US 20180108295A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2018/0108295 A1l

EBISUNO

43) Pub. Date: Apr. 19, 2018

(54)

(71)
(72)
(73)
@1
22)

(86)

(30)

DISPLAY DEVICE AND DISPLAY DEVICE
CONTROL METHOD

Applicant: JOLED INC., Tokyo (JP)

Inventor: Kohei EBISUNO, Tokyo (JP)
Assignee: JOLED INC., Tokyo (IP)

Appl. No:  15/516,506
PCT Filed:  Oct. 2, 2015

PCT No.: PCT/IP2015/005025

§ 371 (ex(D).
(2) Date: Apr. 3, 2017

Foreign Application Priority Data

Oct. 6, 2014 (JP) i 2014-205976

(1)

Publication Classification

Int. CL

G09G 3/3233 (2006.01)
HOIL 27/12 (2006.01)
HOIL 51/50 (2006.01)

(52) US.CL
CPC ... GO09G 3/3233 (2013.01); GO9G 2300/0819
(2013.01); HOIL 51/5012 (2013.01); HOIL
27/1255 (2013.01)

(57) ABSTRACT

A display device includes a display pixel having: an organic
EL element; a capacitor element; a drive transistor having a
gate electrode connected to a first electrode of the capacitor
element and a source electrode connected to a second
electrode of the capacitor element and to an anode electrode
of the organic EL element; a first switch element switching
a state between a signal line supplying a voltage correspond-
ing to a data signal and the first electrode of the capacitor
element, between conducting and non-conducting states;
and a resistance unit having a resistance, switching a state
between a power line supplying an initialization voltage and
the second electrode of the capacitor element between the
conducting and non-conducting states, and disposed on a
current path from a node that is a connection point of the
second electrode and the anode electrode of the organic EL
element to the power line.
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DISPLAY DEVICE AND DISPLAY DEVICE
CONTROL METHOD

TECHNICAL FIELD

[0001] The present invention relates to a display device
that includes an organic electroluminescent (EL) element
and to a display device control method.

BACKGROUND ART

[0002] One known example of a display device that
includes a current-driven light-emitting element is an
organic EL display that includes an organic electrolumines-
cent element (hereinafter, referred to as the organic EL
element) (see Patent Literature [PTL] 1). Such an organic
EL display has the advantages of excellent viewing angle
characteristics and low power consumption.

[0003] The organic EL display is configured with: an
organic EL panel (a display panel) formed from a glass
substrate on which organic EL elements, wiring lines, and so
forth are formed; an integrated circuit (IC) that drives the
organic EL panel; and a control unit.

[0004] The organic EL panel includes a plurality of dis-
play pixels arranged in a matrix. Each of the display pixels
includes: an organic EL element described above; a capaci-
tor element that stores a voltage corresponding to a pixel
signal; and a drive transistor that supplies the organic EL
element with a drive current corresponding to an amount of
electrical charge stored in the capacitor element.

[0005] An active-matrix organic EL display includes a thin
film transistor (TFT) as a drive transistor. The TFT has
in-plane variations in film thickness and film quality because
of, for example: a temperature variation caused in a film
formation process, a variation in residual solution caused by
an etching process; and a variation in pattern density. This
thereby causes a variation in threshold voltage in the plane
of the display panel. In addition, the threshold voltage
changes over time due to a stress, such as a gate-source
voltage upon the application of current. The initial variations
resulting from the processes and the time-varying change in
the threshold voltage cause a variation in the amount of
current to be supplied to the organic EL. Thus, such varia-
tions and change influence luminance control of the display
device and thereby degrade the display quality.

[0006] For a conventional organic EL display, threshold
voltage compensation is performed after initialization to
adjust the voltage of a source electrode of a drive transistor
according to a threshold voltage.

CITATION LIST

Patent Literature

[0007] [PTL 1] Japanese Unexamined Patent Application
Publication No. 2008-287139

SUMMARY OF INVENTION

Technical Problem

[0008] However, the threshold voltage is different depend-
ing on, for example, a characteristic variation among the
drive transistors and a cumulative value of a luminance
value. For this reason, the threshold voltage varies in the
organic EL, panel. When the threshold voltage varies, a
period in which threshold voltage compensation is per-
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formed (hereinafter, referred to as the “threshold voltage
compensation period”) needs to be increased to perform the
threshold voltage compensation on the plurality of organic
EL elements more reliably.

[0009] In view of this, the present invention provides a
display device that accurately performs the threshold voltage
compensation without increasing the length of the threshold
voltage compensation period.

Solution to Problem

[0010] A display device according to an aspect of the
present invention includes a display pixel and a control unit
which controls driving of the display pixel, wherein the
display pixel includes: a light-emitting element; a capacitor
element that holds a voltage; a drive transistor that has (i) a
gate electrode connected to a first electrode of the capacitor
element and (ii) a source electrode connected to a second
electrode of the capacitor element and to an anode electrode
of the light-emitting element; a first switch element that
switches a state between a signal line for supplying a voltage
corresponding to a data signal and the first electrode of the
capacitor element, between conducting and non-conducting
states; and a resistance unit that has a resistance, is able to
switch a state between a power line for supplying an
initialization voltage and the second electrode of the capaci-
tor element between the conducting and non-conducting
states, and is disposed on a current path from a connection
point of the second electrode of the capacitor element and
the anode electrode of the light-emitting element to the
power line, and the control unit corrects a threshold voltage
of the drive transistor.

[0011] It should be noted that these general or specific
aspects may he achieved by a display device control method.

Advantageous Effects of Invention

[0012] With the display device and so forth according to
the present invention, the threshold voltage compensation
can be performed accurately without an increase in the
threshold voltage compensation period.

BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 is a block diagram showing an example of
a configuration of an organic EL display according to a
comparative example.

[0014] FIG. 2 is a graph showing signal waveforms of the
organic EL display according to the comparative example.

[0015] FIG. 3 is a diagram showing variations in voltage
of source electrodes of drive transistors during the threshold
voltage compensation period according to the comparative
example.

[0016] FIG. 4 is a block diagram showing an example of
a configuration of an organic EL display according to an
embodiment.

[0017] FIG. 5 is a graph showing an ideal time variation
in a voltage expressed as Gate-Source Voltage Vgs-Thresh-
old Voltage Vth, in a drive transistor during the threshold
voltage compensation period.

[0018] FIG. 6 is a graph showing an ideal time variation
in a current Ids flowing between a source electrode and a
drain electrode of the drive transistor during the threshold
voltage compensation period.
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[0019] FIG. 7 is a graph showing a time variation in a
drain-source voltage of the drive transistor during the thresh-
old voltage compensation period.

[0020] FIG. 8 is a graph showing an actual time variation
in the current Ids flowing between the source electrode and
the drain electrode of the drive transistor during the thresh-
old voltage compensation period.

[0021] FIG. 9 is a graph showing an actual time variation
in the voltage expressed as Gate-Source Voltage Vgs-
Threshold Voltage Vth, in the drive transistor during the
threshold voltage compensation period.

[0022] FIG. 10 is a graph showing transitions of the
voltage expressed as Vgs—Vth during the threshold voltage
compensation period according to a comparative example
and the embodiment.

[0023] FIG. 11 is a graph showing a difference in Vth
detection (threshold voltage compensation value) between
when a threshold voltage variation AVth is 0 V and when the
threshold voltage variation AVth is 2 'V, according to the
embodiment.

[0024] FIG. 12 is a graph showing a time variation in the
drain-source voltage of the drive transistor during the thresh-
old voltage compensation period according to the embodi-
ment.

[0025] FIG. 13 is a graph showing a result of calculating
a value a required for each drive frequency Freq when the
number of scanning lines Vline is 2160.

[0026] FIG. 14 is a graph showing a result of calculating
the value a required for each set of scanning lines Vline
when the drive frequency Freq is fixed to 120 Hz.

[0027] FIG. 15 is a graph showing a relationship between
a Cs initialization voltage and the threshold voltage Vth,
according to the embodiment.

[0028] FIG. 16 is a graph showing a correlation between
a value of 3Vgs/aVith and a channel length L, of a second
switch element, according to the embodiment.

[0029] FIG.17 is a graph showing signal waveforms of the
organic EL display according to the embodiment.

[0030] FIG. 18 is a circuit diagram showing a state of a
display pixel in a first initialization period according to the
embodiment.

[0031] FIG. 19 is acircuit diagram showing the state of the
display pixel in a second initialization period according to
the embodiment.

[0032] FIG. 20 is a diagram showing variations in voltage
of the source electrode in the drive transistor in the second
initialization period and the threshold voltage compensation
period, according to the embodiment.

[0033] FIG. 21 is a circuit diagram showing another
example of a resistance unit.

[0034] FIG. 22 is a circuit diagram showing another
example of the resistance unit.

[0035] FIG. 23 is a circuit diagram showing another
example of the resistance unit.

[0036] FIG. 24 is a circuit diagram showing an example of
when a single resistance unit is shared by two display pixels,
according to a modification.

[0037] FIG. 25 is a circuit diagram showing another
example of signal waveforms of an organic EL display.
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DESCRIPTION OF EMBODIMENT

(Details of Problem)

[0038] The following describes the details of the problem,
with reference to FIG. 1 to FIG. 3.

