In this state, the current flowing through the data line S(j) is
measured by the output and current-monitoring circuit 330.
In the above-described manner, the magnitude of the current
flowing through the organic EL element OLED is measured
with the voltage between the anode and cathode of the
organic EL element OLED set to a predetermined magnitude
(Vm_oled-ELVSS), by which OLED characteristics are
detected.

[0257] Note that the value of the potential Vmg, the value
of the potential Vm_TFT, and the value of the potential
Vm_oled are determined taking also into account a range of
current measurable by an output and current-monitoring
circuit 330 adopted, etc., in addition to the above expres-
sions (1) to (6).

[0258] Now, changes in the on/off state of the switch 333
in the output and current-monitoring circuit 330 will be
described. When the switch 333 is switched from an off state
to anon state, charge accumulated in the capacitor 332 is
discharged. When the switch 333 is switched from the on
state to an off state thereafter, charging of the capacitor 332
starts. Then, the output and current-monitoring circuit 330
operates as an integrating circuit. Note that the switch 333
is maintained in the off state during a period during which
a current flowing through the data line S is measured.
Specifically, first, during the TFT characteristic detection
period Tb, the switch 333 is brought into an on state to
provide a potential Vm_TFT to the data line S, and then the
switch 333 is brought into an off state to measure a current
flowing through the data line S. Then, during the OLED
characteristic detection period Te, the switch 333 is brought
into an on state to provide a potential Vm_oled to the data
line S, and then the switch 333 is brought into an off state
to measure a current flowing through the data line S.

[0259] Meanwhile, in the present embodiment, during the
TFT characteristic detection period Tb, detection of TFT
characteristics is performed based on two types of potentials
(Vm_TFT_1 and Vm_TFT_2). Specifically, by controlling,
during the TFT characteristic detection period Tb, the con-
trol clock signal Sclk for switching the on/off state of the
switch 333 and the potentials (Vm_TFT_1 and Vm_TFT_2)
which are provided to the data line S(j), as shown in F1G. 14,
TFT characteristics are detected based on the potential
Vm_TFT_1 during a period Th1, and TFT characteristics are
detected based on the potential Vm_TFT_2 during a period
Tb2. Likewise, during the OLED characteristic detection
period Tc, too, OLED characteristics are detected based on
two types of potentials.

[0260] When the threshold voltage of the transistor T2 is
Vth, the gain of the transistor T2 is 3, and the gate-source
voltage of the transistor T2 is Vgs, a current 1(T2) flowing
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between the drain and source of the transistor T2 when the
transistor T2 operates in saturation region is represented by
the following equation (7):

I2)=(p/2)x(Vgs-Viky? Y]

[0261] Here, the gain f of the transistor T2 is represented
by the following equation (8):

B=px(w/L)xCox (8)

[0262] In the above equation (8), p, W, L, and Cox
represent the mobility, gate width, gate length, and gate
insulating film capacitance per unit area of the transistor T2,
respectively.

[0263] Regarding the above equation (8), p (mobility)
changes depending on the degree of degradation of the
transistor T2. Therefore, f§ (gain) changes depending on the
degree of degradation of the transistor T2. In addition,
regarding the above equation (7), in addition to f§, Vth
(threshold voltage) also changes depending on the degree of
degradation of the transistor T2. Since current measurement
is performed based on two types of potentials during the
TFT characteristic detection period Tb in the present
embodiment as described above, by solving simultaneous
equations based on two equations that are obtained by
substituting the results of the current measurement into the
above equation (7), the threshold voltage and gain of the
transistor T2 at a point in time when detection of TFT
characteristics is performed can be found. Note that since, as
can be grasped from the above equation (8), f§ (gain) and p
(mobility) have a proportional relationship, finding the gain
corresponds to finding the mobility.

[0264] During a light emission preparation period Td, the
scanning line G1(i) is brought into an active state and the
monitoring control line G2(7) is brought into anon-active
state. By this, the transistor T1 goes into an on state and the
transistor T3 goes into an off state. In addition, during this
period, a data potential D(i, j) depending on a target lumi-
nance is provided to the data line S(j). By writing based on
the data potential D(i, j), the capacitor Cst is charged and the
transistor T2 goes into an on state. By the above, during the
light emission preparation period Td, a drive current is
supplied to the organic EL element OLED through the
transistor T2, as indicated by an arrow denoted by reference
character 75 in FIG. 15. By this, the organic EL element
OLED emits light at a luminance depending on the drive
current.

[0265] During the light emission period TL, the scanning
line G1(j) is brought into a non-active state and the moni-
toring control line G2(i) is maintained in the non-active
state. By this, the transistor T1 goes into an off state and the
transistor T3 is maintained in the off state. Although the
transistor T1 goes into an off state, since the capacitor Cst is
charged during the light emission preparation period Td by
the writing based on the data potential D(i, j) depending on
the target luminance, the transistor T2 is maintained in the
on state. Therefore, during the light emission period TL, a
drive current is supplied to the organic EL element OLED
through the transistor T2, as indicated by an arrow denoted
by reference character 76 in FIG. 16. By this. the organic EL
element OLED emits light at a luminance depending on the
drive current. That is, during the light emission period TL,
the organic EL element OLED emits light depending on the
target luminance.

[0266] In the present embodiment, in the above-described
manner, detection of TFT characteristics and OLED char-
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acteristics for one row is performed for each frame. By this,
TFT characteristics and OLED characteristics for the n rows
are detected over n frame periods.

[0267] Note that a technique for detecting TFT character-
istics and OLED characteristics is not limited to the one
described above. For example, a circuit configuration dif-
ferent than the one described above can be adopted, or
characteristics of circuit elements may be detected by a
different sequence than that described above.

[0268] <3.3 Update to Correction Data and Correction of
Video Signals>

[0269] When TFT characteristics and OLED characteris-
tics are detected, correction data stored in the correction data
storage unit 50 is updated based on the results of the
detection. Specifically, since a threshold voltage of the
transistor T2 and a gain value corresponding to a mobility of
the transistor are found in the above-described manner
during a TFT characteristic detection period Th, an offset
value corresponding to the found threshold voltage is stored
as a new offset value in the TFT offset memory 51a, and the
found gain value is stored as a new gain value in the TFT
gain memory 52a. In addition, since a threshold voltage of
the organic EL element OLED and a degradation correction
factor of the organic EL element OLED are found during an
OLED characteristic detection period Tc, an offset value
corresponding to the found threshold voltage is stored as a
new offset value in the OLED offset memory 515, and the
found degradation correction factor is stored as a new
degradation correction factor in the OLED gain memory
52b. Note that since, in the present embodiment, detection of
TFT characteristics and OLED characteristics for one row is
performed in each frame, an update to m offset values in the
TFT offset memory 51a, m gain values in the TFT gain
memory 52a, m offset values in the OLED offset memory
51b, and m degradation correction factors in the OLED gain
memory 525 is performed per frame period.

