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(57) ABSTRACT

An organic EL display device includes: a plurality of pixels
each of which includes an organic EL element that emits
light according to a supplied pixel current ,,, a drive
transistor that supplies the pixel current I, to the organic EL
element, and a holding capacitor connected between a gate
and a source of the drive transistor; and a control unit that,
in a display state of causing the organic EL element to emit
light in a part of the plurality of pixels and changing a
voltage of the holding capacitor to a threshold voltage of the
drive transistor in another part of the plurality of pixels,
applies a drain voltage of the drive transistor of a pixel in the
other part independently of the drain voltage of the drive
transistor of a pixel in the part.
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FIG. 4B
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DISPLAY DEVICE AND METHOD FOR
DRIVING SAME

TECHNICAL FIELD

[0001] The present invention relates to a display device
having a plurality of pixels and a method for driving the
samie.

BACKGROUND ART

[0002] As display devices that use current-driven light
emitting elements, display devices using organic electrolu-
minescent (EL) elements are known. Organic EL display
devices using organic EL elements which emit light are
optimal for thinner devices as no backlight required for
liquid crystal display devices is necessary. Organic EL
display devices also have unlimited viewing angle. Organic
EL display devices are therefore expected to be in practical
use as next-generation display devices.

[0003] For example, Patent Literature (PTL) 1 discloses a
structure for realizing higher-resolution pixels by improving
power lines in an active matrix display device.

CITATION LIST
Patent Literature

[PTL 1]

[0004] Japanese Unexamined Patent Application Publica-
tion No. 2008-65199

SUMMARY OF INVENTION

Technical Problem

[0005] However, such a display device that compensates
the threshold voltage of each drive transistor and emits light
may have display unevenness, i.e. a decrease in display
uniformity.

[0006] In view of this, the present disclosure provides a
display device that can prevent a decrease in display uni-
formity and a method for driving the same.

Solution to Problem

[0007] A display device according to one aspect of the
present disclosure is a display device including: a plurality
of pixels each of which includes a light emitting element that
emits light according to a supplied current, a drive transistor
that supplies the current to the light emitting element, and a
holding capacitor connected between a gate and a source of
the drive transistor; and a control unit that, in a display state
of causing the light emitting element to emit light in a part
of the plurality of pixels and changing a voltage of the
holding capacitor to a threshold voltage of the drive tran-
sistor in an other part of the plurality of pixels, applies a
drain voltage of the drive transistor of a pixel in the other
part independently of the drain voltage of the drive transistor
of a pixel in the part.

Advantageous Effects of Invention

[0008] With the display device, etc. according to the
present disclosure, a decrease in display uniformity can be
prevented.
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BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1is a block diagram illustrating the schematic
structure of an organic EL display device according to an
embodiment.

[0010] FIG. 2 is a circuit diagram illustrating the circuit
structure of a pixel in the organic EL display device accord-
ing to the embodiment.

[0011] FIG. 3 is a timing chart illustrating the operation of
the pixel in the organic EL display device according to the
embodiment.

[0012] FIG. 4A is a diagram illustrating the state of the
pixel in a Vth detection period in FIG. 3.

[0013] FIG. 4B is a diagram illustrating the state of the
pixel in a light emission period in FIG. 3.

[0014] FIG. 5 is a graph illustrating the I-V characteristics
of a drive transistor.

[0015] FIG. 6 is a diagram illustrating the display state of
the organic EL display device according to the embodiment,
where (a) is a timing chart illustrating the operation of the
organic EL display device and (b) is a diagram schematically
illustrating the state of a display area at time 20 in (a),
[0016] FIG. 7 is a circuit diagram illustrating the circuit
structure of a pixel in an organic EL display device accord-
ing to a comparative example.

[0017] FIG. 8 is a diagram illustrating the state of the pixel
in a Vth detection period in the organic EL display device
according to the comparative example.

[0018] FIG. 9 is a diagram schematically illustrating the
layout of a second VDD line and a RESET line in the organic
EL display device according to the embodiment.

[0019] FIG. 10 is a circuit diagram illustrating the circuit
structure of a pixel in an organic EL display device accord-
ing to Variation 1.

[0020] FIG. 11 is a circuit diagram illustrating the circuit
structure of a pixel in an organic EL display device accord-
ing to Variation 2.

[0021] FIG. 12 is a circuit diagram illustrating the circuit
structure of a pixel in an organic EL display device accord-
ing to Variation 3.

[0022] FIG. 13 is a circuit diagram illustrating the circuit
structure of a pixel in an organic EL display device accord-
ing to Variation 4.

[0023] FIG. 14 is an appearance diagram of a thin flat
television including a display device according to the pres-
ent disclosure.

DESCRIPTION OF EMBODIMENTS

[0024] The following describes a display device and a
driving method according to one aspect of the present
disclosure in detail, with reference to drawings. In the
following, description detailed more than necessary may be
omitted. For example, detailed description of well-known
matters or repeated description of the substantially same
structures may be omitted. This is to avoid unnecessarily
redundant description and facilitate the understanding of a
person skilled in the art.

[0025] The accompanying drawings and the following
description are provided to help a person skilled in the art to
fully understand the present disclosure, and are not intended
to limit the subject matter defined in the appended claims.
For example, the numerical values, structural elements,
arrangement and connection of the structural elements, etc.
shown in the following embodiment are mere examples, and
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do not limit the scope of the present disclosure. Of the
structural elements in the embodiment described below, the
structural elements not recited in any one of the independent
claims representing the broadest concepts are described as
optional structural elements. The drawings are schematics,
and are not necessarily precise illustrations. The following
describes an organic EL display device using organic EL
elements as light emitting elements, as one aspect of a
display device according to the present disclosure.

Embodiment

[0026] An organic EL display device according to this
embodiment is described in detail below.

[1. Structure of Organic EL Display Device]

[0027] The structure of the organic EL display device
according to this embodiment is described first, with refer-
ence to FIGS. 1 and 2. FIG. 1 is a block diagram illustrating
the schematic structure of the organic EL display device
according to this embodiment. FIG. 2 is a circuit diagram
illustrating the circuit structure of a pixel in the organic EL
display device according to this embodiment.

[0028] An organic EL display device 1 illustrated in FIG.
1 includes a display area 2 and a control unit 3. The display
area 2 has the below-mentioned pixels 4 arranged in a
matrix. The control unit 3 performs various controls on the
plurality of pixels 4 arranged in the display area 2, and
includes a timing control circuit 5, a scan line drive circuit
6, a signal line drive circuit 7, and a voltage control circuit
8. A plurality of pixels 4 arranged in correspondence with
the same scan line are hereafter referred to as “display line”
as appropriate.

[0029] The timing control circuit 5 performs, for example,
synchronization between the scan line drive circuit 6 and the
signal line drive circuit 7 and timing control on the operation
of the organic EL display device 1 per frame.

[0030] The scan line drive circuit 6 drives each scan line
in the display area 2 based on control signals from the timing
control circuit 5. In detail, the scan line drive circuit 6
outputs a SCAN signal, an ENABLE signal, and RESET] to
RESETS3 signals to each pixel 4 at least in units of display
lines, based on a vertical synchronization signal and a
horizontal synchronization signal. In the example of the
pixel illustrated in FIG. 2, these signals are output to a
SCAN line 61, an ENABLE line 62, and RESET lines 63 to
65, and used to control on and off of the connected transis-
tors (switches).