[Configuration of Organic EL Display in Comparative
Example]

[0039] FIG. 1 is a block diagram showing an example of
a configuration of an organic EL display 100 according to a
comparative example. As shown in FIG. 1, the organic EL
display 100 includes an organic EL panel 110, a data-line
drive circuit 120, a scanning-line drive circuit 130, and a
control unit 200.

[0040] The organic EL panel 110 includes a plurality of
display pixels PO arranged in a matrix. It should be noted
that a display pixel P0 is a subpixel that corresponds to one
color. One pixel is formed from three subpixels correspond-
ing to red, green, and blue, respectively.

[0041] The display pixel PO includes an organic EL ele-
ment OEL, a capacitor element Cs, a drive transistor Trd, a
first switch element Trl, a second switch element Tr20, a
third switch element Tr3, and a fourth switch element Trd4.
[0042] The organic EL element OEL is a light-emitting
element that emits light corresponding to a drive current.
The drive current is supplied from the drive transistor Trd.
The organic EL element OFL includes: an anode electrode
connected to a source electrode of the drive transistor Trd;
and a cathode electrode connected to a power line VEL
(VEL is, for example, a ground voltage).

[0043] The capacitor element Cs stores an electrical
charge corresponding to a voltage of a data line Data. The
capacitor element Cs includes: a first electrode connected to
a gate electrode of the drive transistor; and a second elec-
trode connected to the source electrode of the drive transis-
tor Trd.

[0044] The drive transistor Trd supplies the organic EL
element OEL with a drive current corresponding to the
charge quantity that is stored in the capacitor element Cs
according to the voltage of the data line Data. The drive
transistor Trd is a thin film transistor and includes: the gate
electrode connected to the first electrode of the capacitor
element Cs; the source electrode connected to the anode
electrode of the organic EL element OEL; and a drain
electrode connected to a power line VTFT.

[0045] The first switch element Trl switches a state of the
display pixel P0 between a selected state and an unselected
state, by switching a state between the data line Data and the
first electrode of the capacitor element Cs between a con-
ducting state and a non-conducting state according to a
voltage of a scanning line Scan. To be more specific, the first
switch element Trl is a thin film transistor and includes: a
gate electrode connected to the scanning line Scan; a source
electrode connected to the data line Data; and a drain
electrode connected to the first electrode of the capacitor
element Cs.

[0046] The second switch element Tr20 switches a state
between the second electrode (a node N2) of the capacitor
element Cs and a power line VINI between the conducting
state and the non-conducting state, according to a voltage of
a signal line Init.

[0047] The third switch element Tr3 switches a state
between the first electrode (a node N1) of the capacitor
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element Cs and a power line VREF between the conducting
state and the non-conducting state, according to a voltage of
a signal line Ref.

[0048] The fourth switch element Tr4 switches a state
between the drain electrode of the drive transistor Trd and
the power line VTFT between the conducting state and the
non-conducting state, according to a voltage of a signal line
Enable.

[0049] The data-line drive circuit 120 supplies a plurality
of data lines Data with a voltage corresponding to a data
signal received from the control unit 200.

[0050] The scanning-line drive circuit 130 supplies a
plurality of scanning lines Scan, a plurality of signal lines
Ink a plurality of signal lines Ref, and a plurality of signal
lines Enable with a voltage corresponding to a drive signal
received from the control unit 200.

[0051] The control unit 200 is a circuit that controls video
display on the organic EL panel 110. The control unit 200 is
configured with, for example, a timing controller (TCON).
It should be noted that the control unit 200 may be config-
ured with a computer system that includes a microcontroller
or with a system large scale integration (system LSI), for
example.

[Operation of Organic EL Display in Comparative Example]

[0052] FIG. 2 is a graph showing signal waveforms of the
organic EL display 100 according to the comparative
example. In FIG. 2, VA, VB, and VC represent a voltage of
the gate electrode of the drive transistor Trd, a voltage of the
source electrode of the drive transistor Trd, and a voltage of
the drain electrode of the drive transistor Trd, respectively.
[0053] In the organic EL display 100 according to the
comparative example, initialization, threshold voltage com-
pensation, writing, and light emission are performed in this
order as shown in FIG. 2 for each frame of'a video signal that
is externally received. The following describes: an initial-
ization period in which initialization is performed; a thresh-
old voltage compensation period in which threshold voltage
compensation is performed; a write period in which writing
is performed; and a light emission period in which the
organic EL element DEL is caused to emit light. Thus,
descriptions of periods other than these periods are omitted.

(Period T22: Initialization Period)

[0054] A period T22 from a time t1 to a time t2 shown in
FIG. 2 is the initialization period. In the initialization period,
the control unit 200 initializes the capacitor element Cs by
bringing the first switch element Trl and the fourth switch
element Tr4 into the non-conducting state and bringing the
second switch element Tr20 and the third switch element Tr3
into the conducting state. To be more specific, the control
unit 200 brings the first switch element Trl and the fourth
switch element Tr4 into the non-conducting state by setting
the voltages of the scanning line Scan and the signal line
Enable at an L level. Moreover, the control unit 200 brings
the second switch element Tr20 and the third switch element
Tr3 into the conducting state by setting the voltages of the
signal line Init and the signal line Ref at an H level.

(Period T24: Threshold Voltage Compensation Period)

[0055] A period T24 from a time t3 to a time t4 shown in
FIG. 2 is the threshold voltage compensation period for
compensating for an influence of variation in the threshold
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voltage of the drive transistor Trd. In the threshold voltage
compensation period, the control unit 200 brings the first
switch element Trl and the second switch element Tr20 into
the non-conducting state and brings the third switch element
Tr3 and the fourth switch element Tr4 into the conducting
state. With the threshold voltage compensation period, the
influence of the aforementioned variation in the threshold
voltage upon the luminance control can be reduced. To be
more specific, the control unit 200 brings the first switch
element Trl and the second switch element Tr20 into the
conducting state by setting the voltages of the scanning line
Scan and the signal line Init at the L level. Moreover, the
control unit 200 brings the third switch element Tr3 and the
fourth switch element Tr4 into the conducting state by
setting the voltages of the signal line Ref and the signal line
Enable at the H level.

[0056] At this time, since the fourth switch element Trd is
brought into the conducting state, a drain current passes
through the drive transistor Trd and then a voltage value of
the second electrode of the capacitor element Cs increases
according to the threshold voltage of the drive transistor Trd.
With this, compensation can be made for the threshold
voltage.

(Period T27: Write Period)

[0057] A period T27 from a time t6 to a time t7 shown in
FIG. 2 is a write time in which an electrical charge corre-
sponding to the voltage of the data line Data is stored into
the capacitor element Cs. In the write time, the control unit
200 brings the first switch element Trl into the conducting
state and brings the second switch element Tr20, the third
switch element Tr3, and the fourth switch element Tr4 into
the non-conducting state. To be more specific, the control
unit 200 brings the first switch element Trl into the con-
ducting state by setting the voltage of the scanning line Scan
at the H level. Moreover, the control unit 200 brings the
second switch element Tr20, the third switch element Tr3,
and the fourth switch element Tr4 into the non-conducting
state by setting the voltages of the signal line Init, the signal
line Reference, and the signal line Enable at the L level.
Furthermore, the control unit 200 causes the data-line drive
circuit 120 to apply a voltage corresponding to the lumi-
nance value of the selected display pixel PO to the signal line
Data.

[0058] At this time, the electrical charge corresponding to
the voltage of the signal line Data is stored into the first
electrode of the capacitor element Cs.

(Period T29: Light Emission Period)

[0059] A period T29 from a time t8 to a time t9 shown in
FIG. 2 is the light emission period in which the organic EL
element OEL is caused to emit light. In the light emission
time, the control unit 200 brings the fourth switch element
Tr4 into the conducting state and brings the first switch
element Trl, the second switch element Tr20, and the third
switch element Tr3 into the non-conducting state. To be
more specific, the control unit 200 brings the fourth switch
element Tr4 into the conducting state by setting the voltage
of the signal line Enable at the H level. Moreover, the control
unit 200 brings the first switch element Trl, the second
switch element Tr20, and the third switch element Tr3 into
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the non-conducting state by setting the voltages of the
scanning line Scan, the signal line Init, and the signal line
Ref at the L level.

[0060] At this time, a drive current corresponding to the
electrical charge stored in the first electrode of the capacitor
element Cs flows between the drain electrode and the source
electrode of the drive transistor Trd. Then, with the supply
of this drive current, the organic EL element OEL emits light
having a luminance corresponding to the amount of drive
current.

[Problem in Threshold Voltage Compensation]

[0061] FIG. 3 is a diagram showing variations in voltage
of the source electrodes of the drive transistors Trd during
the threshold voltage compensation period according to the
comparative example. The graph shown in FIG. 3 corre-
sponds to the graph surrounded by a dashed line in FIG. 2.
It should be noted that although the diagram of FIG. 2
illustrates a single element, the diagram of FIG. 3 illustrates
three elements each of which has a different threshold
voltage.

[0062] As shown in FIG. 3, in the case of a display pixel
in which the threshold voltage of the drive transistor Trd is
Vthl, it takes a time Tthl for the voltage value to reach a
value expressed as VREF-Vthl. In the case of a display
pixel in which the threshold voltage of the drive transistor
Trd is Vth2, it takes a time Tth 2 for the voltage value to
reach a value expressed as VREF Vth2. In the case of a
display pixel in which the threshold voltage of the drive
transistor Trd is Vth3, it takes a time Tth 3 for the voltage
value to reach a value expressed as VREF=-Vth3. In FIG. 3,
these times are expressed as Tth1>Tth2>Tth3.