[0270] The control circuit 20 corrects video signals using
correction data stored in the correction data storage unit 50,
so as to compensate for degradation of circuit elements.
Note that, as will be described later, in the present embodi-
ment, the value of the low-level power supply voltage
ELVSS is set to a value lower than a value at an initial point
in time, depending on the magnitudes of threshold shifts
(changes in threshold voltages from an initial point in time)
of the transistor T2 (drive transistor) and the organic EL
element OLED. Here, the difference between the value of
the low-level power supply voltage ELVSS at an initial point
in time and the value of the low-level power supply voltage
ELVSS at a point in time when a video signal is corrected
is represented by AV.

[0271] When a voltage of a video signal after gamma
correction is Vc, a gain value stored in the TFT gain memory
52a is B1, a degradation correction factor stored in the
OLED gain memory 525 is B2, an offset value stored in the
TFT offset memory 51a is Vt1, and an offset value stored in
the OLED offset memory 515 is V12, a corrected voltage
Vdata is found by the following equation (9):

Vdata=Vc-B1-B2+Vi1+Vi2-AV 9

[0272] A digital signal representing the voltage Vdata
found by the above equation (9) is transmitted as a data
signal DA to the source driver 30 from the control circuit 20.
Note that the corrected voltage Vdata may be found by the
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following equation (10) so as to compensate for attenuation
of a data potential caused by parasitic capacitance in the
pixel circuit 11:

Vdata=Z(Ve-B1-B2+ Vil +Vi2-AV) (10)

where 7 is a factor for compensating for attenuation of the
data potential.

[0273] <3.4 Control of the Low-Level Power Supply
Voltage (ELVSS)>

[0274] In the present embodiment, in order to prevent the
occurrence of a grayscale failure, the value of the low-level
power supply voltage ELVSS is controlled by the power
supply voltage control unit 201, based on the results of
detection of TFT characteristics and OLED characteristics.
How the value of the low-level power supply voltage
ELVSS is controlled in the present embodiment will be
described below.

[0275] As described above, in the present embodiment,
TFT characteristics and OLED characteristics for the n rows
are detected over n frame periods. That is, TFT character-
istics and OLED characteristics for all pixels in the display
unit 10 are detected every n frame periods. By this, threshold
shifts of the transistors T2 (drive transistors) and the organic
EL elements for all pixels are found, but there are variations
in the degree of degradation of the circuit elements. That is,
the magnitudes of threshold shifts of the transistors T2 and
the organic EL elements OLED vary pixel by pixel. Here, in
the present embodiment, an average value of the magnitudes
of threshold shifts of all pixels in the display unit 10 is used
as a value for controlling the value of the low-level power
supply voltage ELVSS.

[0276] In order to use an average value of the magnitudes
of threshold shifts of all pixels to control the value of the
low-level power supply voltage ELVSS, the control circuit
20 first finds, for each pixel, a magnitude of a threshold shift
(an amount of change in threshold voltage) of the transistor
T2, based on a difference between a threshold voltage of the
transistor T2 at an initial point in time and a threshold
voltage of the transistor T2 at a point in time when detection
of TFT characteristics is performed. In addition, the control
circuit 20 finds, for each pixel, a magnitude of a threshold
shift of the organic EL element OLED, based on a difference
between a threshold voltage of the organic EL element
OLED at an initial point in time and a threshold voltage of
the organic EL. element OLED at a point in time when
detection of OLED characteristics is performed. Note that,
for convenience of description, the magnitude of the thresh-
old shift of each circuit element thus found is referred to as
“calculated value of change”. Note also that, in the present
embodiment, target circuit elements are implemented by the
transistor T2 and the organic EL element OLED.

[0277] Then, the control circuit 20 finds, for the threshold
shifts of the transistors T2, an average value of the calculated
values of change for all pixels. The control circuit 20 also
finds, for the threshold shifts of the organic EL elements
OLED, an average value of the calculated values of change
for all pixels. Thereafter, the control circuit 20 determines
the value of the low-level power supply voltage ELVSS
using the average values. Specifically, when the value of the
low-level power supply voltage ELVSS at an initial point in
time is V g7 prsy 0, the average value of the calculated values
of change for the transistors T2 is AVth ;ppyc4psy. and the
average value of the calculated values of change for the
organic EL elements OLED is AVth oy 2y c4vz). the value
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Vigzpss) of a controlled low-level power supply voltage
ELVSS is found by the following equation (11):

Viewvss)=ViELvssyo=2 Vlh(IFT,(A vey—A Vlh(OLED)(A VE) 1

[0278] As canbe grasped from the above equation (11), in
the present embodiment, the value of the low-level power
supply voltage ELVSS is set to a value lower, by a voltage
value corresponding to the sum of the average value of the
magnitudes of threshold shifts for the transistors T2 (drive
transistors) and the average value of the magnitudes of
threshold shifts for the organic EL elements OLED, than the
value at the initial point in time. Since normally the thresh-
old shift increases with the passage of time, the value of the
low-level power supply voltage ELVSS is lowered with the
passage of time.

[0279] In the present embodiment, the value of the low-
level power supply voltage ELVSS is controlled in the
above-described manner. Note that the value of the low-level
power supply voltage ELVSS may be found based on the
magnitudes of threshold shifts of only the transistors T2 as
shown in the following equation (12), and the value of the
low-level power supply voltage ELVSS may be found based
on the magnitudes of threshold shifts of only the organic EL
elements OLED as shown in the following equation (13):

Vierrssy=Vigrvssyoy A th(IFT;(A VE) (12)
Viervssy=VizLvssyoyA Vlh(OLED)(A VE) (13)
[0280] <3.5 Control of the High-Level Power Supply

Voltage (ELVDD)>

[0281] In the present embodiment, with the control of the
value of the low-level power supply voltage ELVSS in the
above-described manner, the value of the high-level power
supply voltage ELVDD is also controlled by the power
supply voltage control unit 201. Note that the value of the
high-level power supply voltage ELVDD is controlled so as
to reduce power consumption. How the value of the high-
level power supply voltage ELVDD is controlled in the
present embodiment will be described below.

[0282] In the present embodiment, gains (values propor-
tional to mobilities) of the transistors T2 (drive transistors)
for all pixels are found by detecting TFT characteristics, but
there are variations in the degree of degradation of the
transistors T2. That is, the gain of the transistor T2 varies
pixel by pixel. Here, in the present embodiment, an average
value of gains of all pixels in the display unit 10 is used as
a value for controlling the value of the high-level power
supply voltage ELVDD.

[0283] Specifically, when the value of the low-level power
supply voltage BLVSS at an initial point in time is Vg s,
), the maximum value of voltages applied between the
anodes and cathodes of the organic EL elements OLED is
Voled, and the maximum value of overdrive voltages (dif-
ferences between gate-source voltages and threshold volt-
ages) of the transistors T2 is “Vgs-Vth”, the value V z; ;)
of a controlled high-level power supply voltage ELVDD is
found to satisfy the following expression (14):

Varvopy> VigLvsstVoled+Vgs-Vih (14)

The above expression (14) is an expression representing a
condition that satisfies a saturated state.