[0031] The signal line drive circuit 7 drives each signal
line (a DATA line 71 in FIG. 2) in the display area 2 based
on control signals from the timing control circuit 5. In detail,
the signal line drive circuit 7 outputs, to each pixel 4, a signal
voltage DATA indicating the luminance of the pixel 4, based
on a video signal and a horizontal synchronization signal.
The signal voltage DATA is output to the DATA line 71 in
FIG. 2, and used to designate the luminance of the connected
pixel 4.

[0032] The voltage control circuit 8 supplies various
power voltages to the display area 2. In the example of the
pixel illustrated in FIG. 2, these power voltages are VDDI1
(positive power voltage), VDD2 (positive power voltage),
VSS (negative power voltage), VREF, and VRST, and are
each supplied to the pixel 4 via a power line. The terms
“positive power voltage” and “negative power voltage” here
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do not mean a higher power voltage and a lower power
voltage with respect to GND, but simply mean voltages in
the relationship “(positive power voltage)>(negative power
voltage)”,

[0033] The organic EL display device 1 may have, for
example, a central processing unit (CPU), a storage medium
such as read only memory (ROM) storing a control program,
working memory such as random access memory (RAM),
and a communication circuit, although not illustrated. For
example, the signal voltage DATA may be generated by the
CPU executing the control program.

[2. Circuit Structure of Pixel]

[0034] The circuit structure of the pixel 4 illustrated in
FIG. 2 is described next.

[0035] The pixel 4 includes an organic EL element 9 that
emits light according to a supplied current, a drive transistor
Qd that supplies the current (pixel current) to the organic EL
element 9, and a holding capacitor Cs connected between the
gate and source of the drive transistor Qd. The organic EL
element 9 emits light at the luminance corresponding to the
signal voltage DATA supplied via the DATA line 71. The
pixel 4 also includes the drive transistor Qd, a transistor
Qscan, a transistor Qref, a transistor Qrst, a transistor Qenb
(first switch), and a transistor Qdet (second switch). The
pixel 4 is connected with the SCAN line 61, the ENABLE
line 62, the RESET line 63, the RESET line 64, the RESET
line 65 (control lines), and the DATA line 71, and also
connected with a VREF line 83, a first VDD line 81 (first
power line), a VSS line 82 (common line), a VRST line 84,
and a second VDD line 85 (second power line) as power
lines.

[0036] The VREF line 83 is a power line for supplying a
reference voltage VREF (e.g. 3 V) based on which the
threshold voltage of the drive transistor Qd is detected. The
first VDD line 81 is a power line supplied with the positive
power voltage VDDI (e.g. 20 V), for supplying the current
(pixel current) for causing the organic EL element 9 to emit
light. The VSS line 82 is a power line supplied with the
negative power voltage VSS (e.g. 0 V) and connected to a
cathode 92 of the organic FL element 9. The VRST line 84
is a power line supplied with the voltage VRST (e.g. -5 V),
for resetting the voltages of the organic EL element 9 and
holding capacitor Cs. The second VDD line 85 is a power
line supplied with the positive power voltage VDD?2 (e.g. 20
V oor 10 V), for supplying a current (threshold detection
current) for detecting the threshold voltage of the drive
transistor Qd.

[0037] Thus, the organic EL display device 1 according to
this embodiment includes the first VDD line 81 and the
second VDD line 85 as power lines for supplying positive
power voltages to the plurality of pixels 4.

[0038] For example, each of the first VDD line 81 and
second VDD line 85 extends in the pixel column arrange-
ment direction (i.e. the row direction) so as to correspond to
each display line in the display area 2. In other words, the
plurality of first VDD lines 81 arranged in the display area
2 are separate from each other in the display area 2.
Likewise, the plurality of second VDD lines 85 arranged in
the display area 2 are separate from each other in the display
area 2. Moreover, the plurality of first VDD lines 81 and
plurality of second VDD lines 85 arranged in the display
area 2 are in parallel with each other. Meanwhile, the layout
of the first VDD lines 81 and second VDD lines 85 outside
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the display area 2 is not limited. For example, the plurality
of first VDD lines 81 arranged in the display area 2 may be
connected to each other outside the display area 2, or be
separate from each other outside the display area 2. The
same applies to the plurality of second VDD lines 85
arranged in the display area 2.

[0039] The plurality of first VDD lines 81 may be formed
like meshes in the display area 2.

[0040] Let Vgpeak be the maximum voltage of the gate of
the drive transistor Qd, and Vth be the threshold voltage of
the drive transistor Qd. The voltage VDD1 of the first VDD
line 81 and the voltage VDD2 of'the second VDD line 85 are
set as follows, to cause the drive transistor Qd to operate in
a saturated region:

[0041] VDDI1>Vgpeak-Vth

[0042] VDD2>VREF-Vth

[0043] VDDI>VDD?2 can be set from Vgpeak>VREF.
[0044] Hence, the first VDD line 81 can supply the current

(pixel current) in the below-mentioned light emission opera-
tion. Moreover, the second VDD line 85 can supply the
current (threshold detection current) for detecting the thresh-
old voltage of the drive transistor Qd in the below-men-
tioned threshold voltage compensation operation. By setting
VDDI1>VDD2, power consumption in the Vth detection
operation can be reduced.

[0045] The organic EL element 9 emits the amount of light
corresponding to the current supplied from the drive tran-
sistor Qd. The organic EL element 9 has a cathode 92
connected to the VS8 line 82, and an anode 91 connected to
the source of the drive transistor Qd.

[0046] The drive transistor Qd is a voltage-driven drive
element that controls the supply of current to the organic EL
element 9, and passes the current (pixel current) through the
organic EL element 9 to cause the organic EL element 9 to
emit light. In detail, the drive transistor Qd has a gate
connected to a first electrode of the holding capacitor Cs,
and a source connected to a second electrode of the holding
capacitor Cs and the anode 91 of the organic EL element 9.
The drive transistor Qd can thus pass the current (pixel
current) corresponding to the voltage held in the holding
capacitor Cs, through the organic EL element 9. In other
words, the organic EL display device 1 can cause the organic
EL element 9 to emit light at the luminance corresponding
to the voltage held in the holding capacitor Cs by the light
emission operation.

[0047] The threshold voltage of the drive transistor Qd
may vary among the pixels 4 due to an initial distribution at
the time of formation of the TFT substrate provided with the
drive transistor Qd or a temporal threshold voltage shift. The
effect of such variation can be suppressed by the threshold
voltage compensation operation. The threshold voltage com-
pensation operation is an operation of setting, in the holding
capacitor Cs in each pixel 4, the voltage obtained by adding
the voltage corresponding to the signal voltage DATA to the
voltage equivalent to the threshold voltage of the corre-
sponding drive transistor Qd.

[0048] The light emission operation and the threshold
voltage compensation operation will be described in detail
later.

[0049] The holding capacitor Cs holds the threshold volt-
age of the drive transistor Qd, and further holds the signal
voltage DATA for which the threshold voltage of the drive
transistor Qd has been compensated using the held threshold
voltage and the signal voltage DATA supplied from the
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DATA line 71. In detail, the second electrode of the holding
capacitor Cs is connected to a node connecting the source
(the VSS line 82 side) of the drive transistor Qd and the
anode 91 of the organic EL element 9. The first electrode of
the holding capacitor Cs is connected to the gate of the drive
transistor Qd. The first electrode of the holding capacitor Cs
is also connected to the VREF line 83 via the transistor Qref.
[0050] The transistor Qscan switches the state between the
DATA line 71 for supplying the signal voltage DATA and the
first electrode of the holding capacitor Cs, between conduc-
tion and nonconduction. In detail, the transistor Qscan is a
switching transistor that has one of a drain and source
connected to the DATA line 71, the other one of the drain and
source connected to the first electrode of the holding capaci-
tor Cs, and a gate connected to the SCAN line 61. In other
words, the transistor Qscan has a function of writing the
voltage corresponding to the signal voltage DATA supplied
via the DATA line 71 to the holding capacitor Cs.