[0063] With the increase in resolution and size of organic
EL displays in recent years, one horizontal scanning period
(hereinafter, referred to as “1 H”) has a trend to be shorter.
Assume that a panel drive frequency is represented as Freq
and that the number of scanning lines is represented as
Vline. Here, without consideration of a blanking period for
the sake of simplicity, 1 H is expressed as 1 H=1 sec/Frel/
Vline. It can be understood from this expression that 1 H is
shorter when the panel drive frequency Freq and the number
of scanning lines Vline increase more because of the trend
toward higher resolution of the organic EL display.

[0064] For example, assume that the threshold voltage
compensation period is set at 1 H to provide a sufficient
length of time for the light emission period. In this case,
when one horizontal scanning period is shorter, the threshold
voltage compensation period is shorter as well. Furthermore,
with the increase in size of organic EL displays in recent
years, the number of scanning lines Vline and the number of
display pixels per scanning line are growing. When an
organic EL display is larger, the amount of current required
for the entire organic EL display to perform the threshold
voltage compensation increases. This thereby increases a
variation in the time spent on the threshold voltage com-
pensation. Moreover, the larger size of the organic EL
display causes the elements of the organic EL display to be
disposed at a distance from each other. Thus, the variations
in film thickness and film quality resulting from the pro-
cesses increase, and the variation in threshold voltage
among the drive transistors also increases.

[0065] To perform threshold voltage compensation with
sufficient accuracy, it is necessary to provide a sufficient
length of time for the threshold voltage compensation period
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until the voltage Vthl of the drive transistor Trd having the
longest threshold voltage compensation period shown in
FIG. 3 converges. Alternatively, it is important for the
voltages of all the drive transistors Trd to converge within 1
H.

[0066] However, since a higher-resolution organic EL
display causes the threshold voltage compensation period to
be shorter as described above, it has become difficult to
provide a sufficient length of time for the threshold voltage
compensation period. Moreover, a larger size of the organic
EL display increases the variation among the drive transis-
tors Trd in the time it takes before the drive transistor Trd
converges. On this account, it is difficult for the voltages of
all the drive transistors Trd to converge within 1 H.
[0067] For this reason, in the case of the drive transistor
having the threshold voltage Vthl shown in FIG. 3 in
particular, the threshold voltage compensation period ends
before the voltage of the source electrode reaches the value
of VREF-Vthl. In other words, the threshold voltage com-
pensation cannot be performed with sufficient accuracy in
some cases. Thus, the accuracy of threshold voltage com-
pensation performed by the conventional organic EL display
is degraded due to the variation in threshold voltage among
the drive transistors.

[0068] In view of this, a technology is required that can
provide a sufficient accuracy for threshold voltage compen-
sation even when the threshold voltage compensation period
is short.

[0069] To solve the aforementioned problem, a display
device according to an aspect of the present invention
includes a display pixel and a control unit which controls
driving of the display pixel, wherein the display pixel
includes: a light-emitting element; a capacitor element that
holds a voltage; a drive transistor that has (i) a gate electrode
connected to a first electrode of the capacitor element and
(ii) a source electrode connected to a second electrode of the
capacitor element and to an anode electrode of the light-
emitting element; a first switch element that switches a state
between a signal line for supplying a voltage corresponding
to a data signal and the first electrode of the capacitor
element, between conducting and non-conducting states;
and a resistance unit that has a resistance, is able to switch
a state between a power line for supplying an initialization
voltage and the second electrode of the capacitor element
between the conducting and non-conducting states, and is
disposed on a current path from a connection point of the
second electrode of the capacitor element and the anode
electrode of the light-emitting element to the power line, and
the control unit corrects a threshold voltage of the drive
transistor.

[0070] The display device having the above configuration
includes: the resistance unit that is able to switch the state
between the power line for supplying the initialization
voltage and the second electrode of the capacitor element
between the conducting and non-conducting states, and is
disposed on a current path from the connection point of the
second electrode of the capacitor element and the anode
electrode of the light-emitting element to the power line.
[0071] According to the conventional technology, the volt-
age of the source electrode of the drive transistor in the
initialization period is fixed at a constant value regardless of
the threshold voltage of the drive transistor. On the other
hand, the display device having the above configuration
includes the resistance unit that allows the voltage of the
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source electrode of the drive transistor to he adjusted accord-
ing to the amount of variation in the threshold voltage of the
drive transistor. With this, the display device having the
above configuration can perform threshold voltage compen-
sation with sufficient accuracy.

[0072] To be more specific, in the initialization period, a
voltage drop corresponding to a flow-through current is
caused to the resistance unit of the display device having the
above configuration. In other word, the voltage of the source
electrode of the drive transistor increases.

[0073] When the voltage of the source electrode of the
drive transistor increases, an increase in the voltage of the
source electrode is small in the threshold voltage compen-
sation that is performed after the initialization period. In
other words, a length of time of threshold voltage compen-
sation is reduced. Thus, the display device having the above
configuration can perform threshold voltage compensation
more reliably without having to extend the threshold voltage
compensation period. More specifically, the display device
having the above configuration can reduce the threshold
voltage compensation period.

[0074] To be more specific, the voltage of the source
electrode of the drive transistor included in the display
device having the above configuration is expressed as
VTFT-(VINI+RonxId). In this expression, VIFT represents
a voltage of the power line VIFT that supplies the drain
electrode of the drive transistor with a drive voltage. More-
over; VINI represents a voltage of the power line VINI that
supplies the second electrode of the capacitor element with
an initialization voltage. Furthermore, Ron represents a
resistance value of the resistance unit, and Id represents a
value of the flow-through current.

[0075] The flow-through current refers to a current that
passes through the power line that supplies the initialization
voltage, via the drive transistor and the second switch
element, from the power line that supplies the drain elec-
trode of the drive transistor with the drive voltage. A value
of the flow-through current varies according to the threshold
voltage of the drive transistor. More specifically, the value of
the flow-through current is smaller when the threshold
voltage is larger, and is larger when the threshold voltage is
smaller.

[0076] Thus, according to the display device having the
above configuration, when the threshold voltage is larger,
the value expressed as RonxId (the amount of voltage drop
in the resistance unit) is smaller and the voltage of the source
electrode of the drive transistor at the start of the threshold
voltage compensation period provided after the initialization
period is smaller. Each of the initial values of graphs al to
a3 shown in FIG. 3 increases with the value of the threshold
voltage. In FIG. 3, the voltages of the source electrodes of
all the drive transistors are the same at the start of the
threshold voltage compensation period. However, with the
display device having the above configuration, the initial
value of the graph al having the small threshold voltage
Vthl is smaller than the initial value of the graph a3 having
the large threshold voltage Vth3. With this, when the thresh-
old voltage is smaller, a length of time for the source
electrode of the drive transistor to reach the value of
VREF-Vth is shorter than the conventional case. Thus, for
a display pixel that has a smaller threshold voltage Vth and
a longer threshold voltage compensation period in which the
voltage of the source electrode of the drive transistor reaches
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a desired voltage, the length of time of threshold voltage
compensation can be reduced as compared to the compara-
tive example.

[0077] To be more specific, even when the threshold
voltage compensation period is reduced because of the
increase in size and resolution, the display device having the
above configuration can perform threshold voltage compen-
sation with sufficient accuracy.

[0078] For example, the resistance value of the resistance
unit may be set at a value so that the amount of variation in
the voltage between the gate electrode and the source
electrode of the drive transistor at the start of the threshold
voltage compensation period is 0.3 to 0.7 times as much as
the amount of variation in the threshold voltage of the drive
transistor.

[0079] Here, it is preferable for the resistance value of the
resistance unit to be set at a value that achieve the following:
that the threshold voltage compensation period can be
adequately reduced; that a layout size of the resistance unit
does not exceed a layout size of one pixel (display pixel PX);
and that the application of an initialization voltage required
for threshold voltage compensation is allowed. To be more
specific, assume that the resistance value of the resistance
unit is set at a value so that the amount of variation in the
gate-source voltage of the drive transistor at the start of the
threshold voltage compensation period with respect to the
amount of variation in the threshold voltage of the drive
transistor (=0Vgs/aVth) is 0.3 or more. In this case, the
threshold voltage compensation period can be adequately
reduced. Moreover, assume that the resistance value of the
resistance unit is set at a value so that the value of 3Vgs/aVth
is 0.7 or less. In this case, an increase in the layout size by
the addition of the resistance unit can be suppressed and the
initialization voltage required for threshold voltage compen-
sation can be applied.

[0080] For example, the resistance unit may be a transis-
tor. Moreover, the transistor may be a second switch element
that switches the state between the power line for supplying
the initialization voltage and the second electrode of the
capacitor element, between the conducting and non-con-
ducting states. Furthermore, the second switch element may
have a higher On resistance than any other switch element,
and may have a smaller width-to-length (W/L) ratio than any
other switch element.

[0081] When the second switch element and the resistance
unit are combined in one unit using a transistor that has a
larger On resistance than any other switch element, the
number of components can be reduced. More specifically,
the width-to-length (W/L) ratio of the transistor forming the
second switch element may be made smaller than the W/L
ratio of any other switch element.

[0082] For example, the resistance unit may include: a
second switch element that switches the state between the
power line for supplying the initialization voltage and the
second electrode of the capacitor element, between the
conducting and non-conducting states; and a resistance
element that is connected to the second switch element in
series.