[0284] Meanwhile, when the transistors T2 operate in
saturation region, the following equation (15) holds true for
the overdrive voltage “Vgs-Vth” of the transistors T2:

Vgs—Vih=(2xIoled!p)" (15)
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[0285] Note that in the above equation (15), bled repre-
sents the magnitudes of currents flowing between the anodes
and cathodes of the organic EL elements OLED, and {
represents the gains of the transistors T2.

[0286] Here, a minimum value of gains of all pixels for the
transistors T2 is substituted into f of the above equation
(15). The value of “Vgs-Vth” obtained thereby is substi-
tuted into “Vgs-Vth” of the above expression (14). That is,
it may be considered that the value V z; .., of a controlled
high-level power supply voltage ELVDD is found to satisfy
the following expression (16):

ELvDDY” VY (ELVSsyTreled+(2xiole -
Viervppy> Vigrvsst Voled+(2xloled/B)" 16

[0287] Note that when detection of mobilities (gains) is
not performed, the value of the high-level power supply
voltage ELVDD may be changed in the same direction as a
direction in which the value of the low-level power supply
voltage changes and by the same value as the changed value
of the low-level power supply voltage.

[0288] In the present embodiment, the value of the high-
level power supply voltage ELVDD is controlled in the
above-described manner. By this, for example, when the
value of the low-level power supply voltage ELVSS has
become a value lower than that at an initial point in time, the
value of the high-level power supply voltage ELVDD is set
to the lowest possible value within a range that satisfies the
above expression (16), by which power consumption is
reduced.

[0289] <4. Effects>

[0290] The organic EL display device 1 according to the
present embodiment is provided with a monitoring function
that detects the characteristics of the drive transistors (tran-
sistors T2) and the organic EL elements OLED in the pixel
circuits 11. By the monitoring function, the threshold volt-
ages of the drive transistors and the organic EL elements
OLED are found. Since the threshold voltages of each pixel
are found every predetermined period, a threshold shift of
the drive transistor in each pixel and a threshold shift of the
organic EL element OLED in each pixel can be found. Then,
as indicated by an arrow with reference character 78 in FIG.
17, the value of the low-level power supply voltage ELVSS
is set to a value lower, by a value corresponding to an
average value of calculated values of change (magnitudes of
threshold shifts) of all pixels, than a value at an initial point
in time. By this, compared to before an adjustment of the
value of the low-level power supply voltage ELVSS, a
grayscale voltage range (a range of data voltage required to
perform desired grayscale display) is wholly lowered.
Hence, a voltage that causes a grayscale failure in the
conventional art out of corrected data voltages for compen-
sation falls within a driver output range (see FIG. 18). As a
result, the occurrence of a grayscale failure is prevented. In
addition, since the occurrence of a grayscale failure is
prevented, an effect of extending the life of the organic EL
display device can also be obtained. As described above,
according to the present embodiment, an organic EL display
capable of compensating for degradation of circuit elements
without causing a grayscale failure is implemented.

[0291] In addition, according to the present embodiment,
with the setting of the value of the low-level power supply
voltage ELVSS to a value lower than a value at an initial
point in time, the value of the high-level power supply
voltage ELVDD is also set to a value lower than a value at
an imtial point in time as indicated by an arrow with
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reference character 79 in FIG. 17. By this, power consump-
tion is reduced. Note that the value of the high-level power
supply voltage ELVDD does not necessarily need to be
adjusted.

[0292] Furthermore, in the present embodiment, an aver-
age value of the magnitudes of threshold shifts (calculated
values of change) of all pixels is found for both of the
transistors T2 and the organic EL elements OLED. Hence,
the TFT offset memory 51a and the OLED offset memory
514 (see FIG. 1) may store the value of a difference between
a “calculated value of change of each pixel” and an “average
value of calculated values of change of all pixels”. By thus
storing the values of differences in the memories, memory
capacity required by the organic EL display device 1 can be
reduced.

[0293] <S. Variants>

[0294] Variants of the above-described embodiment will
be described below. Note that in the following only differ-
ences from the embodiment will be described in detail and
description of the same points as in the embodiment is
omitted.

[0295] <5.1 First Variant>

[0296] In the embodiment, the value of the low-level
power supply voltage ELVSS is adjusted based on an
average value of calculated values of change (magnitudes of
threshold shifts) for all pixels. However, the present inven-
tion is not limited thereto. The value of the low-level power
supply voltage ELVSS may be adjusted based on a midpoint
value between the maximum value and minimum value of
the calculated values of change for all pixels (i.e., an average
value of the maximum value and minimum value of the
calculated values of change for all pixels). Alternatively, the
value of the low-level power supply voltage ELVSS may be
adjusted based on a median of the calculated values of
change for all pixels.

[0297] Specifically, when one of an average value of the
calculated values of change for all pixels, an average value
of the maximum value and minimum value of the calculated
values of change for all pixels, and a median of the calcu-
lated values of change for all pixels is defined as a repre-
sentative value, the value of the low-level power supply
voltage ELVSS may be set to a value lower, by a voltage
value corresponding to the representative value, than a value
at an initial point in time.

[0298] <5.2 Second Variant>

[0299] In the embodiment, the value of the low-level
power supply voltage FELVSS is adjusted based on an
average value of calculated values of change (magnitudes of
threshold shifts) for all pixels. However, the present inven-
tion is not limited thereto. In the present variant, the value
of the low-level power supply voltage ELVSS is adjusted
based on a maximum value of the calculated values of
change of all pixels.

[0300] Specifically, when the value of the low-level power
supply voltage ELVSS at an initial point in time is V gz s
(0), the maximum value of calculated values of change for
the transistors T2 (drive transistors) is AVth zp7yz4x), and
the maximum value of calculated values of change for the
organic EL elements OLED is AVth ;215 0z.4%), the value
Vizrvssy of a controlled low-level power supply voltage
ELVSS is found by the following equation (17):

Vierrss;=VeLvssxo AVt apnanxn-2Vthoren,
(MAX) amn
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[0301] According to the present variant, the value of the
low-level power supply voltage ELVSS is set to a value
lower, by a voltage value corresponding to the sum of a
maximum value of the magnitudes of threshold shifts for the
transistors T2 and a maximum value of the magnitudes of
threshold shifts for the organic EL elements OLED, than a
value at an initial point in time. Hence, an upper limit of a
grayscale voltage range is effectively lowered. By this, the
occurrence of a grayscale failure on the high-grayscale side
is effectively prevented.

[0302] <5.3 Third Variant>

[0303] In the present variant, the value of the low-level
power supply voltage ELVSS is adjusted based on a mini-
mum value of the calculated values of change of all pixels.
Specifically, when the value of the low-level power supply
voltage ELVSS at an initial point in time is Vz; poq o) the
minimum value of calculated values of change for the
transistors T2 (drive transistors) is AVth zryamy), and the
minimum value of calculated values of change for the
organic EL elements OLED is AVth o, gy amny. the value
Vigrpss, of a controlled low-level power supply voltage
ELVSS is found by the following equation (18):

Vigrvssy=Vevssyoy AV e namy-AVhorepyamn (18)

[0304] According to the present variant, the value of the
low-level power supply voltage ELVSS is set to a value
lower, by a voltage value corresponding to the sum of a
minimum, value of the magnitudes of threshold shifts for the
transistors T2 and a minimum value of the magnitudes of
threshold shifts for the organic EL elements OLED, than a
value at an initial point in time. Hence, even after an
adjustment of the value of the low-level power supply
voltage ELVSS, a lower limit of a grayscale voltage range is
maintained at as high a value as possible. By this, the
occurrence of a grayscale failure on the low-grayscale side
is prevented.