[0051] The transistor Qref switches the state between the
VREF line 83 for supplying the reference voltage VREF and
the first electrode of the holding capacitor Cs, between
conduction and nonconduction. In detail, the transistor Qref
is a switching transistor that has one of a drain and source
connected to the VREF line 83, the other one of the drain
and source connected to the first electrode of the holding
capacitor Cs, and a gate connected to the RESET line 63. In
other words, the transistor Qref has a function of supplying
the reference voltage (VREF) to the first electrode of the
holding capacitor Cs (the gate of the drive transistor Qd).
[0052] The transistor Qrst switches the state between the
second electrode of the holding capacitor Cs and the VRST
line 84, between conduction and nonconduction. In detail,
the transistor Qrst is a switching transistor that has one of a
drain and source connected to the VRST line 84, the other
one of the drain and source connected to the anode 91 of the
organic EL element 9 and the second electrode of the
holding capacitor Cs, and a gate connected to the RESET
line 64. In other words, the transistor Qrst has a function of
supplying the reset voltage (VRST) to the anode 91 of the
organic EL element 9 and the second electrode of the
holding capacitor Cs (the source of the drive transistor Qd).
[0053] The transistor Qenb switches the state between the
first VDD line 81 and the drain of the drive transistor Qd,
between conduction and nonconduction. In detail, the tran-
sistor Qenb is a switching transistor that has one of a drain
and source connected to the first VDD line 81 (VDD1), the
other one of the drain and source connected to the drain of
the drive transistor Qd, and a gate connected to the
ENABLE line 62. In the light emission operation of the pixel
4, i.e. when the drive transistor Qd supplies the current
(pixel current) to the organic EL element 9, the transistor
Qenb is turned on to cause conduction between the first
VDD line 81 and the drain of the drive transistor Qd.
[0054] The transistor Qdet switches the state between the
second VDD line 85 and the drain of the drive transistor Qd,
between conduction and nonconduction. In detail, the tran-
sistor Qdet is a switching transistor that has one of a drain
and source connected to the second VDD line 85 (VDD2),
the other one of the drain and source connected to the drain
of the drive transistor Qd, and a gate connected to the
RESET line 65. In the threshold voltage compensation
operation of the pixel 4, the transistor Qdet is turned on to
cause conduction between the second VDD line 85 and the
drain of the drive transistor Qd.
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[0055] With the structure of the pixel 4 described above,
the organic EL display device 1 can compensate the thresh-
old voltage of the drive transistor Qd accurately. The organic
EL display device 1 can accordingly prevent a decrease in
display uniformity. This mechanism be described in detail
later in the description of the operation.

[0056] Although the following description assumes that
the plurality of switching transistors (the transistors Qscan,
Qref, Qrst, Qenb, and Qdet) in the pixel 4 are n-type TFTs,
this is not a limitation. The plurality of switching transistors
may be p-type TFTs. Alternatively, the plurality of switching
transistors may be a combination of n-type and p-type TFTs,

[3. Operation of Organic EL Display Device]

[0057] The operation of the organic EL display device 1
having the aforementioned structure is described below,
with reference to FIGS. 3, 4A, and 4B. Each operation
described below is executed by the control unit 3. FIG. 3 is
a timing chart illustrating the operation of the pixel 4 in the
organic EL display device 1 according to this embodiment.
In FIG. 3, the SCNA signal supplied to the SCAN line 61,
the ENABLE signal supplied to the ENABLE line 62, the
RESET1 signal supplied to the RESET line 63, the RESET2
signal supplied to the RESET line 64, and the RESET3
signal supplied to the RESET line 65 are illustrated in this
order from above. FIG. 4A is a diagram illustrating the state
of the pixel 4 in a Vth (threshold) detection period in FIG.
3. FIG. 4B is a diagram illustrating the state of the pixel 4
in a light emission period in FIG. 3.

<Time t10 to t11: EL Reset Period>

[0058] In an EL reset period from time t10 to t11 in FIG.
3, only the voltage level of the RESET2 signal is HIGH, to
bring only the transistor Qrst into conduction.

[0059] As a result, the charge held in the capacitive
component CEL of the organic EL element 9 can be reset.
Thus, the source voltage of the drive transistor Qd is
promptly set to the voltage VRST of the VRST line 84.

<Time t11 to t12: Cs Reset Period>

[0060] Next, at time t11, the voltage level of the RESET1
signal changes from LOW to HIGH. Hence, at time t11, the
transistor Qref is brought into conduction (on). As a result,
in the period up to time t12, the charge held in the holding
capacitor Cs can be reset. Thus, the gate voltage of the drive
transistor Qd is set to the voltage VREF ofthe VREF line 83.
[0061] Although the RESET2 signal rises at time t10 and
the RESET1 signal rises at time t11 in the timing chart in
FIG. 3, the charge held in the holding capacitor Cs can be
reset in the period up to time t12 even in the case where the
RESET?2 signal rises at time t11 and the RESET]1 signal rises
at time t10.

[0062] Here, the gate-source voltage of the drive transistor
Qd at time t12 (Cs reset period end time) needs to be set to
such an initial voltage that ensures an initial drain current
necessary for the threshold voltage compensation operation
performed after the Cs reset period. In detail, the initial
voltage needs to a voltage that is higher than the threshold
voltage Vith of the drive transistor Qd and does not cause the
organic EL element 9 to emit light. Accordingly, the poten-
tial difference between the voltage VREF of the VREF line
83 and the voltage VRST of the VRST line 84 is set to a
voltage higher than the maximum threshold voltage of the
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drive transistor Qd (VREF-VRST>Vth). In addition, the
voltages VREF and VRST are set to such voltages that
satisfy the following two expressions so that the organic EL
element 9 does not emit light, where VEL is the forward-
current threshold voltage of the organic EL element 9.

[0063] VRST<VSS+VEL
[0064] VREF<VSS+VEL+Vth
[0065] Subsequently. at time t12, the voltage level of the

RESET?2 signal changes from HIGH to LOW, to bring the
transistor Qrst out of conduction (off).

<Time t13 to t14: Vth Detection Period>

[0066] Next, at time t13, the voltage level of the RESET3
signal changes from LOW to HIGH, to bring the transistor
Qdet into conduction (on).

[0067] As a result, the threshold detection current i,,,,
starts to flow from the drain to source of the drive transistor
Qd, as illustrated in FIG. 4A. Thus, at time t13, the threshold
detection current i, starts to flow from the second VDD
line 85, so that charging the holding capacitor Cs and the
capacitive component CEL of the organic ELL element 9
starts. Subsequently, as the holding capacitor Cs and the
capacitive component CEL are being charged, the source
voltage of the drive transistor Qd increases. In detail, the
source voltage of the drive transistor Qd changes so that the
gate-source voltage of the drive transistor Qd reaches the
threshold voltage Vth of the drive transistor Qd.