[0083] With the placement of another element different
from the second switch element, the second switch element
can be used as a switch. Moreover, since only a resistance
element is required, the device configuration can be pre-
vented from being complex.
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[0084] For example, the resistance unit may be shared
among a plurality of the display pixels.

[0085] When the resistance unit is shared among the
plurality of display pixels, the additional circuit can be small
in size.

[0086] Moreover, a display device control method accord-
ing to an aspect of the present invention is a display device
control method for controlling a display device that includes
a display pixel and a control unit that controls driving of the
display pixel, the display pixel including: a light-emitting
element; a capacitor element that holds a voltage; a drive
transistor that has (i) a gate electrode connected to a first
electrode of the capacitor element and (ii) a source electrode
connected to a second electrode of the capacitor element and
to an anode electrode of the light-emitting element; a first
switch element that switches a state between a signal line for
supplying a voltage corresponding to a data signal and the
first electrode of the capacitor element, between conducting
and non-conducting states; and a resistance unit that has a
resistance, is able to switch a state between a power line for
supplying an initialization voltage and the second electrode
of the capacitor element between the conducting and non-
conducting states, and is disposed on a current path from a
connection point of the second electrode of the capacitor
element and the anode electrode of the light-emitting ele-
ment to the power line, and the method including: applying,
by the control unit, a drive voltage to a drain electrode of the
drive transistor to drive the light-emitting element, while
applying the initialization voltage to the second electrode by
applying a reference voltage to the first electrode of the
capacitor element and by setting the second switch element
in the conducting state; and setting, by the control unit, the
second switch element in the non-conducting state after the
applying of the drive voltage, while maintaining the appli-
cation of the reference voltage to the first electrode and
maintaining the application of the drive voltage to the drain
electrode of the drive transistor.

[0087] As with the display device described above, the
present control method can also deal with the variation in the
threshold voltage of the drive transistor using a simple
configuration without an increase in the manufacturing cost.
[0088] For example, the applying of the drive voltage may
include: applying the initialization voltage to the second
electrode by applying the reference voltage to the first
electrode of the capacitor element and by setting the second
switch element in the conducting state, while the application
of the drive voltage to the drain electrode of the drive
transistor is stopped; and starting the application of the drive
voltage to the drain electrode of the drive transistor after the
applying of the initialization voltage, while maintaining the
application of the reference voltage to the first electrode and
maintaining the second switch element in the conducting
state.

[0089] The applying of the initialization voltage and the
starting of the application of the drive voltage are executed
in the display device having the above configuration. Thus,
the resistance unit allows the voltage of the source electrode
of the drive transistor to be adjusted according to the amount
of variation in the threshold voltage of the drive transistor.
[0090] For example, in the starting of the application of
the drive voltage, the control unit may perform control to
cause a voltage applied to a gate electrode of the second
switch element to be lower than a voltage applied to a gate
electrode of any other switch element. Alternatively, the
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second switch element may a transistor, and the control unit
may perform control to cause a voltage applied to a gate
electrode of the second switch element in the starting of the
application of the drive voltage to be lower than a voltage
applied to the gate electrode of the second switch element in
the applying of the initialization voltage.

[0091] When the second switch element in the display
device having the above configuration is combined into one
unit using a transistor, the number of components can be
reduced. Moreover, a favorable voltage drop can be caused
to the second switch element.

[0092] Hereinafter, an embodiment is
described with reference to the drawings.
[0093] It should be noted that each of embodiments
described below shows a general or specific example. The
numerical values, shapes, materials, structural elements, the
arrangement and connection of the structural elements,
steps, the processing order of the steps, and so forth
described in the embodiments below are mere examples, and
are not intended to limit the present invention. Thus, among
the structural elements in the embodiments below, structural
elements not recited in any one of the independent claims
indicating top concepts according to the present invention
are described as arbitrary structural elements.

specifically

Embodiment

[0094] An organic EL display according to an embodiment
is described, with reference to FIG. 4 to FIG. 20.

[0095] The organic EL display according to the present
embodiment includes a resistance unit that has a resistance
and that is configured to be able to switch a state between a
power line for supplying an initialization voltage and a
second electrode of a capacitor element between a conduct-
ing state and a non-conducting state. The resistance unit is
disposed on a current path from a connection point of the
second electrode of the capacitor element and an anode
electrode of a light-emitting element to the power line. With
this, after the end of a first initialization period, a voltage
corresponding to a variation in threshold voltage can be
applied to a source electrode of a drive transistor before the
start of a threshold voltage compensation period.

[1. Configuration of Organic EL Display]

[0096] FIG. 4 is a block diagram showing an example of
a configuration of an organic EL display 10 according to the
present embodiment. As shown in FIG. 4, the organic EL
display 10 includes an organic EL panel 11, a data-line drive
circuit 12, a scanning-line drive circuit 13, and a control umt
20.

[0097] The organic EL panel 11 includes a plurality of
display pixels PX arranged in a matrix, as with the organic
EL panel 110 according to the comparative example. It
should be noted that a display pixel PX is a subpixel that
corresponds to one color, as in the comparative example.
One pixel is formed from three subpixels corresponding to
red, green, and blue, respectively.

[0098] The display pixel PX includes an organic EL
element OFL, a capacitor element Cs, a drive transistor Trd,
a first switch element Trl, a second switch element Tr2, a
third switch element Tr3, and a fourth switch element Tr4.
The structural elements of the display pixel PX are identical
to those in the comparative example, except for the second
switch element Tr2.
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[0099] The organic EL element OEL is a light-emitting
element that emits light corresponding to a drive current, as
with the organic EL element OEL according to the com-
parative example. The drive current is supplied from the
drive transistor Trd. The organic EL element OFL includes:
an anode electrode connected to a source electrode of the
drive transistor Trd; and a cathode electrode connected to a
power line VEL.

[0100] The capacitor element Cs stores an electrical
charge corresponding to a voltage of a data line Data, as with
the capacitor element Cs according to the comparative
example. The capacitor element Cs includes: a first electrode
connected to a gate electrode of the drive transistor; and a
second electrode connected to the source electrode of the
drive transistor Trd.

[0101] The drive transistor Trd supplies the organic EL
element OEL with a drive current corresponding to the
charge quantity that is stored in the capacitor element Cs
according to the voltage of the data line Data, as with the
drive transistor Trd according to the comparative example.
The drive transistor Trd is a thin film transistor and includes:
the gate electrode connected to the first electrode of the
capacitor element Cs; the source electrode connected to the
anode electrode of the organic EL element OEL; and a drain
electrode connected to a power line VIFT that supplies a
drive voltage.

[0102] The first switch element Trl switches a state of the
display pixel PX between a selected state and an unselected
state, by switching a state between the data line Data and the
first electrode of the capacitor element Cs between the
conducting state and the non-conducting state according to
a voltage of a scanning line Scan, as with the first switch
element Trl according to the comparative example. To be
more specific, the first switch element Trl is a thin film
transistor and includes: a gate electrode connected to the
scanning line Scan; a source electrode connected to the data
line Data; and a drain electrode connected to the first
electrode of the capacitor element Cs.

[0103] The second switch element Tr2 switches a state
between the second electrode (a node N2) of the capacitor
element Cs and a power line VINI that supplies an initial-
ization voltage between the conducting state and the non-
conducting state, according to a voltage of a signal line Init.
The second switch element Tr2 is a thin film transistor and
has a higher On resistance than the other switch elements. It
should be noted that, in the first initialization period, the
control unit 20 according to the present embodiment brings
the fourth switch element Tr4 out of conduction and controls
only charging and discharging of the capacitor element Cs.
To be more specific, the second switch element Tr2 is caused
to function as a switch instead of a resistance. Moreover, in
a second initialization period, the control unit 20 causes the
second switch element Tr2 to function as a resistance by
bringing the fourth switch element Tr4 into conduction and
passing a flow-through current through the second switch
element Tr2. To be more specific, the second switch element
Tr2 functions as the aforementioned resistance unit in the
second initialization period. The second switch element Tr2
is described in detail later.

[0104] The third switch element Tr3 switches a state
between the first electrode (a node N1) of the capacitor
element Cs and a power line VREF that supplies a reference
voltage between the conducting state and the non-conduct-
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ing state according to a voltage of a signal line Ref, as with
the third switch element Tr3 according to the comparative
example.

[0105] The fourth switch element Trd switches a state
between the drain electrode of the drive transistor Trd and
the power line VTFT between the conducting state and the
non-conducting state according to a voltage of a signal line
Enable, as with the fourth switch element Trd according to
the comparative example.

[0106] The data-line drive circuit 12 supplies a plurality of
data lines Data with a voltage corresponding to a data signal
received from the control unit 200, as in the comparative
example.

[0107] The scanning-line drive circuit 13 supplies a plu-
rality of scanning lines Scan with a voltage corresponding to
a drive signal received from the control unit 200, as in the
comparative example.

[0108] The control unit 20 is a circuit that controls video
display on the organic EL panel 11, as in the comparative
example. The control unit 20 is configured with, for
example, a TCON (timing controller). It should be noted that
the control unit 20 may be configured with a computer
system that includes a microcontroller or with a system LSI
(large scale integration). The control unit 20 may be realized
by means of a program executing unit, such as a CPU or a
processor, reading and executing the software program
recorded on a recording medium such as a hard disk or a
semiconductor memory.