[0305] <5.4 Fourth Variant>

[0306] As can be grasped from the embodiment, the first
variant, the second variant, and the third variant, various
methods are considered for a method for adjusting the value
of the low-level power supply voltage ELVSS. In this
regard, a case in which the following conditions (A) to (E)
are satisfied is considered.

[0307] (A) The value of the low-level power supply volt-
age BLVSS at an initial point in time (ta) is 0 V, and if the
value of threshold voltages (here, the sum of the value of a
threshold voltage of a drive transistor and the value of a
threshold voltage of an organic EL elements OLED) is 0 V,
then a grayscale voltage range (a range of data voltage
required to perform desired grayscale display) is 3 V to 7V.
[0308] (B) The magnitude of a threshold shift at the initial
point in time (ta) is 0 V for all pixels.

[0309] (C) A minimum value of calculated values of
change of all pixels at point in time th is 1 V.

[0310] (D) A maximum value of the calculated values of
change of all pixels at point in time tb is 3.5 V.

[0311] (E) An average value of the calculated values of
change of all pixels at point in time th is 2 V.

[0312] Note that, for convenience of description, a pixel
having a minimum calculated value of change is referred to
as “minimum shift pixel”, and a pixel having a maximum
calculated value of change is referred to as “maximum shift
pixel”. Note also that in FIGS. 19 to 25, a grayscale voltage
range at the minimum shift pixel is indicated by an arrow
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with reference character 81 and a grayscale voltage range at
the maximum shift pixel is indicated by an arrow with
reference character 82.

[0313] In the above-described case, when the value of the
low-level power supply voltage ELVSS is set, at point in
time th, to a value lower by a value corresponding to the
maximum value of the calculated values of change of all
pixels than a value at the initial point in time (see the first
variant), the grayscale voltage range at the minimum shift
pixel 1s 0.5 V to 4.5V, and the grayscale voltage range at the
maximum shift pixel is 3 V to 7'V, as shown in FIG. 19. In
addition, in the above-described case, when the value of the
low-level power supply voltage ELVSS is set, at point in
time th, to a value lower by a value corresponding to the
average value of the calculated values of change of all pixels
than a value at the initial point in time (see the embodiment),
the grayscale voltage range at the minimum shift pixel is 2
V to 6 V, as shown in FIG. 20, and the grayscale voltage
range at the maximum shift pixel is 4.5 V to 85 V.
Furthermore, in the above-described case, when the value of
the low-level power supply voltage ELVSS is set, at point in
time th, to a value lower by a value corresponding to the
minimum value of the calculated values of change of all
pixels than a value at the initial point in time (see the second
variant), the grayscale voltage range at the minimum shift
pixel is 3 V to 7 V, and the grayscale voltage range at the
maximum shift pixel is 5.5 V to 9.5V, as shown in FIG. 21.
[0314] Here, it is assumed that the driver output range is
1V to 10 V. At this time, when the value of the low-level
power supply voltage ELVSS is adjusted at point in time th
based on the average value of the calculated values of
change of all pixels, a grayscale failure does not occur in
both the minimum shift pixel and the maximum shift pixel,
as can be grasped from FIG. 22. On the other hand, when the
value of the low-level power supply voltage ELVSS is
adjusted at point in time th based on the maximum value of
the calculated values of change of all pixels, a grayscale
failure occurs in a low-grayscale portion in the minimum
shift pixel, as can be grasped from FIG. 23.

[0315] In addition, it is assumed that the driver output
range is 0 V to 8 V. At this time, when the value of the
low-level power supply voltage ELVSS is adjusted at point
in time tb based on the average value of the calculated values
of change of all pixels, a grayscale failure occurs in a
high-grayscale portion in the maximum shift pixel, as can be
grasped from FIG. 24. On the other hand, when the value of
the low-level power supply voltage ELVSS is adjusted at
point in time tb based on the maximum value of the
calculated values of change of all pixels, a grayscale failure
does not occur in both the minimum shift pixel and the
maximum shift pixel, as can be grasped from FIG. 25.
[0316] As can be grasped from the above, an optimal
manner for adjusting the value of the low-level power
supply voltage ELVSS varies depending on the average
value of the calculated values of change of all pixels, the
maximum value of the calculated values of change of all
pixels, the minimum value of the calculated values of
change of all pixels, the driver output range, and the gray-
scale voltage width.

[0317] Hence, in the present variant, the value of a con-
trolled low-level power supply voltage ELVSS is set to a
value lower, by a voltage value that is determined based on
a relationship among the average value of the calculated
values of change of all pixels, the maximum value of the



US 2017/0025061 A1l

calculated values of change of all pixels, the minimum value
of the calculated values of change of all pixels, the driver
output range, and the grayscale voltage width, than a value
at the initial point in time.

[0318] Note that it is considered that when the value of the
low-level power supply voltage ELVSS is adjusted based on
the minimum value of the calculated values of change of all
pixels, the grayscale voltage range is wholly lowered only
slightly. Therefore, the value of a controlled low-level power
supply voltage ELVSS may be set to a value lower, by a
voltage value that is determined based on a relationship
among the average value of the calculated values of change
of all pixels, the maximum value of the calculated values of
change of all pixels, the driver output range, and the gray-
scale voltage width, than a value at the initial point in time.
[0319] In addition, when one of the average value of the
calculated values of change for all pixels, the average value
of the maximum value and minimum value of the calculated
values of change for all pixels, and the median of the
calculated values of change for all pixels is defined as a
representative value, the value of a controlled low-level
power supply voltage ELVSS may be set to a value lower,
by a voltage value that is determined based on a relationship
among the representative value, the maximum value of the
calculated values of change of all pixels, the minimum value
of the calculated values of change of all pixels, the driver
output range, and the grayscale voltage width, than a value
at the initial point in time. Furthermore, the value of a
controlled low-level power supply voltage ELVSS may be
set to a value lower, by a voltage value that is determined
based on a relationship among the representative value, the
maximum value of the calculated values of change of all
pixels, the driver output range, and the grayscale voltage
width, than a value at the initial point in time.

[0320] Moreover, for a technique for preventing the occur-
rence of a grayscale failure, it is considered to set, at an
initial point in time, the upper limit and lower limit of a
grayscale voltage range to values that are somewhat far from
the upper limit and lower limit of a driver output range,
respectively, or to adjust the value of the low-level power
supply voltage ELVSS at time intervals at which the spread
of a difference between the maximum value and minimum
value of the magnitudes of threshold shifts can be sup-
pressed.