[0068] After this, at time t14, the voltage level of the
RESET3 signal changes from HIGH to LOW, to bring the
transistor Qdet out of conduction (off). As a result, the
supply of the threshold detection current i,,,,,, is stopped. It
is desirable that, at time 14, the threshold detection current

1,0g 15 @ sufficiently low current level and is less than the
maximum value of the pixel current i, in the light emission
period. Accordingly, W/L, which is a size parameter of each
of Qenb and Qdet, may be lower in Qdet than in Qenb. This
reduces the area necessary for the pixel circuit. Here, W is
the channel width of the TFT, and L is the channel length of
the TFT.

[0069] After this, in the period of time t14 to t15, the
voltage level of the RESET1 signal changes from HIGH to
LOW, to bring the transistor Qref out of conduction (off). As
a result, the voltage of the holding capacitor Cs is held. In
other words, the threshold voltage Vth of the drive transistor
Qd detected in the period of time t14 to t15 is held as the
voltage of the holding capacitor Cs.

[0070] Thus, the organic EL display device 1 performs the
threshold voltage compensation operation by turning the
transistors Qscan, Qenb, and Qrst off and the transistors Qref
and Qdet on. In detail, the organic EL display device 1
detects the threshold voltage of the drive transistor Qd, by
supplying the voltage VDD2 to the drain of the drive
transistor Qd in a state where the voltage of the gate of the
drive transistor Qd is fixed and the source of the drive
transistor Qd is floating.

[0071] The threshold voltage detected by the threshold
voltage compensation operation may be different from the
original threshold voltage due to various conditions (the
length of the Vth detection period, a voltage drop of power
voltage, etc.). Accordingly, hereafter the threshold voltage
detected by the threshold voltage compensation operation
may be denoted by Vth_m and the original threshold voltage
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by Vth_t to distinguish them. The original threshold voltage
1s, for example, determined by the device parameters of the
drive transistor Qd.

[0072] Alternatively, the RESET1 signal may fall at time
t14 and the RESET3 signal fall in the period of time t14 to
t15.

<Time t15 to t16: Write Period>

[0073] Next, at time t15, the voltage level of the SCAN
signal changes from LOW to HIGH, to bring the transistor
Qscan into conduction (on). As a result, the first electrode of
the holding capacitor Cs is supplied with the signal voltage
DATA from the DATA line 71.

[0074] After this, at time t16, the voltage level of the
SCAN signal changes from HIGH to LOW, to bring the
transistor Qscan out of conduction (off). As a result, in
addition to the threshold voltage Vth_m of the drive tran-
sistor Qd detected in the Vth detection period, the voltage
obtained by capacitance-dividing the potential difference
between the signal voltage DATA (VDATA in the expres-
sion) and the voltage VREF of the VREF line 83 by the
capacitance Cr; Of the capacitive component CEL of the
organic EL element 9 and the capacitance C; of the holding
capacitor Cs is held in the holding capacitor Cs. The
gate-source voltage Vgs of the drive transistor is defined by
the following Expression 1.

[Math. 1]

c N
2L (VDATA- VREF) + Vi_in (Expression 1)

Vgs =
Cs+Cpr,

<Time t17 Onward: Light Emission Period>

[0075] Next, at time t17, the voltage level of the ENABLE
signal changes from LOW to HIGH, to bring the transistor
Qenb into conduction (on). As a result, the pixel current i,,,,
starts to flow from the drain to source of the drive transistor
Qd, as Illustrated in FIG. 4B. The drive transistor Qd thus
supplies the pixel current i,,, from the first VDD line 81 to
the organic EL element 9, according to the voltage held in
the holding capacitor Cs. This causes the organic EL element

9 to emit light.

[0076]
Expression 2.

The pixel current i,

is defined by the following

[Math. 2]

Expression 2
(Ves — Vin_t?. (Exp 2

S~

ipix =

[0077] Substituting Expression 1 into this expression
yields the pixel current i, defined by the following Expres-
sion 3.
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[Math. 3]
C 2 (Expression 3)
i = E(—EL (VDATA — VREF) + Vth_m - Vth,t) ) P
2\ Cs + Cgy,

[0078] Here, p is a coeflicient that depends on the mobility
1, gate insulating film capacitance Cox, channel length L,
and channel width W of the drive transistor Qd, and is
defined by the following Expression 4.

B=(W/L)-uCox

[0079] As is clear from Expression 3, when the threshold
voltage Vth_m detected by the threshold voltage compen-
sation operation is closer to the original threshold voltage
Vih_t, the organic EL display device 1 can compensate the
threshold voltage of the drive transistor Qd more accurately
to emit light.
[0080] By the aforementioned operation, the organic EL
display device 1 according to this embodiment can compen-
sate the threshold voltage of the drive transistor Qd in each
pixel 4 and emit light.

(Expression 4).

[4. Mechanism for Preventing Decrease in Display
Uniformity]

[0081] As mentioned above, the threshold voltage Vth_m
detected by the threshold voltage compensation operation
needs to be as close to the original threshold voltage Vth_t
as possible, in order to accurately compensate the threshold
voltage of the drive transistor to emit light. However, the
threshold voltage Vth_m detected by the threshold voltage
compensation operation may vary due to various conditions.
In other words, the detection accuracy of the threshold
voltage Vth_m may vary. In such a case, there is a possibility
of a decrease in display uniformity of the display area 2 even
when the same signal voltage DATA is supplied to all pixels
4.

[0082] In view of this, the organic EL display device 1
according to this embodiment prevents a decrease in display
uniformity by uniformizing the detection accuracy of the
threshold voltage Vth_m detected by the threshold voltage
compensation operation. This mechanism is described
below, with reference to FIGS. 5 to 8 in addition to the
foregoing FIGS. 4A and 4B.

[0083] FIG. 5 is a graph illustrating the I-V characteristics
of the drive transistor Qd. FIG. 6 is a diagram illustrating the
display state of the organic EL display device 1 according to
this embodiment, where (a) is a timing chart illustrating the
Vth detection and light emission operation of the organic EL
display device 1 and (b) is a diagram schematically illus-
trating the state of the display area at time 20 in (a). FIG.
7 is a circuit diagram illustrating the circuit structure of a
pixel 904 in an organic EL display device according to a
comparative example. FIG. 8 is a diagram illustrating the
state of the pixel 904 in the Vth detection period in the
organic EL display device according to the comparative
example.

[0084] The organic EL display device according to the
comparative example is similar to the organic EL display
device 1 according to this embodiment, but differs in that the
second VDD line 85 and the transistor Qdet are not included,
and the transistor Qenb causes conduction between the first
VDD line 81 and the drain of the drive transistor Qd to
supply the threshold detection current i, in the threshold
voltage compensation operation.
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[4-1. Effect of Drain Voltage of Drive Transistor on
Detection Accuracy of Threshold Voltage]

[0085] FIG. 5 illustrates the drain current Ids with respect
to the gate-source voltage Vgs of the drive transistor Qd in
the case where the drain-source voltage Vds of the drive
transistor Qd is Vds1 and in the case where Vds is Vds2
(where Vds2<Vdsl).

[0086] As illustrated in FIG. 5, the drain current Ids of the
drive transistor Qd not only depends on the gate-source
voltage Vgs of the drive transistor Qd but also depends on
the drain-source voltage Vds of the drive transistor Qd.
[0087] Here, the threshold voltage Vth_m of the drive
transistor Qd which is the voltage held in the holding
capacitor Cs after the Vth detection period (time t15 onward
in FIG. 3) is the gate-source voltage Vgs of the drive
transistor Qd at the end of the Vth detection period (time t15
in FIG. 3).

[0088] The threshold voltage Vth_m detected in the Vth
detection period thus depends on the drain-source voltage
Vds of the drive transistor Qd. Therefore, to uniformize the
detection accuracy of the threshold voltage in the display
area 2, the drain voltage of the drive transistor Qd in the
threshold voltage compensation operation needs to be uni-
formized in the display area 2.