[1-1. Detailed Configuration of Second Switch Element]

[0109] The configuration of the second switch element Tr2
is described in detail with reference to FIG. 5 to FIG. 13.

[0110] As described above, the second switch element Tr2
according to the present embodiment is the transistor that
has a higher On resistance than the other switch elements
and functions as the resistance unit in the second threshold
voltage compensation period. In other words, the second
switch element Tr2 has a smaller W/L ratio than the other
switch elements.

[0111] To reduce the degradation in the accuracy of thresh-
old voltage compensation due to the variation in the thresh-
old voltage described in Details of Problem above, it is
preferable for, for example, the resistance value of the
second switch element Tr2 to be set appropriately.

[0112] In the present embodiment, a range of a channel
width W, and a range of a channel length L are defined to
appropriately set the resistance value of the second switch
element Tr2.

[1-1-1. Difference in Vth Detection in Comparative
Example]

[0113] FIG. 5is a graph showing an ideal time variation in
a voltage expressed as Gate-Source Voltage Vgs-Threshold
Voltage Vth, in the drive transistor during the threshold
voltage compensation period. FIG. 6 is a graph showing an
ideal time variation in a current Ids flowing between the
source electrode and the drain electrode of the drive tran-
sistor during the threshold voltage compensation period.
Each of FIG. 5§ and FIG. 6 shows the cases where a threshold
voltage variation AVthis 0V, 2V, and 3 V.

[0114] As shown in FIG. 5, it is preferable for the voltage
expressed as Vgs—Vth to always converge to a voltage Vofs
in the threshold voltage compensation period, regardless of
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the threshold voltage variation AVth of the drive transistor
Trd. It should be noted that since the threshold voltage
compensation period is a finite time period, the voltage
expressed as Vgs—Vth does not become absolutely 0 V and
thus converges to Vofs.

[0115] Similarly, as shown in FIG. 6, it is preferable for
the current Ids to converge to a current lend or a similar
current in the threshold voltage compensation period. It
should be noted that since the threshold voltage compensa-
tion period is a finite time period, the current Ids almost,
instead of completely, converges to the current lend. Here,
the current Ids can be calculated from Expression 1 below.
Moreover, the current Iend can be calculated from Expres-
sion 2 below.

[Math. 1]

Ids=px(Vgs-Vth)’ Expression 1

[Math. 2]

Jend=Px(Vofs+Vth0-+AVth—(Vth0+A Veh) =P Fofs

[0116] It should be noted that the voltage Vgs is expressed
as Vgs=Vofs+Vth, and that the voltage Vth is expressed as
Vth=Vth0+AVth.

[0117] Inreality, however, the currents Ids at the end of the
threshold voltage compensation period do not converge to
the same value. FIG. 7 is a graph showing a time variation
in a drain-source voltage of the drive transistor during the
threshold voltage compensation period. FIG. 7 shows the
cases where the threshold voltage variation AVthis 0V, 2V,
and 3 V.

[0118] As shown in FIG. 7, when the threshold voltage
variation AVth is larger, the drain-source voltage Vds of the
drive transistor Trd at the end of the threshold voltage
compensation period is larger. Thus, when the threshold
voltage variation AVth is larger, the convergence current
lend is larger.

[0119] FIG. 8 is a graph showing an actual time variation
in the current Ids flowing between the source electrode and
the drain electrode of the drive transistor Trd during the
threshold voltage compensation period. The current Ids can
be calculated from Expression 3 below.

Expression 2

[Math. 3]

Tds=Px Vofs*x(1+hx Vds)

[0120] Ideally, it is preferable for the currents Ids to
converge to the current lend at the end of the threshold
voltage compensation period even when the threshold volt-
age variations are different as shown in FIG. 6. In reality,
however, the current Ids at the end of the threshold voltage
compensation period varies according to the variation in Vds
resulting from the threshold voltage variation AVth, as
shown in FIG. 8. On this account, the voltage expressed as
Vgs—Vth also varies at the end of the threshold voltage
compensation period.

[0121] FIG. 9 is a graph showing an actual time variation
in the voltage expressed as Gate-Source Voltage Vgs-
Threshold Voltage Vith, in the drive transistor Trd during the
threshold voltage compensation period. As shown in FIG. 9,
when the threshold voltage variation AVth is larger, the
amount of current flowing between the source electrode and
the drain electrode is larger and thus the voltage expressed
as Vgs—Vth is smaller. In other words, a threshold detection

Expression 3
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difference is caused, which leads to degradation in the
accuracy of threshold voltage compensation.

[1-1-2. Channel Width and Channel Length of Second
Switch Element Tr2]

[0122] In view of this, the voltage expressed as Vgs—Vth
is adjusted in the initialization period to be larger at the start
of the threshold voltage compensation period when the
threshold voltage variation AVth is larger, according to the
present embodiment. To be more specific, the initialization
voltage is adjusted at the end of the initialization period to
allow the voltage Vgs-Vth to be larger when the threshold
voltage variation AVth is larger.

[0123] To adjust the initialization voltage, the display
pixel PX according to the present embodiment includes the
resistance unit described above. As shown in FIG. 4, the
resistance unit is disposed on the current path from the node
N2 that is the connection point of the second electrode of the
capacitor element Cs and the anode electrode of the organic
EL element OEL to the power line VINI. The resistance unit
according to the present embodiment is implemented by
allowing the second switch element Tr2 (the thin film
transistor) to have a larger On resistance than the other
switch elements. With this, the voltage of the source elec-
trode of the drive transistor Trd can be adjusted according to
the threshold voltage variation AVth of the drive transistor
Trd.

[0124] The following describes a method of adjusting the
voltage of the source electrode of the drive transistor Trd.
[0125] In the initialization period, when the first switch
element Trl is brought into an Off state and the second
switch element Tr2, the third switch element Tr3, and the
fourth switch element Tr4 are brought into an On state, a
flow-through current Id flows through the power line VINI
from the power line VIFT via the drive transistor Trd and
the second switch element Tr2.

[0126] At this rime,the voltage of the source electrode of
the drive transistor Trd is expressed as VIFT—(VINI+Ronx
1d). In this expression, VIFT represents the voltage of the
power line VIFT that supplies the drain electrode of the
drive transistor with the drive voltage, as described above.
Moreover, VINI represents the voltage of the power line
VINI that supplies the second electrode of the capacitor
element Cs with the initialization voltage, as described
above. Furthermore, Ron represents the resistance value of
the resistance unit, as described above.

[0127] The flow-through current Id varies according to the
threshold voltage Vth of the drive transistor Trd. More
specifically, the flow-through current Id is smaller when the
threshold voltage Vth of the drive transistor Trd is larger, and
is larger when the threshold voltage Vth is smaller.

[0128] Thus, when the threshold voltage Vith is larger, the
value expressed as RonxId (the amount of voltage drop in
the resistance unit) is smaller. Then, the voltage of the source
electrode of the drive transistor is smaller at the end of the
initialization period and subsequently at the start of the
threshold voltage compensation period.

[0129] More specifically, the placement of the resistance
unit enables the voltage of the source electrode of the drive
transistor Trd to be adjusted according to the variation AVth
in the threshold voltage Vth of the drive transistor Trd.
[0130] The resistance value of the resistance unit (the
resistance value of the second switch element Tr2 in the
present embodiment) is set to satisfy Expression 4 below.
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Expression 4

[0131] Here, by setting the value of 3Vgs/eVth at 0.3 or
more, the variation in the threshold voltage can be
adequately reflected on the voltage of the source electrode.
Moreover, by setting the value of 9Vgs/aVth at 0.7 or less,
the following can be achieved. The layout size of the
resistance unit does not exceed the layout size of one pixel
(display pixel PX) and thus the impossibility of the layout
can be prevented. In addition, the voltage drop in the
resistance unit is prevented from becoming excessively
large, and a voltage difference having an appropriate ampli-
tude as the initial value in the threshold voltage compensa-
tion period can be given to the capacitor element Cs. It
should be noted that a basis of setting the value between 0.3
and 0.7 inclusive is described later.

[0132] Here, the flow-through current Id can be calculated
from Expression 5 below. In Expression 5, W, represents
the channel width of the drive transistor Trd, L, represents
the channel length of the drive transistor Trd, p,, represents
an electron mobility of the drive transistor Trd, and Cox
represents a capacity of a gate oxide film per unit area.
Moreover, Vgs can he calculated from Expression 6 below.

[Math. 3]

_ upxCox Expression 5

Id
2

W
X =2 x (Vgs = Vil
Lp

[Math. 6]

Vgs = VREF — (VINI + Id X Ron) Expression 6

[0133] Substitution of Expression 6 into Expression 5
vyields Expression 7 and Expression 8 below.

Math. 7]

d=b \/ » (VREF - VINI - Vth?* Expression 7

Ron®
[Math. 8]
_ (VREF — VINI - Vih) N 1 Expression 8
) Ron p X Cox X VZ—;: X Ron?
[0134] Here, Vgs can be calculated from Expression 9

below that is derived from the above description.

[Math. 9]

Vgs=VREF-VINI-Ronxb+
VRow?x - Ronx(VREF—VINI-Vth)?

Expression 9

[0135] Substitution of Expression 9 into Expression 4
vields Expression 10 below.
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[Math. 10]

1 Expression 10
03<- =07

Wp
2X up X Cox X — X Ronx
Lp

(VTFT = VINI = Vih) + 1

[0136] Here, since the second switch element Tr2 is the
transistor that operates in a linear region, Expression 11 to
Expression 13 below are established.