[0321] <5.5 Fifth Variant>

[0322] In the embodiment, a calculated value of change
(an amount of change in threshold voltage) for determining
the value of the low-level power supply voltage ELVSS is
found based on a difference between a threshold voltage at
an initial point in time (the sum of the value of a threshold
voltage of a transistor T2 and the value of a threshold voltage
of an organic EL element OLED) and a threshold voltage at
a point in time of characteristic detection. However, the
present invention is not limited thereto. A dummy pixel that
is maintained in a non-lighting state may be provided in a
panel, and a calculated value of change for determining the
value of the low-level power supply voltage ELVSS may be
found based on a difference between a threshold voltage that
is found based on the results of characteristic detection and
a threshold voltage of circuit elements (a transistor and an
organic EL element) in the dummy pixel.

[0323] In the present variant, a dummy pixel 64 is pro-
vided in an area outside an effective display area within a
panel as shown in FIG. 26. In the dummy pixel, a transistor
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and an organic EL element, drive operation of which is not
performed. are provided as dummy circuit elements. Then,
the control circuit 20 finds, for each pixel, a calculated value
of change of the transistor T2, based on a difference between
a threshold voltage of the transistor T2 that is found based
on the result of TFT characteristic detection and a threshold
voltage of the transistor in the dummy pixel. In addition, the
control circuit 20 finds, for each pixel, a calculated value of
change of the organic EL element OLED, based on a
difference between a threshold voltage of the organic EL
element OLED that is found based on the result of OLED
characteristic detection and a threshold voltage of the
organic EL element in the dummy pixel.

[0324] Meanwhile, degradation of the dummy circuit ele-
ments can be considered to be caused by an environment
such as temperature. On the other hand, degradation of the
circuit elements in the effective display area (active area)
includes one caused by lighting in addition to one caused by
an environment. By the above, it is possible to separately
consider degradation of the circuit elements in the effective
display area caused by an environment and caused by
lighting. Then, by adjusting the value of the low-level power
supply voltage ELVSS using calculated values of change
that are found in the above-described manner, and correcting
video signals based on the results of characteristic detection,
even when a panel’s periphery condition or environment
condition has been changed from an initial point in time,
degradation of the circuit elements can be effectively com-
pensated for without causing a grayscale failure.

[0325] <S5.6 Sixth Variant>

[0326] In the embodiment, the threshold voltages of cir-
cuit elements (a transistor T2 and an organic EL element
OLED) are found based on the results of detection of
characteristics of the circuit elements, and calculated values
of change are found based on the found threshold voltages.
However, the present invention is not limited thereto, and
calculated values of change may be found based on a
temperature.

[0327] FIG. 27 is a block diagram showing an overall
configuration of an organic EL display device 2 in the
present variant. The organic EL display device 2 is provided
with a temperature sensor (temperature detecting unit) 65, in
addition to the components in the embodiment. In addition,
the control circuit 20 is provided with three lookup tables (a
TFT temperature-threshold voltage correspondence table
25a, an OLED temperature-threshold voltage correspon-
dence table 254, and a TFT temperature-mobility correspon-
dence table 26).

[0328] The temperature sensor 65 detects a temperature. A
detected temperature TEM obtained by the temperature
sensor 65 is provided to the control circuit 20. FIG. 28 is a
schematic diagram showing a configuration of the TFT
temperature-threshold voltage correspondence table 25a. As
shown in FIG. 28, the TFT temperature-threshold voltage
correspondence table 25a stores correspondences between
temperature and the threshold voltage of the transistor.
Likewise, the OLED temperature-threshold voltage corre-
spondence table 255 stores correspondences between tem-
perature and the threshold voltage of the organic EL ele-
ment. FIG. 29 is a schematic diagram showing a
configuration of the TFT temperature-mobility correspon-
dence table 26. As shown in FIG. 29, the TFT temperature-
mobility correspondence table 26 stores corresponderices
between temperature and the mobility of the transistor.
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[0329] 1Ina configuration such as that described above, the
control circuit 20 obtains a threshold voltage of the transistor
T2 and a threshold voltage of the organic EL element OLED,
based on the detected temperature TEM obtained by the
temperature sensor 65. Furthermore, the control circuit 20
finds a magnitude of a threshold shift of the transistor T2 and
a magnitude of a threshold shift of the organic EL element
OLED, based on the threshold voltage of the transistor T2
and the threshold voltage of the organic EL element OLED
which are obtained in the above-described manner. Then,
when the value of the low-level power supply voltage
ELVSS at an initial point in time is V z; ) the magni-
tude of the threshold shift of the transistor T2 is AVth ;.-
and the magnitude of the threshold shift of the organic EL
element OLED is AVth o, zp,, the value V gy of a
controlled low-level power supply voltage ELVSS is found
by the following equation (19):

Viervssy=Varvssyoy AV rr=-AVthorep, (19)

Then, the value of the low-level power supply voltage
ELVSS is set to the value found by the above equation (19).
[0330] Inaddition, the control circuit 20 obtains a mobility
of the transistor T2, based on the detected temperature TEM
obtained by the temperature sensor 65. Then, using the
mobility, the value of the high-level power supply voltage
ELVDD is adjusted in the same manner as in the embodi-
ment.

[0331] According to the present variant, the value of the
low-level power supply voltage ELVSS and the value of the
high-level power supply voltage ELVDD can be adjusted
without performing detection of TFT characteristics or
detection of OLED characteristics.

[0332] <5.7 Seventh Variant>

[0333] Although in the embodiment the pixel circuits 11 of
the configuration shown in FIG. 6 are adopted, the present
invention is not limited thereto. FIG. 30 is a circuit diagram
showing a configuration of a pixel circuit 11 in the present
variant. A transistor T1 is provided between a data line S(j)
and a gate terminal of a transistor T2. The transistor T1 is
connected at its gate terminal to a scanning line G1(i) and
connected at its source terminal to the data line S(j). The
transistor T2 is provided in series with an organic EL
element OLED. The transistor T2 is connected at its gate
terminal to a drain terminal of the transistor T1, connected
at its drain terminal to a cathode terminal (cathode) of the
organic EL element OLED, and connected at its source
terminal to a low-level power supply line ELVSS. A tran-
sistor T3 is connected at its gate terminal to a monitoring
control line G2(i), connected at its drain terminal to the
cathode terminal of the organic EL element OLED, and
connected at its source terminal to the data line S(j). A
capacitor Cst is connected at its one end to the gate terminal
of the transistor T2 and connected at its other end to the drain
terminal of the transistor T2. An anode terminal (anode) of
the organic EL element OLED is connected to a high-level
power supply line ELVDD.