[4-2. Display State of Display Area]

[0089] For example, the organic EL display device 1
according to this embodiment performs the light emission
operation and the threshold voltage compensation operation
on the display lines sequentially (row sequential), as illus-
trated in (a) in FIG. 6. The control unit 3 thus drives and
scans the display lines in the display area 2 sequentially (row
sequential). Therefore, in the organic EL display device 1,
the operation (light emission operation) of the light emission
period (from t17 in FIG. 3) for causing the organic EL
element 9 to emit light is performed in a part of the plurality
of pixels 4 (part of the display lines), and the operation
(threshold voltage compensation operation) of the Vth
detection period (t13 to t14 in FIG. 3) for changing the
voltage of the holding capacitor Cs to the threshold voltage
of the drive transistor Qd is performed in the other part of the
plurality of pixels 4 (the other part of the display lines), as
illustrated in (b) in FIG. 6. In other words, in the organic EL
display device 1, a part of the plurality of pixels 4 (part of
the display lines) is in the state illustrated in FIG. 4B, and the
other part of the plurality of pixels 4 (the other part of the
display lines) is in the state illustrated in FIG. 4A.

[0090] Here, the voltage of the first VDD line 81 fluctuates
relatively widely due to the pixel current i, flowing through
the pixel 4 in the light emission period in FIG. 4B. In other
words, the voltage of the first VDD line 81 fluctuates
relatively widely due to a voltage drop by the pixel current
i,4,- This may cause the following problem in the pixel 904
in the comparative example illustrated in FIG. 7.

[0091] In the pixel 904 in the comparative example, the
transistor Qenb is on in the Vth detection period, as a result
of which the threshold detection current i,,,,,, flows from the
first VDD line 81 and the threshold voltage Vth_m of the
drive transistor Qd is detected as illustrated in FIG. 8.
[0092] The detection accuracy of the threshold voltage
Vth_m detected here is, however, affected by the drain
voltage of the drive transistor Qd as mentioned above. In the
pixel 904 in the comparative example, the drain of the drive
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transistor Qd and the first VDD line 81 are in conduction
with each other in the Vth detection period. The detection
accuracy of the threshold voltage Vth_m is therefore
affected by the voltage of the first VDD line 81.

[0093] Since the voltage of the first VDD line 81 fluctuates
relatively widely as mentioned above, the pixel 904 in the
comparative example has a problem in that the detection
accuracy of the threshold voltage Vth_m fluctuates rela-
tively widely depending on the display pattern of the display
area.

[0094] In this embodiment, on the other hand, in a display
state of causing a part of the plurality of pixels 4 to perform
the light emission operation and the other part of the
plurality of pixels 4 to perform the threshold voltage com-
pensation operation, the control unit 3 applies the drain
voltage of the drive transistor Qd of each pixel 4 in the other
part independently of the drain voltage of the drive transistor
Qd of each pixel 4 in the part.

[0095] This suppresses the fluctuation of the drain voltage
of the drive transistor Qd in the Vth detection period, with
it being possible to uniformize the detection accuracy of the
threshold voltage Vth_m. The organic EL display device 1
according to this embodiment thus prevents a decrease in
display uniformity.

[0096] In detail, the organic EL display device 1 according
to this embodiment includes the first VDD line 81 (first
power line) and the second VDD line 85 (second power line)
for supplying power voltages to the plurality of pixels 4.
Each pixel 4 includes the transistor Qenb (first switch)
provided in the current path of the current (pixel current i)
supplied to the organic EL element 9 via the first VDD line
81, and the transistor Qdet (second switch) for switching the
state between the second VDD line 85 and the drain of the
drive transistor Qd between conduction and nonconduction.
[0097] In more detail, the control unit 3 turns the switch
Qenb on and the switch Qdet off in each pixel 4 in the part
and turns the switch Qenb off and the switch Qdet on in each
pixel 4 in the other part, to apply the drain voltage of the
drive transistor Qd of each pixel 4 in the other part inde-
pendently of the drain voltage of the drive transistor Qd of
each pixel 4 in the part.

[0098] Thus, the drain voltage of the drive transistor Qd in
the Vth detection period is applied independently of the
voltage of the first VDD line 81 affected by the light
emission operation (such as a voltage drop by the pixel
current i,,.). The accuracy of the threshold voltage Vth_m
detected by the threshold voltage compensation operation
can be uniformized in this way.

[0099] The expression “applying the voltage indepen-
dently” means that the change of one voltage is unlikely to
affect the change of the other voltage. For example, in the
case where one voltage changes from V11 to V12 (different
from V11) by AV1, the other voltage remains unchanged at
V21. Here, the other voltage may change from V21 to V22
by AV?2 as long as the timing of the change differs from that
of the voltage, that is, as long as their timings are irrelevant
to each other. The relationship between V11 and V21 is not
limited, and V11 and V21 may be different or the same.

[5. Advantageous Effects]

[0100] As described above, the organic EL display device
1 according to this embodiment includes: a plurality of
pixels 4 each of which includes an organic EL element 9
(light emitting element) that emits light according to a
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supplied pixel current i,,,, a drive transistor Qd that supplies
the pixel current i, to the organic EL element 9, and a
holding capacitor Cs connected between a gate and a source
of the drive transistor Qd; and a control unit 3 that, in a
display state of causing the organic EL element 9 to emit
light in a part of the plurality of pixels 4 and changing a
voltage of the holding capacitor Cs to a threshold voltage of
the drive transistor Qd in an other part of the plurality of
pixels 4, applies a drain voltage of the drive transistor Qd of
a pixel 4 in the other part independently of the drain voltage
of the drive transistor Qd of a pixel 4 in the part.

[0101] Thus, in the pixel 4 in which the voltage of the
holding capacitor Cs is changed to the threshold voltage of
the drive transistor Qd, the effect of the current (pixel
current) flowing through the pixel 4 in which the organic EL
element 9 is emitting light on the drain voltage of the drive
transistor Qd can be reduced. The detection accuracy of the
threshold voltage of the drive transistor Qd can be uni-
formized in this way. In other words, the dependence of the
detection accuracy of the threshold voltage on the display
pattern of the display area 2 or the position of the pixel 4 in
the display area 2 can be suppressed. The organic EL display
device 1 according to this embodiment can therefore prevent
a decrease in display uniformity.

[0102] The second VDD line 85 may be provided for each
display line (row) of the plurality of pixels 4. For example,
the second VDD line 85 may be located as illustrated in FIG.
9. F1G. 9 is a diagram schematically illustrating the layout
of the second VDD line 85 and RESET line 65 in the organic
EL display device 1 according to this embodiment.

[0103] As illustrated in FIG. 9, the second VDD line 85
may be provided for each display line (row) of the plurality
of pixels 4, in parallel with the RESET line 65 (control line)
corresponding to the display line.

[0104] The RESET line 65 is a line that is provided for
each display line of the plurality of pixels arranged in a
matrix, to designate the timing of bringing the switch Qdet
(second switch) into or out of conduction. The RESET line
65 is supplied with the RESET3 signal for turning on or off
the transistor Qdet. The voltage of the RESET line 65
changes as the level of the RESET3 signal changes between
HIGH and LOW.