[Math. 11]

Hr X Cox X Wg
Lg

Expression 11

Vdsg
Id = (VgsR = Vihg — —— | X Vdsg
2

[Math. 12]

Vdsg Expression 12

Ron=—~
OR 1d

[Math. 13]

Vgsg = Vghp — VINI Expression 13

[0137] In Expression 11 to Expression 13, Wy represents
the channel width of the second switch element Tr2; L,
represents the channel length of the second switch element
Tr2, and p, represents the electron mobility of the second
switch element Tr2. Moreover, Vgs, represents the gate-
source voltage of the second switch element Tr2, Vth,
represents the threshold voltage of the second switch ele-
ment Tr2, Vds, represents the drain-source voltage of the
second switch element Tr2, and Vghy is the voltage of the
gate electrode (the voltage of Init) when the second switch
element Tr2 is in the On state. Substitution of Expression 11
to Expression 13 above into Expression 10 yields Expres-
sion 14 below.

[Math. 14]
Wp Expression 14
2 2% up X — X(VIFT - VINI - Vih) 2
10 | Lp 10
| «1- <=
( 7 ] B W _( 3 ]
g X — X (Vghy — VINI - Vihg)
Ly
where
Vs,

R~ Vghy - VINI - Vihg

2
Z

Vghy — VINI = Vihp —

[0138] The channel width W, and the channel length L of
the second switch element Tr2 are set to satisfy Expression
14.

[0139] FIG. 10 is a graph showing transitions of the
voltage expressed as Vgs—Vth during the threshold voltage
compensation period according to a comparative example
and the present embodiment. FIG. 10 shows the case where
the threshold voltage variation AVth is 2 V. FIG. 11 is a
graph showing a difference in Vth detection between when
the threshold voltage variation AVth is 0 V and when the
threshold voltage variation AVth is 2 V, according to the
present embodiment. FIG. 12 is a graph showing a time
variation in the drain-source voltage of the drive transistor
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Trd during the threshold voltage compensation period
according to the present embodiment. FIG. 12 shows the
cases where the threshold voltage variation AVth is 0 V and
2V.

[0140] As shown in FIG. 10, the graph according to the
present embodiment has a larger initial value than the graph
according to the comparative example. Thus, the value of the
threshold detection at the end of the threshold voltage
compensation period is close to Vofs. As can be seen in FIG.
11, the variation in threshold detection at the end of the
threshold voltage compensation period is reduced according
to the present embodiment, as compared to the comparative
example. As shown in FIG. 12, a difference in Vds is 2 V or
less between when AVth is 0 V and when AVth is 2 V.

[1-1-3. Range Setting for Variation in Vgs with Respect to
Variation in Threshold Voltage Vth]

[0141] (1) Setting of a lower limit (0.3, for example) of
dVgs/aVth in Expression 4 is described.

[0142] Firstly, a time TthMax that is required for Vth
detection according to a comparative example is described.
According to the comparative example, a gate-source volt-
age Vinit of the drive transistor Trd at the start of the
threshold voltage compensation period is calculated from
Expression 15 below.

[Math. 15]

Vinit=FthMax+VthM arg in Expression 15

[0143] Here, VthMax represents the value of the threshold
voltage Vth of the display pixel PX that has the largest
threshold voltage Vth of the drive transistor Trd among all
the display pixels forming the organic EL panel 11. More-
over, VthMargin represents a voltage margin that is required
for threshold voltage compensation. Next, as can be seen
from FIG. 3, when the threshold voltage Vth is the smallest,
the time it takes to perform Vth detection is the longest. In
view of this, the time Tthmax required for Vth detection
when the threshold voltage Vth is the smallest is calculated.
Firstly, a charge quantity Qmax that is charged by Vth
detection is calculated from Expression 16 below.

[Math. 16]

QOmax=(Vinit- thMin)xCs Expression 16

[0144] Here, VthMin represents the value of the threshold
voltage Vth of the display pixel PX that has the smallest
threshold voltage Vth of the drive transistor Trd among all
the display pixels forming the organic EL panel 11. The time
TthMax required to charge the charge quantity Qmax is
calculated from Expression 17 below.

[Math. 17]
TthMax = Qmax Expression 17
i
[0145] Here, Id represents a mean value of the current

passing through the capacitor element Cs via the drive
transistor Trd during the threshold voltage compensation
period. As explained in Details of Problem above, when the
threshold voltage compensation period is, for example,
equal to one horizontal scanning period (1 H), it is preferable
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for TthMax to be equal to or less than 1 H. Substitution of
Expression 16 and Expression 15 into Expression 17 yields
Expression 18 below.

Math, 18]

. . Cs Expression 18
TthMax = (VihM arg in + VihMax — VihMin) X E <1H

[0146] Next, the time TthMax required for Vth detection
according to the present embodiment is described. As
described above, Vinit varies with the factor o (=aVgs/
dVth) with respect to Vth according to the present embodi-
ment. Thus, Expression 19 below is established for the
display pixel PX in which the threshold voltage of the drive
transistor Trd is VthMax.

[Math, 19]

Vinit=FthMax+VthM arg in-(¥VthMax-FthMin)xa

[0147] From Expression 18 and Expression 19, Expres-
sion 20 below is established.

Expression 19

Math. 20]

Expression 20
TthMax = { VihM argin +

C.
(VihMax — VihiMin) x (1 —oz)}x[—; =<1H

[0148] As can be understood from Expression 18 and
Expression 20, the organic EL display according to the
present embodiment has the TthMax that is smaller by a
factor of (1-a) than the comparative example. Thus, it is
easy to make the threshold voltage compensation period
equal to or less than one horizontal scanning period (1 H).
[0149] The present inventors performed verification on the
organic EL panel 11 that is a 40-inch 4K2K panel (for
example, 3480x2160 display pixels). This organic. EL panel
11 had the following: 0 V to 2 V as the in-plane variation in
the threshold voltage of the drive transistor Trd; 2.5 V as
VthMargin; and 0.5 pF as the capacitor element Cs. In this
case, the mean value Id of the current passing through the
capacitor element Cs via the drive transistor Trd during the
threshold voltage compensation period was 0.25 pA.
[0150] FIG. 13 is a graph showing a result of calculating
the value a required to satisfy Expression 20 for each drive
frequency Freq when the number of scanning lines Vline is
2160. As can he seen from FIG. 13, it is preferable for a to
be 0.3 or more when the drive frequency is 120 Hz.
[0151] FIG. 14 is a graph showing a result of calculating
the value a required to satisfy Expression 20 for each set of
the scanning lines Vline when the drive frequency Freq is
fixed to 120 Hz. As can be seen from FIG. 14, it is preferable
for o to be 0.3 or more when the number of scanning lines
Vline is 2160.

[0152] From the description thus far, to cause the voltage
of the source electrode of the drive transistor Trd to converge
within the threshold voltage compensation period, it is
preferable to satisfy @=0.3 when the panel satisfies the
following: the number of scanning lines Vline=2160; and
the drive frequency Freq=120 Hz.
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[0153] Although the present embodiment describes the
40-inch 4K2K panel, the lower limit of o may be set at a
different value when the organic EL panel 11 has a different
condition, such as that the number of Vline is less than 2160.
Tt is preferable to make the setting according to constrains of
the organic EL panel 11 to be designed.

[0154] (2) Setting of an upper limit (0.7, for example) of
dVgs/aVth in Expression 4 is described.

[0155] FIG. 15 is a graph showing a relationship between
a Cs initialization voltage (a voltage applied between the
first electrode and the second electrode of the capacitor
element Cs at the end of the initialization period) and the
threshold voltage Vth. Each of the slopes of the straight lines
in the graph corresponds to a=0Vgs/aVth.

[0156] In FIG. 15, the voltage Vgh, of the gate electrode
is 20 V when: the voltage of the power line VREF is caused
to be 2 V; the voltage of the power line VINI is caused to be
-4 V; and the second switch element Tr2 is brought into the
On state. Moreover, FIG. 15 shows the graph on the assump-
tion that the threshold voltage Vth of the drive transistor Trd
is almost the same as the threshold voltage Vth, of the
second switch element Tr2.

[0157] FIG. 15 shows the ratio between the channel width
and the channel length of the second switch element Tr2
(W/Lg) with respect to the ratio between the channel width
and the channel length of the drive transistor Trd (W,/L).
To be more specific, when (WR/Lp)/(Wp/Lp) is Yao,
0=3Vgs/aVth=0.67. Moreover, when (W,/L.)/(W/L,) is
Y10, 0=3Vgs/oVth=0.55. Furthermore, when (W/L)/(W,/
Lp) is Va, 0=0Vgs/aVih=0.38.

[0158] FIG. 16 is a graph showing a correlation between
the value of 3Vgs/aVth and the channel length Ly of the
second switch element Tr2. As shown in FIG. 16, when the
value of oVgs/aVth is larger, the accuracy of threshold
voltage compensation is higher and the variation in the time
required for Vth detection is smaller. However, when the
value of 3Vgs/aVth is larger, the channel length L, of the
second switch element Tr2 is longer.