[0334] In a configuration such as that described above, by
setting the value of a potential Vmg, the value of a potential
Vm_TFT, and the value of a potential Vm_oled such that a
current flows in a manner indicated by an arrow denoted by
reference character 77 in F1G. 31 during a TFT characteristic
detection period (see Th of FIG. 8) and a current flows in a
manner indicated by an arrow denoted by reference charac-
ter 78 in FIG. 32 during an OLED characteristic detection
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period (see Tc of FIG. 8), TFT characteristics and OLED
characteristics are detected. Then, in the same manner as in
the embodiment, the value of the low-level power supply
voltage ELVSS and the value of the high-level power supply
voltage ELVDD are controlled. Specifically, the value of the
low-level power supply voltage ELVSS is found by the
above equation (11), and the value of the high-level power
supply voltage ELVDD is found to satisfy the above expres-
sion (16). Note that as in the embodiment, the value of the
low-level power supply voltage ELVSS may be found by the
above equation (12) or the above equation (13).
[0335] As described above, even when the pixel circuits
11 of the configuration shown in FIG. 30 are adopted, the
same effects as those obtained in the embodiment can be
obtained.
[0336] <5.8 Eighth Variant>
[0337] In the embodiment, the transistors T1 to T3 in the
pixel circuit 11 are of an n-channel type. However, the
present invention is not limited thereto, and p-channel
transistors can also be adopted as the transistors T1 to T3 in
the pixel circuit 11. FIG. 33 is a circuit diagram showing a
configuration of a pixel circuit 11 in the present variant. The
configuration in the present variant is the same as that in the
embodiment (see FIG. 6) except that the transistors T1to T3
are of a p-channel type.
[0338] In the present variant, by setting the value of a
potential Vmg, the value of a potential Vm_TFT, and the
value of a potential Vm_oled such that a current flows in a
manner indicated by an arrow denoted by reference charac-
ter 83 in FIG. 34 during a TFT characteristic detection
period (see Tb of FIG. 8) and a current flows in a manner
indicated by an arrow denoted by reference character 84 in
FIG. 35 during an OLED characteristic detection period (see
Tc of FIG. 8), TFT characteristics and OLED characteristics
are detected.
[0339] In the present variant, the value of the high-level
power supply voltage ELVDD is found using an average
value of calculated values of change (magnitudes of thresh-
old shifts) for the transistors T2 (drive transistors) and an
average value of calculated values of change (magnitudes of
threshold shifts) for the organic EL elements OLED. Spe-
cifically, when the value of the high-level power supply
voltage ELVDD at an initial point in time i8 Vz; 730y, the
average value of calculated values of change for the tran-
sistors T2 18 AVth zzp 45, and the average value of cal-
culated values of change for the organic EL elements OLED
is AVth,; ey 40z the value Vg5 of a controlled high-
level power supply voltage ELVDD is found by the follow-
ing equation (20):
Verooy=Vervooyoy AV arnuvetAVihorepy

(AVE) (20
[0340] Note that the value of the high-level power supply
voltage ELVDD may be found based on the magnitudes of
threshold shifts of only the transistors T2 as shown in the
following equation (21), or the value of the high-level power
supply voltage ELVDD may be found based on the magni-
tudes of threshold shifts of only the organic EL elements
OLED as shown in the following equation (22):

Veevrooy=Vervonyort- NV i orryave, (21)
Voo =V erroyoih VZh(OLED)(A VE) (22)
[0341] In addition, in the present variant, an average value

of gains of all pixels in the display unit 10 is used as a value
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for controlling the value of the low-level power supply
voltage ELVSS. Specifically, when the value of the high-
level power supply voltage ELVDD at an initial point in time
8 Vizrpnpyoy the maximum value of voltages applied
between the anodes and cathodes of the organic EL elements
OLED is Voled, and the maximum value of overdrive
voltages (differences between gate-source voltages and
threshold voltages) of the transistors T2 is “Vgs-Vth”, the
value V z; ., of a controlled low-level power supply volt-
age ELVSS is found to satisfy the following expression (23).
Note that Vgs and Vth are absolute values.

Viervssy<VaLvopy-Voled-(Vgs—Vih) (23)

The above expression (23) is an expression representing a
condition that satisfies a saturated state.

[0342] As described above, when the transistors T2 oper-
ate in saturation region, the above equation (15) holds true
for the overdrive voltage “Vgs-Vth” of the transistors T2.
Here, a minimum value of gains of all pixels for the
transistors T2 is substituted into f of the above equation
(15). The value of “Vgs—Vth” obtained thereby is substi-
tuted into “Vgs-Vth” of the above expression (23). That is,
it may be considered that the value Vs, of a controlled
low-level power supply voltage ELVSS is found to satisfy
the following expression (24):

Vizrvssy<Vegzvmp,- Voled-(2xloled/p)*? 24

[0343] Note that when detection of mobilities (gains) is
not performed, the value of the high-level power supply
voltage ELVDD may be changed in the same direction as a
direction in which the value of the low-level power supply
voltage changes and by the same value as the changed value
of the low-level power supply voltage.

[0344] In the present variant, the value of the high-level
power supply voltage ELVDD and the value of the low-level
power supply voltage ELVSS are controlled in the above-
described manner. By this, even when the pixel circuits 11
of the configuration shown in FIG. 33 are adopted, the same
effects as those obtained in the embodiment can be obtained.
[0345] Note that when the pixel circuits 11 of the con-
figuration shown in FIG. 33 are adopted, the value of the
high-level power supply voltage ELVDD may be adjusted
based on a maximum value of the calculated values of
change of all pixels (see the second variant). Specifically,
when the value of the high-level power supply voltage
ELVDD at an initial point in time is V g pppy). the
maximum value of calculated values of change for the
transistors T2 (drive transistors) is AVth ;7 .4x), and the
maximum value of calculated values of change for the
organic EL elements OLED is AVth o zpyazx, the value
Viervpp, of a controlled high-level power supply voltage
ELVDD may be found by the following equation (25):

VieLvrony=Vervooyoi AVt arnasantAVhorep)

@M4X) (25)
[0346] In addition, when the pixel circuits 11 of the
configuration shown in FIG. 33 are adopted, the value of the
high-level power supply voltage ELVDD may be adjusted
based on a minimum value of the calculated values of
change of all pixels (see the third variant). Specifically, when
the value of the high-level power supply voltage ELVDD at
an initial point in time i V z7,5p)(0), the minimum value of
calculated values of change for the transistors T2 (drive
transistors) is AVth ;4. and the minimum value of
calculated values of change for the organic EL elements
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OLED is AVth o gy, the value Vg, oy, of a con-
trolled high-level power supply voltage ELVDD may be
found by the following equation (26):

Viervopy=VeLvopyort AV arnamt AV orep)

(MIN) (26)
[0347] <6. Others>
[0348] The present invention is not limited to the above-

described embodiment and variants and may be imple-
mented by making various modifications thereto without
departing from the true scope and spirit of the present
invention. In addition, a configuration where the first to
eighth variants are combined together as appropriate can
also be adopted. For example, while the pixel circuits 11 in
the seventh variant are adopted, the value of the low-level
power supply voltage ELVSS may be adjusted in the manner
described in the first variant.