[0105] Hence, in the case where the second VDD line 85
corresponding to a display line in which the threshold
voltage compensation operation is being performed inter-
sects, in a planar view, with the RESET line 65 whose
voltage level changes from HIGH to LOW ar from LOW to
HIGH in the Vith detection period (time t13 to t14 in FIG. 3)
of the display line, the second VDD line 85 constantly keeps
supplying current because the plurality of pixels connected
to the second VDD line 85 perform the Vth detection
operation at different timings, which may make the voltage
of the second VDD line 85 unstable. In such a case, there is
a possibility of a decrease in display uniformity. In the case
where the second VDD line 85 is in parallel with the RESET
line 65, on the other hand, the pixels are connected to the
second VDD line 85 in units of rows in the Vth detection
period, and the current supplied by the second VDD line 85
decreases at the end of the Vth detection period. The voltage
of the second VDD line 85 is stable in this case, so that a
decrease in display uniformity caused by the threshold
voltage compensation operation can be prevented.

[0106] In this embodiment, the drive transistor Qd is an
n-type transistor, and the organic EL element 9 has an anode
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91 connected to the source of the drive transistor Qd, and a
cathode 92 connected to a VSS line 82 which is a common
line provided in common to at least a part of the plurality of
pixels 4.

[0107] Here, when a voltage (VSS) of the VSS line 82 is
a reference voltage, a difference between the drain voltage
(VDD2) of the drive transistor Qd and the reference voltage
(VSS) in the threshold voltage compensation operation may
be less than a difference between the drain voltage (VDD1)
of the drive transistor Qd and the reference voltage (VSS) in
the light emission operation.

[0108] Power consumption in the threshold voltage com-
pensation operation can be reduced in this way.

(Variation 1)

[0109] The pixel structure is not limited to the aforemen-
tioned structure, and any structure may be used as long as the
drive transistor Qd is turned on in a state where the voltage
of the gate of the drive transistor Qd is fixed and the source
of the drive transistor Qd is floating in the threshold voltage
compensation operation. For example, a structure illustrated
in FIG. 10 is applicable. FIG. 10 is a circuit diagram
illustrating the circuit structure of a pixel in an organic EL
display device according to Variation 1.

[0110] In a pixel 104 illustrated in FIG. 10, the drive
transistor Qd is a p-type transistor, and the organic EL
element 9 has the anode 91 connected to the drain of the
drive transistor Qd via a transistor Qenb2 and the cathode 92
connected to the VSS line 82 which is a common line
provided in common to at least a part of the plurality of
pixels 4. In this variation, the VSS line 82 (first power line)
and a VSS line 185 (second power line) for supplying
negative power voltages (VSS1, VSS2) to the plurality of
pixels 104 are provided. Moreover, in this variation, VDD is
supplied to the first VDD line 81 as a positive power voltage.
[0111] The organic EL display device including such a
pixel 104 performs the threshold voltage compensation
operation by turning the transistors Qscan, Qenb, and Qenb2
off and the transistors Qref, Qmrg, and Qdet on. In detail, the
organic EL display device applies the drain voltage of the
drive transistor Qd of the pixel 104 performing the threshold
voltage compensation operation independently of the drain
voltage of the drive transistor Qd of the pixel 104 perform-
ing the light emission operation, by turning the transistors
Qenb and Qenb2 (first switch) on and the transistor Qdet
(second switch) off in the pixel 104 performing the light
emission operation and turning the transistor Qenb2 off and
the transistor Qdet on in the pixel 104 performing the
threshold voltage compensation operation.

[0112] The organic EL display device according to this
variation thus achieves the same advantageous effects as the
foregoing embodiment. In other words, the organic EL
display device can prevent a decrease in display uniformity.
[0113] In detail, in the case where the VSS line 185
(second power line) and the transistor Qdet are not included,
the drain voltage of the drive transistor Qd in the threshold
voltage compensation operation depends on the voltage of
the VSS line 82 (first power line). The voltage of the VSS
line 82 fluctuates relatively widely due to the pixel current
i,;, flowing through the pixel 104 in the light emission
period. There is thus a problem in that the detection accuracy
of the threshold voltage Vth_m decreases due to the fluc-
tuation of the drain voltage of the drive transistor Qd in the
threshold voltage compensation operation.
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[0114] On the other hand, the organic EL display device
according to this variation includes the VSS line 185 (second
power line) and the transistor Qdet, and applies the drain
voltage of the drive transistor Qd of the pixel 104 perform-
ing the threshold voltage compensation operation indepen-
dently of the drain voltage of the drive transistor Qd of the
pixel 104 performing the light emission operation. In this
way, the organic EL display device can uniformize the
detection accuracy of the threshold voltage Vth_m, and
therefore prevent a decrease in display uniformity.

[0115] Moreover, by setting VSS1<VSS2, power con-
sumption in the Vth detection operation can be reduced.

(Variation 2)

[0116] A structure illustrated in FIG. 11 is also applicable.
FIG. 11 is a circuit diagram illustrating the circuit structure
of a pixel in an organic EL display device according to
Variation 2, where the transistor Qenb2 in Variation 1 is
omitted by using the diode characteristics of the organic EL
element 9.

[0117] In a pixel 104A illustrated in FIG. 11, the drive
transistor Qd is a p-type transistor, and the organic EL
element 9 has the anode 91 connected to the drain of the
drive transistor Qd and the cathode 92 connected to the VSS
line 82 which is a common line provided in common to at
least a part of the plurality of pixels 4. In this variation, the
VSS line 82 (first power line) and the VSS line 185 (second
power line) for supplying negative power voltages (VSSI,
VSS2) to the plurality of pixels 104A are provided. More-
over, in this variation, VDD is supplied to the first VDD line
81 as a positive power voltage.

[0118] The organic EL display device including such a
pixel 104A performs the threshold voltage compensation
operation by turning the transistors Qscan and Qenb off and
the transistors Qref, Qmrg, and Qdet on. In detail, the
organic EL display device applies the drain voltage of the
drive transistor Qd of the pixel 104 A performing the thresh-
old voltage compensation operation independently of the
drain voltage of the drive transistor Qd of the pixel 104A
performing the light emission operation, by turning the
transistor Qenb (first switch) on and the transistor Qdet
(second switch) off in the pixel 104A performing the light
emission operation and turning the transistor Qenb off and
the transistor Qdet on in the pixel 104A performing the
threshold voltage compensation operation.

[0119] The organic EL display device according to this
variation thus achieves the same advantageous effects as the
foregoing embodiment. In other words, the organic EL
display device can prevent a decrease in display uniformity.
[0120] In detail, in the case where the VSS line 185
(second power line) and the transistor Qdet are not included,
the drain voltage of the drive transistor Qd in the threshold
voltage compensation operation depends on the voltage of
the VSS line 82 (first power line). The voltage of the VSS
line 82 fluctuates relatively widely due to the pixel current
1,4, flowing through the pixel 104A in the light emission
period. There is thus a problem in that the detection accuracy
of the threshold voltage Vth_m decreases due to the fluc-
tuation of the drain voltage of the drive transistor Qd in the
threshold voltage compensation operation.

[0121] On the other hand, the organic EL display device
according to this variation includes the VSS line 185 (second
power line) and the transistor Qdet, and applies the drain
voltage of the drive transistor Qd of the pixel 104A per-
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forming the threshold voltage compensation operation inde-
pendently of the drain voltage of the drive transistor Qd of
the pixel 104A performing the light emission operation. In
this way, the organic EL display device can uniformize the
detection accuracy of the threshold voltage Vth_m, and
therefore prevent a decrease in display uniformity.