[0159] Here, assume that the 40-inch 4K2K panel is used.
In this case, the size of one pixel is about 230 um, for
example. Thus, it is preferable for the channel length L, of
the second switch element Tr2 to be 230 pm or less. In FIG.
16, when the value of 3Vgs/aVth is 0.7 or less, the channel
length of the second switch element Tr2 is 230 pm or less.
On this account, to design a fine panel having the channel
length L, of 230 um or less, it is preferable that 3Vgs/
dVth=0.7. With this, the layout size of the resistance unit
does not exceed the layout size of one pixel (display pixel
PX) and thus the impossibility of the layout can be pre-
vented.

[0160] Moreover, the voltage of the source electrode of the
drive transistor Trd at the start of threshold voltage com-
pensation is expressed as VIFT-(VINI+RonxId) as
described above. Here, when the second switch element Tr2
satisfies 3Vgs/aVth>0.7, the On resistance Ron is extremely
large. In this case, the voltage of the source electrode
becomes so large that it may be possible that the gate-source
voltage having an amplitude sufficient for threshold voltage
compensation cannot be provided. Also in view of this, it is
preferable that 3Vgs/aVth=0.7.

[0161] It should be noted that when a different constraint
is required for the channel length L, the upper limit of
dVgs/aVth may be set at a value other than 0.7. It is
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preferable to make the setting according to constrains of the
organic EL panel 11 to be designed.

[2. Operation of Organic EL Display]

[0162] FIG. 17 is a graph showing signal waveforms of the
organic EL display 10 according to the present embodiment.
[0163] For the organic EL display 10 according to the
present embodiment, the two initialization periods, which
are the first and second initialization periods, are provided.
In the organic EL display 11 according to the present
embodiment, after the lapse of the initialization periods, the
threshold voltage compensation period, a write period, and
a light emission period are provided in this order.

[0164] Here, assume that all the switch elements are in the
Off state until a time t0.

[0165] Moreover, the second switch element Tr2 is caused
to operate as the switch in a first initialization period T22 and
as the resistance unit in a second initialization period T23.
The H-level voltages of the signal line Scan, the signal line
Ref, and the signal line Enable are set according to the
characteristics of the switch elements in a manner that each
of the first switch element Tr1, the third switch element Tr3,
and the fourth switch element Trd can operate with resis-
tance that is sufficiently low so that the present switch
element can be regarded as the switch.

(Period T21: First Period)

[0166] A period from the time t0 to a time t1 shown in
FIG. 17 is provided for stabilizing the voltage of the node
N2.

[0167] To be more specific, at the start of the period T21,
the control unit 20 executes a first step of setting the second
switch element Tr2 in the conducting state and the other
switch elements in the non-conducting state. With this, the
voltage of the node N2 is stabilized at the voltage of the
power line VINI in the period T21.

[0168] The scanning-line drive circuit 13 maintains the
first switch element Trl, the third switch element Tr3, and
the fourth switch element Tr4 in the Off state by maintaining
the voltages of the signal line Scan, the signal line Ref, and
the signal line Enable at the L level.

[0169] Moreover, at the start of the period T21, the scan-
ning-line drive circuit 13 changes the state of the second
switch element Tr2 from the Off state to the On state by
changing the level of the voltage of the signal line Init from
the L level to the H level.

[0170] With the period T21 provided in this way, the
voltage of the node N2 can be stabilized at the voltage of the
power line VINI in a short period of time. Moreover, the
capacitor element Cs causes the voltage of the node N1 to be
reduced (to a voltage expressed as Voltage of Power Line
VINI+Gate-Source Voltage Vgs of Drive Transistor Trd
during Light Emission in Previous Frame).

[0171] The reason why the period T21 is provided is as
follows. When the size of the organic EL panel 11 or the size
of one pixel (display pixel PX) is large, this means that a
capacity Coled of the organic EL element OEL is large and
thus a wiring time constant of the power line VINI is large.
On this account, when the size of the organic EL panel 11 or
the size of one pixel is larger, a time it takes for the voltage
of the node N2 to reach the voltage of the power line VINI
is longer. Thus, with the period T21 in which the second
switch element Tr2 is set in the conducting state and the
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voltage of the power line VINT is applied to the node N2, the
voltage of the node N2 can be set at the voltage of the power
line VINT in a shorter period of time. In other words, with
the period T21 provided in this way, the voltage of the power
line VINI can be written into wiring capacitances of the
organic EL element OEL and the power line VINI in a
shorter period of time.

[0172] Here, it similarly takes a time for the voltage of the
power line VREF to be applied to the node N1. However, the
destinations of charge and discharge of the voltage of the
power line VREF are wiring capacitances of the capacitor
element Cs and the power line VREF. Here, the wiring time
constant of the power line VREF is almost the same as that
of the power line VINI. However, the capacity of the organic
EL element OFL is larger than the capacity of the capacitor
element Cs, and a capacity ratio of the organic EL element
OEL to the capacitor element Cs (Organic EL. Element
OEL/Capacitor Element Cs) is from 1.3 to 9. More specifi-
cally, a time it takes to charge the organic EL element OEL
is longer than a time it takes to charge the capacitor element
Cs. In other words, a time it takes for the voltage of the node
N2 to reach the voltage of the power line VINI is longer than
a time it takes for the voltage of the node N1 to reach the
voltage of the power line VREF. In further other words, a
time it takes to write the voltage of the power line VINI into
the organic EL element OEL is longer than a time it takes to
write the voltage of the VREF into the capacitor element Cs.
[0173] Moreover, the period T21 provided in this way has
an advantage that the load of the power line VREF can he
reduced since the voltage of the node N2 is set at the voltage
of the power line VINI. To be more specific, with the period
T21, the voltage of the node N1 can be set at a low voltage
and the power line VREF only has to supply a current
(voltage) for charging the display pixel PX. In other words,
the period T21 provided in this way has an advantage that
the load of the power line VREF is reduced because the
voltage of the power line VREF is not used for charging the
organic EL element OEL.

(Period T22: First Initialization Period)

[0174] A period T22 from the time t1 to a time t2 shown
in FIG. 17 is the first initialization period in which a voltage
required to pass a drain current for threshold voltage com-
pensation to be performed on the drive transistor Trd is
applied between the gate electrode and the source electrode
of the drive transistor Trd.

[0175] To be more specific, in the first initialization
period, the control unit 20 executes a first initializing step.
By this step, while the application of the drive voltage for
driving the organic EL element OEL to the drain electrode
of the drive transistor Trd is stopped, an initialization voltage
is applied to the second EL of the capacitor element Cs by
applying a reference voltage to the first electrode of the
capacitor element Cs and setting the second switch element
Tr2 in the conducting state.

[0176] FIG. 18 is a circuit diagram showing the state of the
display pixel PX in the first initialization period.

[0177] More specifically, the second switch element Tr2
and the third switch element Tr3 are set in the conducing
state and the first switch element Trl and the fourth switch
element Tr4 are set in the non-conducting state in the period
122, as shown in FIG. 17 and FIG. 18.

[0178] The scanning-line drive circuit 13 maintains the
first switch element Tr1 and the fourth switch element Tr4 in
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the Off state by maintaining the voltages of the signal line
Scan and the signal line Enable at the L level. Moreover, the
scanning-line drive circuit 13 maintains the second switch
element Tr2 in the On state by maintaining the voltage of the
signal line Init at the H level.

[0179] Furthermore, at the start of the period T22, the
scanning-line drive circuit 13 changes the state of the third
switch element Tr3 from the Off state to the On state by
changing the level of the voltage of the signal line Ref from
the L level to the H level. Here, the current passing through
the second switch element Tr2 is only required to charge and
discharge the capacitor element Cs, and is almost zero when
charge and discharge of the capacitor element Cs converge.
On this account, an On resistance of the second switch
element Tr2 is almost negligible. Thus, the second switch
element Tr2 operates as the switch.

[0180] With this, the voltage of the node N1 is set at the
voltage of the power line VREF. Here, since the second
switch element Tr2 is in the conducting state, the voltage of
the node N2 is set at the voltage of the power line VINI. To
be more specific, the voltage of the power line VREF is
applied to the gate electrode of the drive transistor Trd, and
the voltage of the power line VINI is applied to the source
electrode of the drive transistor Trd.

[0181] The first initialization period is set to have a length
of time in which, for example, charge and discharge of the
node N1 can be sufficiently performed.

[0182] Here, a 40-inch 4K2K display is used as an
example to describe the setting of the first initialization
period. It should be noted that the present setting of the first
initialization period is merely an example. Thus, when a
display of a similar type is different in any one of the
conditions described below, this means that the first initial-
ization period is different as well.

[0183] The 40-inch 4K2K display has the following set-
tings: VthMargin=2.5 V; VthMax=2 V; VthMin=0 V; Vgs_
Peak=6.5 V; Id_Peak=4.5 pA; Cs=0.5 pF; Coled=2.5 pF;
Ron_Sw=0.6 MQ; and Ron_Drv=1 MQ. Here, Cs repre-
sents a capacity value of the capacitor element of the display
pixel PX, and Coled represents the capacity of the organic
electrode element OEL. Moreover, Ron_Sw represents the
On resistance of the second switch element Tr2, and Ron_
Drv represents the On resistance of the drive transistor Trd.
For the sake of simplicity, small parasitic capacitances
attached to intersections of wiring lines in the transistor and
the display pixel are omitted in the following description.
[0184] The first initialization period is calculated by add-
ing a charge-discharge time of the node N1 in the display
pixel PX and a time required to charge and discharge a CR
load of the power line VREF.