DESCRIPTION OF REFERENCE CHARACTERS

[0349] 1 and 2: ORGANIC EL DISPLAY DEVICE
[0350] 10: DISPLAY UNIT

[0351] 11: PIXEL CIRCUIT

[0352] 20: CONTROL CIRCUIT

[0353] 30: SOURCE DRIVER

[0354] 40: GATE DRIVER

[0355] S50: CORRECTION DATA STORAGE UNIT

[0356] 61: ORGANIC EL HIGH-LEVEL POWER
SUPPLY

[0357] 62: ORGANIC EL LOW-LEVEL POWER
SUPPLY

[0358] 65: TEMPERATURE SENSOR

[0359] 201: POWER SUPPLY VOLTAGE CONTROL
UNIT
[0360] 330: OUTPUT AND CURRENT-MONITOR-

ING CIRCUIT

[0361] TI to T3: TRANSISTOR

[0362] Cst: CAPACITOR

[0363] OLED: ORGANIC EL ELEMENT

[0364] G1(1) to G1(r): SCANNING LINE

[0365] G2(1) to G2(r): MONITORING CONTROL
LINE

[0366] S(1)to S(m): DATA LINE

[0367] ELVDD: HIGH-LEVEL POWER SUPPLY

VOLTAGE AND HIGH-LEVEL POWER SUPPLY
LINE
[0368] ELVSS: LOW-LEVEL POWER SUPPLY
VOLTAGE AND LOW-LEVEL POWER SUPPLY
LINE
1. A display device including a plurality of pixel circuits,
each including an electrooptical element whose luminance is
controlled by a current, and a drive transistor configured to
control a current to be supplied to the electrooptical element,
the display device comprising:
a plurality of data lines configured to supply data voltages
for grayscale display to the plurality of pixel circuits;
a data line drive circuit configured to apply the data
voltages to the plurality of data lines;
an amount-of-threshold-voltage-change obtaining unit
configured to find an amount of change in threshold
voltage of a target circuit element, at least either one of
the drive transistor and the electrooptical element serv-
ing as the target circuit element; and
a power supply voltage control unit configured to control
a value of at least a low-level power supply voltage out
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of the low-level power supply voltage and a high-level

power supply voltage that are supplied to the plurality

of pixel circuits, wherein

in each of the plurality of pixel circuits,

a data voltage supplied by a corresponding data line is
provided to a control terminal of the drive transistor,

the high-level power supply voltage is provided to a
first conduction terminal of the drive transistor,

a second conduction terminal of the drive transistor is
connected to an anode of the electrooptical element,
and

the low-level power supply voltage is provided to a
cathode of the electrooptical element, and

the power supply voltage control unit controls the value of

the low-level power supply voltage, depending on the

amount of change found by the amount-of-threshold-
voltage-change obtaining unit.

2-13. (canceled)

14. The display device according to claim 1, further
comprising a mobility obtaining unit configured to find a
mobility of the drive transistor, wherein

the power supply voltage control unit controls a value of

the high-level power supply voltage, depending on the

mobility found by the mobility obtaining unit.

15. The display device according to claim 14, wherein the
power supply voltage control unit controls a value Vh of the
high-level power supply voltage to satisfy a following
expression:

Vi>V1+Vmax+(2xfmax/p)>

where V1 is a value of the low-level power supply
voltage, Vmax is a maximum value of voltages applied
between the anode and cathode of the electrooptical
element, Imax is a maximum value of currents flowing
between the anode and cathode of the electrooptical
element, and p is a gain value proportional to the
mobility found by the mobility obtaining unit.

16. (canceled)

17. A display device including a plurality of pixel circuits,
each including an electrooptical element whose luminance is
controlled by a current, and a drive transistor configured to
control a current to be supplied to the electrooptical element,
the display device comprising:

a plurality of data lines configured to supply data voltages

for grayscale display to the plurality of pixel circuits;

a data line drive circuit configured to apply the data

voltages to the plurality of data lines;

an amount-of-threshold-voltage-change obtaining unit

configured to find an amount of change in threshold
voltage of a target circuit element, at least either one of
the drive transistor and the electrooptical element serv-
ing as the target circuit element; and

a power supply voltage control unit configured to control

at least a value of a first power supply voltage, the first
power supply voltage being one of a first-level voltage
and a second-level voltage, and the first-level voltage
and the second-level voltage being supplied to the
plurality of pixel circuits, wherein

in each of the plurality of pixel circuits,

a data voltage supplied by a corresponding data line is
provided to a control terminal of the drive transistor,

the second-level voltage is provided to a first conduc-
tion terminal of the drive transistor,
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a second conduction terminal of the drive transistor is
connected to one electrode of the electrooptical
element, and

the first-level voltage is provided to an other electrode
of the electrooptical element, and

the power supply voltage control unit controls the value of
the first power supply voltage, depending on the
amount of change found by the amount-of-threshold-
voltage-change obtaining unit.

18. The display device according to claim 17, further
comprising a characteristic detecting unit configured to
detect a characteristic of the target circuit element and find
a threshold voltage of the target circuit element based on
results of the detection, wherein

the amount-of-threshold-voltage-change obtaining unit
finds an amount of change in threshold voltage of the
target circuit element, based on a threshold voltage
found by the characteristic detecting unit.

19. The display device according to claim 18, wherein the
amount-of-threshold-voltage-change obtaining unit finds an
amount of change in threshold voltage of the target circuit
element, based on a difference between a threshold voltage
of the target circuit element at a predetermined reference
time and a threshold voltage of the target circuit element at
a point in time when characteristic detection by the charac-
teristic detecting unit is performed.

20. The display device according to claim 18, further
comprising a dummy circuit element, drive operation of
which is not performed, the dummy circuit element being of
a same type as the target circuit element, wherein

the amount-of-threshold-voltage-change obtaining unit
finds an amount of change in threshold voltage of the
target circuit element, based on a difference between a
threshold voltage of the target circuit element found
based on the results of the characteristic detection by
the characteristic detecting unit and a threshold voltage
of the dummy circuit element.

21. The display device according to claim 17, further
comprising a temperature detecting unit configured to detect
a temperature, wherein

the amount-of-threshold-voltage-change obtaining unit
finds an amount of change in threshold voltage of the
target circuit element, based on a temperature detected
by the temperature detecting unit.

22. The display device according to claim 17, wherein
when values of the amount of change found by the amount-
of-threshold-voltage-change obtaining unit are defined as
calculated values of change, and one of the first-level
voltage and the second-level voltage that is different than the
first power supply voltage is defined as a second power
supply voltage, and one of an average value of the calculated
values of change for the plurality of pixel circuits, an
average value of a maximum value and a minimum value of
the calculated values of change for the plurality of pixel
circuits, and a median of the calculated values of change for
the plurality of pixel circuits is defined as a representative
value, the power supply voltage control unit sets the value
of the first power supply voltage to a value such that a
difference between the first power supply voltage and the
second power supply voltage is larger, by a voltage value
corresponding to the representative value, than a value at a
reference time.
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23. The display device according to claim 22, wherein

the amount-of-threshold-voltage-change obtaining unit

finds amounts of change in threshold voltages of both
the drive transistor and the electrooptical element as
target circuit elements, and

the power supply voltage control unit sets the value of the

first power supply voltage to a value such that the
difference between the first power supply voltage and
the second power supply voltage is larger, by a voltage
value corresponding to a sum of the representative
value for the drive transistors and the representative
value for the electrooptical elements, than the value at
the reference time.