[0122] Moreover, by setting VSS1>VSS2, the organic EL
element 9 is inversely biased (anode voltage<cathode volt-
age). This suppresses the degradation of the organic EL
element 9 over time.

(Variation 3)

[0123] A pixel structure illustrated in FIG. 12 is also
applicable. FIG. 12 is a circuit diagram illustrating the
circuit structure of a pixel in an organic EL display device
according to Variation 3.

[0124] In a pixel 204 illustrated in FIG. 12, the drive
transistor Qd is an n-type transistor, and the organic EL
element 9 has the cathode 92 connected to the drain of the
drive transistor Qd and the anode 91 connected to the VSS
line 82 which is a common line provided in common to at
least a part of the plurality of pixels 204. In this variation, the
first VDD line 81 (first power line) and a second VDD line
285 (second power line) for supplying positive power volt-
ages (VDDI1, VDD2) to the plurality of pixels 204 are
provided.

[0125] The organic EL display device including such a
pixel 204 performs the threshold voltage compensation
operation by turning the transistors Qscan and Qenb off and
the transistors Qref, Qmrg, and Qdet on, as in Variation 2. In
detail, the organic EL display device applies the drain
voltage of the drive transistor Qd of the pixel 204 perform-
ing the threshold voltage compensation operation indepen-
dently of the drain voltage of the drive transistor Qd of the
pixel 204 performing the light emission operation, by turn-
ing the transistor Qenb (first switch) on and the transistor
Qdet (second switch) off in the pixel 204 performing the
light emission operation and turning the transistor Qenb off
and the transistor Qdet on in the pixel 204 performing the
threshold voltage compensation operation.

[0126] The organic EL display device according to this
variation thus achieves the same advantageous effects as the
foregoing embodiment. In other words, the organic EL
display device can prevent a decrease in display uniformity.
[0127] In detail, in the case where the second VDD line
285 (second power line) and the transistor Qdet are not
included, the drain voltage of the drive transistor Qd in the
threshold voltage compensation operation depends on the
voltage of the first VDD line 81 (first power line). The
voltage of the first VDD line 81 fluctuates relatively widely
due to the pixel current i, flowing through the pixel 204 in
the light emission period. There is thus a problem in that the
detection accuracy of the threshold voltage Vth_m decreases
due to the fluctvation of the drain voltage of the drive
transistor Qd in the threshold voltage compensation opera-
tion.

[0128] On the other hand, the organic EL display device
according to this variation includes the second VDD line 285
(second power line) and the transistor Qdet, and applies the
drain voltage of the drive transistor Qd of the pixel 204
performing the threshold voltage compensation operation
independently of the drain voltage of the drive transistor Qd
of the pixel 204 performing the light emission operation. In
this way, the organic EL display device can uniformize the
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detection accuracy of the threshold voltage Vth_m, and
therefore prevent a decrease in display uniformity.

(Variation 4)

[0129] A pixel structure illustrated in FIG. 13 is also
applicable. FIG. 13 is a circuit diagram illustrating the
circuit structure of a pixel in an organic EL display device
according to Variation 4.

[0130] In a pixel 304 illustrated in FIG. 13, the drive
transistor Qd is a p-type transistor, and the organic EL
element 9 has the cathode 92 connected to the source of the
drive transistor Qd and the anode 91 connected to the first
VDD line 81 which is a common line provided in common
to at least a part of the plurality of pixels 304. In this
variation, the VSS line 82 (first power line) and a VSS line
385 (second power line) for supplying negative power
voltages (VSS1, VSS2) to the plurality of pixels 304 are
provided. Moreover, in this variation, VDD is supplied to the
first VDD line 81 as a positive power voltage.

[0131] The organic EL display device including such a
pixel 304 performs the threshold voltage compensation
operation by turning the transistors Qscan, Qenb, and Qrst
off and the transistors Qref and Qdet on, as in the foregoing
embodiment. In detail, the organic EL display device applies
the drain voltage of the drive transistor Qd of the pixel 304
performing the threshold voltage compensation operation
independently of the drain voltage of the drive transistor Qd
of the pixel 304 performing the light emission operation, by
turning the transistor Qenb (first switch) on and the transis-
tor Qdet (second switch) off in the pixel 304 performing the
light emission operation and turning the transistor Qenb off
and the transistor Qdet on in the pixel 304 performing the
threshold voltage compensation operation.

[0132] The organic EL display device according to this
variation thus achieves the same advantageous effects as the
foregoing embodiment. In other words, the organic EL
display device can prevent a decrease in display uniformity.
[0133] In detail, in the case where the VSS line 385
(second power line) and the transistor Qdet are not included,
the drain voltage of the drive transistor Qd in the threshold
voltage compensation operation depends on the voltage of
the VSS line 82 (first power line). The voltage of the VSS
line 82 fluctuates relatively widely due to the pixel current
i, flowing through the pixel 304 in the light emission
period. There is thus a problem in that the detection accuracy
of the threshold voltage Vth_m decreases due to the fluc-
tuation of the drain voltage of the drive transistor Qd in the
threshold voltage compensation operation.

[0134] On the other hand, the organic EL display device
according to this variation includes the VSS line 385 (second
power line) and the transistor Qdet, and applies the drain
voltage of the drive transistor Qd of the pixel 304 perform-
ing the threshold voltage compensation operation indepen-
dently of the drain voltage of the drive transistor Qd of the
pixel 304 performing the light emission operation. In this
way, the organic EL display device can uniformize the
detection accuracy of the threshold voltage Vth_m, and
therefore prevent a decrease in display uniformity.

[0135] Suppose the voltage (VDD) of the first VDD line
81 is a reference voltage. Then, the difference between the
drain voltage (VSS22) of the drive transistor Qd in the
threshold voltage compensation operation and the reference
voltage (VDD) may be less than the difference between the
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drain voltage (VSS1) of the drive transistor Qd in the light
emission operation and the reference voltage (VDD).
[0136] Power consumption in the threshold voltage com-
pensation operation can be reduced in this way.

(Other Variations)

[0137] While the organic EL display device 1 according to
the present disclosure has been described above, the present
disclosure is not limited to the foregoing embodiment and
variations.

[0138] For example, although the above describes the
organic EL display device including the organic EL element
9 as a light emitting element as the display device according
to the present disclosure, this is not a limitation, and any
display device including a current-driven light emitting
element may be used.

[0139] The present disclosure can be not only realized as
such a display device, but also realized as a display device
driving method including the processes executed by the
display device as steps. A method for driving a display
device according to one aspect of the present disclosure is a
method for driving a display device including a plurality of
pixels each of which includes: a light emitting element that
emits light according to a supplied current; a drive transistor
that supplies the current to the light emitting element; and a
holding capacitor connected between a gate and a source of
the drive transistor, the method including applying, in a
display state of causing the light emitting element to emit
light in a part of the plurality of pixels and changing a
voltage of the holding capacitor to a threshold voltage of the
drive transistor in an other part of the plurality of pixels, a
drain voltage of the drive transistor of a pixel in the other
part independently of the drain voltage of the drive transistor
of a pixel in the part.

[0140] The display device may further include a first
power line and a second power line that supply power
voltages to the plurality of pixels, each of the plurality of
pixels may further include: a first switch provided in a
current path of the current supplied to the light emitting
element via the first power line; and a second switch that
switches a state between the second power line and a drain
of the drive transistor between conduction and nonconduc-
tion, the method may include, in the stated order: causing the
holding capacitor to hold a voltage corresponding to the
threshold voltage of the drive transistor in a state where the
first switch is off and the second switch is on, in the pixel in
the part; causing the holding capacitor to hold a voltage
obtained by compensating a signal voltage indicating lumi-
nance of the light emitting element by the threshold voltage
in a state where the first switch is off and the second switch
is off, in the pixel in the part; and causing the light emitting
element to emit light by turning the first switch on and the
second switch off, in the pixel in the part, and in the causing
the holding capacitor to hold a voltage corresponding to the
threshold voltage, the drain voltage of the drive transistor of
the pixel in the other part may be applied independently of
the drain voltage of the drive transistor of the pixel in the
part.

[0141] The present disclosure can also be realized as a
program for causing a computer to function as the charac-
teristic control unit included in the display device, or a
program for causing a computer to execute the characteristic
steps included in the driving method. Such a program may
be distributed via a computer-readable non-transitory



US 2017/0162114 Al

recording medium such as CD-ROM (Compact Disc-Read
Only Memory) or a communication network such as the
Internet.

[0142] Other modifications obtained by applying various
changes conceivable by a person skilled in the art to the
embodiment and variations and any combinations of the
structural elements and functions in the embodiment and
variations without departing from the scope of the present
disclosure are also included in the scope of the present
disclosure.

INDUSTRIAL APPLICABILITY

[0143] The present disclosure can be used for a display
device, and particularly for a FPD display device such as a
television illustrated in FIG. 14.

REFERENCE SIGNS LIST

[0144] 1 Organic EL display device

[0145] 2 Display area

[0146] 3 Control unit

[0147] 4. 104, 104A, 204, 304, 904 Pixel

[0148] 5 Timing control circuit

[0149] 6 Scan line drive circuit

[0150] 7 Signal line drive circuit

[0151] 8 Voltage control circuit

[0152] 9 Organic EL element

[0153] 61 SCAN line

[0154] 62 ENABLE line

[0155] 63 to 65 RESET line

[0156] 71 DATA line

[0157] 81 First VDD line

[0158] 82, 185, 385 VSS line

[0159] 83 VREF line

[0160] 84 VRST line

[0161] 85, 285 Second VDD line

[0162] 91 Anode

[0163] 92 Cathode

[0164] Cs, Cs1, Cs2 Holding capacitor

[0165] CEL Capacitive component

[0166] Qd Drive transistor

[0167] Qdet, Qenb, Qenb2. Qmrg, Qref, Qrst, Qscan
Transistor

1. A display device comprising:

a plurality of pixels each of which includes a light
emitting element that emits light according to a sup-
plied current, a drive transistor that supplies the current
to the light emitting element, and a holding capacitor
connected between a gate and a source of the drive
transistor, and

a control unit configured to, in a display state of causing
the light emitting element to emit light in a part of the
plurality of pixels and changing a voltage of the hold-
ing capacitor to a threshold voltage of the drive tran-
sistor in an other part of the plurality of pixels. apply a
drain voltage of the drive transistor of a pixel in the
other part independently of the drain voltage of the
drive transistor of a pixel in the part.

2. The display device according to claim 1, further com-

prising

a first power line and a second power line that supply
power voltages to the plurality of pixels,

wherein each of the plurality of pixels further includes a
first switch provided in a current path of the current
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supplied to the light emitting element via the first
power line, and a second switch that switches a state
between the second power line and a drain of the drive
transistor between conduction and nonconduction.

3. The display device according to claim 2,

wherein the control unit is configured to, in the display
state, apply the drain voltage of the drive transistor of
the pixel in the other part independently of the drain
voltage of the drive transistor of the pixel in the part, by
turning the first switch on and the second switch off in
the pixel in the part and turning the first switch off and
the second switch on in the pixel in the other part.

4. The display device according to claim 2, further com-

prising

a control line that is provided for each row of the plurality
of pixels arranged in a matrix, and designates a timing
of bringing the second switch into or out of conduction,

wherein the second power line is provided for each row of
the plurality of pixels, in parallel with the control line
corresponding to the row.

5. The display device according to claim 2,

wherein each of the first switch and the second switch is
a thin film transistor, and

the second switch has smaller W/L than the first switch,
where W is a channel width of the thin film transistor
and L is a channel length of the thin film transistor.

6. The display device according to claim 1,

wherein the drive transistor is an n-type transistor, and

the light emitting element has an anode connected to the
source of the drive transistor, and a cathode connected
to a common line provided in common to at least a part
of the plurality of pixels.

7. The display device according to claim 1,

wherein the drive transistor is a p-type transistor, and

the light emitting element has a cathode connected to the
source of the drive transistor, and an anode connected
to a common line provided in common to at least a part
of the plurality of pixels.

8. The display device according to claim 6,

wherein when a voltage of the common line is a reference
voltage, a difference between the drain voltage of the
drive transistor of the pixel in the other part and the
reference voltage is less than a difference between the
drain voltage of the drive transistor of the pixel in the
part and the reference voltage in the display state.

9. The display device according to claim 1,

wherein the drive transistor is a p-type transistor, and

the light emitting element has an anode connected to a
drain of the drive transistor, and a cathode connected to
a common line provided in common to at least a part of
the plurality of pixels.

10. The display device according to claim 1,

wherein the drive transistor is an n-type transistor, and

the light emitting element has a cathode connected to a
drain of the drive transistor, and an anode connected to
a common line provided in common to at least a part of
the plurality of pixels.

11. The display device according to claim 1, further

comprising

a first power line and a second power line that supply
power voltages to the plurality of pixels,

wherein the light emitting element is an organic electrolu-
minescent (EL) element,
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each of the plurality of pixels further includes a second
switch that switches a state between the second power
line and a drain of the drive transistor between con-
duction and nonconduction, and

the first power line and the drain of the drive transistor are

constantly connected via the organic EL element.

12. The display device according to claim 11,

wherein the control unit is configured to, in the display

state, set an anode voltage of the light emitting element
to be lower than a cathode voltage of the light emitting
element in the pixel in the other part.

13. A method for driving a display device including a
plurality of pixels each of which includes: a light emitting
element that emits light according to a supplied current; a
drive transistor that supplies the current to the light emitting
element; and a holding capacitor connected between a gate
and a source of the drive transistor, the method comprising

applying, in a display state of causing the light emitting

element to emit light in a part of the plurality of pixels
and changing a voltage of the holding capacitor to a
threshold voltage of the drive transistor in an other part
of the plurality of pixels, a drain voltage of the drive
transistor of a pixel in the other part independently of
the drain voltage of the drive transistor of a pixel in the
part.

14. The method for driving a display device according to
claim 13,

11
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wherein the display device further includes a first power
line and a second power line that supply power voltages
to the plurality of pixels,

each of the plurality of pixels further includes: a first
switch provided in a current path of the current sup-
plied to the light emitting element via the first power
line; and a second switch that switches a state between
the second power line and a drain of the drive transistor
between conduction and nonconduction,

the method comprises, in the stated order:

causing the holding capacitor to hold a voltage corre-
sponding to the threshold voltage of the drive transistor
in a state where the first switch is off and the second
switch is on, in the pixel in the part;

causing the holding capacitor to hold a voltage obtained
by compensating a signal voltage indicating luminance
of the light emitting element by the threshold voltage in
a state where the first switch is off and the second
switch is off, in the pixel in the part; and

causing the light emitting element to emit light by turning
the first switch on and the second switch off, in the pixel
in the part, and

in the causing the holding capacitor to hold a voltage
corresponding to the threshold voltage, the drain volt-
age of the drive transistor of the pixel in the other part
is applied independently of the drain voltage of the
drive transistor of the pixel in the part.

I S I
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