24. The display device according to claim 17, wherein
when values of the amount of change found by the amount-
of-threshold-voltage-change obtaining unit are defined as
calculated values of change and one of the first-level voltage
and the second-level voltage that is different than the first
power supply voltage is defined as a second power supply
voltage, the power supply voltage control unit sets the value
of the first power supply voltage to a value such that a
difference between the first power supply voltage and the
second power supply voltage is larger, by a voltage value
corresponding to a maximum value of the calculated values
of change for the plurality of pixel circuits, than a value at
a reference time.

25. The display device according to claim 24, wherein

the amount-of-threshold-voltage-change obtaining unit

finds amounts of change in threshold voltages of both
the drive transistor and the electrooptical element as
target circuit elements, and

the power supply voltage control unit sets the value of the

first power supply voltage to a value such that the
difference between the first power supply voltage and
the second power supply voltage is larger, by a voltage
value corresponding to a sum of a maximum value of
the calculated values of change for the drive transistors
and a maximum value of the calculated values of
change for the electrooptical elements, than the value at
the reference time.

26. The display device according to claim 17, wherein
when values of the amount of change found by the amount-
of-threshold-voltage-change obtaining unit are defined as
calculated values of change and one of the first-level voltage
and the second-level voltage that is different than the first
power supply voltage is defined as a second power supply
voltage, the power supply voltage control unit sets the value
of the first power supply voltage to a value such that a
difference between the first power supply voltage and the
second power supply voltage is larger, by a voltage value
corresponding to a minimum value of the calculated values
of change for the plurality of pixel circuits, than a value at
a reference time.

27. The display device according to claim 26, wherein

the amount-of-threshold-voltage-change obtaining unit

finds amounts of change in threshold voltages of both
the drive transistor and the electrooptical element as
target circuit elements, and

the power supply voltage control unit sets the value of the

first power supply voltage to a value such that the
difference between the first power supply voltage and
the second power supply voltage is larger, by a voltage
value corresponding to a sum of a minimum value of
the calculated values of change for the drive transistors

23
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and a minimum value of the calculated values of
change for the electrooptical elements, than the value at
the reference time.

28. The display device according to claim 17, wherein
when values of the amount of change found by the amount-
of-threshold-voltage-change obtaining unit are defined as
calculated values of change, and one of the first-level
voltage and the second-level voltage that is different than the
first power supply voltage is defined as a second power
supply voltage, and one of an average value of the calculated
values of change for the plurality of pixel circuits, an
average value of a maximum value and a minimum value of
the calculated values of change for the plurality of pixel
circuits, and a median of the calculated values of change for
the plurality of pixel circuits is defined as a representative
value, the power supply voltage control unit sets the value
of the first power supply voltage to a value such that a
difference between the first power supply voltage and the
second power supply voltage is larger by a voltage value
than a value at a reference time, the voltage value being
determined based on a relationship among the representative
value, the maximum value of the calculated values of change
for the plurality of pixel circuits, a range of data voltage that
can be supplied by the data line drive circuit to the plurality
of pixel circuits, and a range of voltage required for gray-
scale display.

29. The display device according to claim 17, wherein
when values of the amount of change found by the amount-
of-threshold-voltage-change obtaining unit are defined as
calculated values of change, and one of the first-level
voltage and the second-level voltage that is different than the
first power supply voltage is defined as a second power
supply voltage, and one of an average value of the calculated
values of change for the plurality of pixel circuits, an
average value of a maximum value and a minimum value of
the calculated values of change for the plurality of pixel
circuits, and a median of the calculated values of change for
the plurality of pixel circuits is defined as a representative
value, the power supply voltage control unit sets the value
of the first power supply voltage to a value such that a
difference between the first power supply voltage and the
second power supply voltage is larger by a voltage value
than a value at a reference time, the voltage value being
determined based on a relationship among the representative
value, the maximum value of the calculated values of change
for the plurality of pixel circuits, the minimum value of the
calculated values of change for the plurality of pixel circuits,
a range of data voltage that can be supplied by the data line
drive circuit to the plurality of pixel circuits, and a range of
voltage required for grayscale display.

30. The display device according to claim 17, further
comprising a mobility obtaining unit configured to find a
mobility of the drive transistor, wherein

when one of the first-level voltage and the second-level

voltage that is different than the first power supply
voltage is defined as a second power supply voltage, the
power supply voltage control unit controls a value of
the second power supply voltage, depending on the
mobility found by the mobility obtaining unit.

31. The display device according to claim 30, wherein the
power supply voltage control unit controls a value V2 of the
second power supply voltage to satisfy a following expres-
sion A when the value V2 of the second power supply
voltage is larger than a value V1 of the first power supply
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voltage, and controls the value V2 of the second power
supply voltage to satisty a following expression B when the
value V2 of the second power supply voltage is smaller than
the value V1 of the first power supply voltage:

V2> V1+Vmax+(2xImax/B) 2 A)
V2<¥V1-Vmax-(2xImax/B)!? (B)

where Vmax is a maximum value of voltages applied
between the one electrode and other electrode of the
electrooptical element, Imax is a maximum value of
currents flowing between the one electrode and other
electrode of the electrooptical element, and f3 is a gain
value proportional to the mobility found by the mobil-
ity obtaining unit.

32. The display device according to claim 17, wherein
when one of the first-level voltage and the second-level
voltage that is different than the first power supply voltage
is defined as a second power supply voltage, the power
supply voltage control unit changes a value of the second
power supply voltage in a same direction as a direction in
which the value of the first power supply voltage changes
and by a same value as a changed value of the first power
supply voltage.

33. (canceled)

34. A method for driving a display device including: a
plurality of pixel circuits, each including an electrooptical
element whose luminance is controlled by a current, and a
drive transistor configured to control a current to be supplied
to the electrooptical element; a plurality of data lines con-
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figured to supply data voltages for grayscale display to the
plurality of pixel circuits; and a data line drive circuit
configured to apply the data voltages to the plurality of data
lines, the method comprising:

an amount-of-threshold-voltage-change obtaining step of

finding an amount of change in threshold voltage of a

target circuit element, at least either one of the drive

transistor and the electrooptical element serving as the
target circuit element; and

a power supply voltage controlling step of controlling at
least a value of a first power supply voltage, the first
power supply voltage being one of a first-level voltage
and a second-level voltage, the first-level voltage and
the second-level voltage being supplied to the plurality
of pixel circuits, wherein

in each of the plurality of pixel circuits,

a data voltage supplied by a corresponding data line is
provided to a control terminal of the drive transistor,

the second-level voltage is provided to a first conduc-
tion terminal of the drive transistor,

a second conduction terminal of the drive transistor is
connected to one electrode of the electrooptical
element, and

the first-level voltage is provided to an other electrode
of the electrooptical element, and

in the power supply voltage controlling step, the value of
the first power supply voltage is controlled depending
on the amount of change found in the amount-of-
threshold-voltage-change obtaining step.
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