[0185] (1) The charge-discharge time of the node N1 in the
display pixel PX is described. Here, assume that a time
constant which is a CR time constant of the display pixel PX
when the node N1 is initialized and which is required to
charge and discharge the node N1 to 99.9% is 6.9 tau. In this
case, the charge-discharge time in the display pixel PX is
expressed as CR CoefflicientxCsxRon_Sw=6.9x0.5 pFx0.6
MQ=2.1 psec.

[0186] (2) The time required to charge and discharge the
CR load of the power line VREF is described. Here, assume
that the resistance of the power line VREF is 3 KQ (sheet
resistance 0.1 Q/square) and that a wiring load is 500 pF. In
this case, the CR time constant of the power line VREF is
expressed as 3 KQx500 pF=1.5 usec. Thus, the time
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required to charge and discharge the CR load of the power
line VREF is expressed as 1.5 psecx6.9 tau=10.4 psec.
[0187] From the description thus far, the first initialization
period is expressed as 2.1 psec+10.4 usec=12.5 usec.
[0188] As described above, in the initialization period, the
gate-source voltage Vgs of the drive transistor Trd is set at
a voltage that can provide an initial drain current required to
perform a threshold correction operation. Thus, a voltage
difference between the voltage of the power line VREF and
the voltage of the power line VINI is set at a voltage larger
than the maximum threshold voltage VthMax of the drive
transistor Trd. More specifically, the voltage difference is set
at a value calculated by adding the voltage margin VthMar-
gin required for threshold voltage compensation to the
maximum threshold voltage VthMax of the drive transistor
Trd. Furthermore, the voltage of the power line VREF and
the voltage of the power line VINI are set in a manner that
no current passes through the organic EL element OEL. To
be more specific, these respective voltages of the power lines
are set to satisfy the following: Voltage of Power Line
VINI<Voltage of Power Line VEL+Forward Current
Threshold Voltage of Organic EL Element OEL; and Voltage
of Power Line VREF<Voltage of Power Line VEL+Forward
Current Threshold Voltage of Organic EL. Element OEL+
Minimum Threshold Voltage VthMin of Drive Transistor
Trd.

(Period T23: Second Initialization Period)

[0189] A period T23 from the time t2 to a time t3 shown
in FIG. 17 is the second initialization period. In the second
initialization period, the voltage of the source electrode of
the drive transistor Trd is corrected to reduce the variation in
the time required to perform threshold voltage compensa-
tion.

[0190] To be more specific, in the second initialization
period, the control unit 20 executes a second initializing step
after the first initializing step. By the second initializing step,
while the application of the reference voltage to the first
electrode of the capacitor element Cs is maintained and the
second switch element Tr2 is maintained in the conducting
state, the application of the drive voltage to the drain
electrode of the drive transistor Trd is started.

[0191] FIG. 19 is a circuit diagram showing the state of the
display pixel PX in the second initialization period.

[0192] More specifically, the second switch element Tr2,
the third switch element Tr3, and the fourth switch element
Trd are set in the conducing state and the first switch element
Trl is set in the non-conducting state in the period 123, as
shown in FIG. 17 and FIG. 19.

[0193] The scanning-line drive circuit 13 maintains the
first switch element Tr1 in the Off state by maintaining the
voltage of the signal line Scan at the L level. Moreover, the
scanning-line drive circuit 13 maintains the second switch
element Tr2 and the third switch element Tr3 in the On state
by maintaining the voltages of the signal line Init and the
signal line Ref at the H level.

[0194] Furthermore, at the start of the period T23, the
scanning-line drive circuit 13 changes the state of the fourth
switch element Trd from the Off state to the On state by
changing the level of the voltage of the signal line Enable
from the L level to the H level.

[0195] At this time, the flow-through current flows from
the power line VIFT to the power line VINI via the fourth
switch element Tr4, the drive transistor Trd, and the second
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switch element Tr2, as shown in FIG. 19. While the second
switch element Tr2 is in the conducting state, the flow-
through current keeps flowing. Thus, the voltage applied to
the source electrode of the drive transistor Trd is influenced
by the On resistance of the second switch element Tr2. In
other words, the second switch element Tr2 operates as the
resistance unit. Hence, the voltage of the source electrode of
the drive transistor Trd at the end of the second initialization
period is expressed as VITFT=(VINI+RonxId).

[0196] As described above, the flow-through current Id is
smaller when the threshold voltage Vth of the drive transis-
tor Trd is larger, and is larger when the threshold voltage Vth
is smaller. To be more specific, when the threshold voltage
Vth is larger, the value expressed as RonxId (the amount of
voltage drop in the resistance unit) is smaller. Then, the
voltage of the source electrode of the drive transistor Trd is
smaller at the end of the initialization period and subse-
quently at the start of the threshold voltage compensation
period.

[0197] FIG. 20 is a graph showing variations in voltage of
the source electrode in the drive transistor in the second
initialization period and the threshold voltage compensation
period. The graph shown in FIG. 20 corresponds to the graph
surrounded by a dashed line in FIG. 17.

[0198] As shown in FIG. 20, when the value of the
threshold voltage Vth is smaller (Vth1<Vth2<Vth3), the
amount of increase in the voltage of the source electrode of
the drive transistor Trd in the second initialization period
T23 (AV1 to AV3) 1s larger (AVI>AV2>AV3),

[0199] It is only required that the second initialization
period has a length that enables the node N2 to charge and
discharge corresponding to a certain amount of voltage.
Note that the length of time for the node N2 to be able to
charge and discharge corresponding to the certain amount of
voltage differs depending on the value of the threshold
voltage Vth.

[0200] For example, assume that the voltage between the
gate electrode and the source electrode of the drive transistor
Trd before the start of the threshold voltage compensation
period is expressed as Vgs=VREF-VINI=6.5 V. When the
threshold voltage Vith is expressed as VthMin=0V, it is only
required that the voltage Vgs of the drive transistor Trd at the
start of the threshold voltage compensation period is
expressed as VthMin+VthMargin=2.5 V. In this case, it is
only required that the node N2 can discharge the charge
quantity cortesponding to the expression 6.5-2.5=4.0 V.
Note that the electrical charge is gradually discharged during
the threshold voltage compensation period in a manner that
Vgs of the drive transistor Trd is reduced from 2.5 Vto 0 V.
[0201] On the other hand, when the threshold voltage Vth
is expressed as VthMax=2 V, it is only required that the
voltage Vgs of the drive transistor Trd at the start of the
threshold voltage compensation period is expressed as Vth-
Max+VthMargin=4.5 V. In this case, it is only required that
the node N2 can discharge the charge quantity correspond-
ing to the expression 6.5-4.5=2.0 V. Note that the electrical
charge is gradually discharged during the threshold voltage
compensation period in a manner that Vgs of the drive
transistor Trd is reduced from 4.5 V to 2 V. The amount of
electrical discharge of the drive transistor Trd during the
threshold voltage compensation period in this case is almost
the same as in the case where the threshold voltage Vith is
VthMin. To be more specific, between the cases where the
threshold voltage Vth is VthMin and where the threshold
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voltage Vth is VthMax, the respective lengths of time it
takes for the operation associated with threshold voltage
compensation to converge are almost the same.

[0202] It is only required that the second initialization
period has a length of time that enables the node N2 to
charge and discharge corresponding to the certain amount of
voltage in a worst case (where the threshold voltage Vth is
VthMin). Moreover, the length of time of the second ini-
tialization period is calculated by adding a charge-discharge
time of the node N2 in the display pixel PX and a time
required to charge and discharge a CR load of the power line
VINI. Thus, a CR time constant of the node N2 is a length
of time to charge and discharge corresponding to an expres-
sion 4 V/6.5 V=62% (=0.96 tau).

[0203] (1) The charge-discharge time of the node N2 in the
display pixel PX is described. The charge-discharge time in
the display pixel PX is expressed as CR Time Constantx
(Cs+Coled)xRon_Drv=0.96x(0.5 pF+2.5 pF)x1 MQ=2.88
psec. Note that the values of Cs, Coled, and Ron_Drv are the
same as those in the first initialization period.

[0204] (2) The time required to charge and discharge the
CR load of the power line VINI is described. Here, assume
that the CR time constant of the power line VINI is almost
the same as the CR time constant of the power line VREF.
In this case, the time required to charge and discharge the
CR load of the power line VINI is expressed as 1.5 usecx
0.96 tau=1.44 psec.

[0205] From the description thus far, the second initial-
ization period is expressed as 2.88 psec+1.44 psec=4.32
psec. As described above, the first initialization period is
12.5 usec. Thus, the second initialization period is shorter
than the first initialization period.

(Period T24: Threshold Voltage Compensation Period)

[0206] A period T24 from the time t3 to a time t4 shown
in FIG. 17 is the threshold voltage compensation period in
which the threshold voltage of the drive transistor Trd is
compensated for.

[0207] In the threshold voltage compensation period, the
control unit 20 executes, after the execution of the second
initializing step, a step of setting the second switch element
in the non-conducting state while the application of the
reference voltage to the first electrode of the capacitor
element Cs is maintained and the application of the drive
voltage to the drain electrode of the drive transistor Trd is
maintained.

[0208] To be more specific, the third switch element Tr3
and the fourth switch element Tr4 are set in the conducting
state and the first switch element Trl and second switch
element Tr2 are set in the non-conducting state in the period
T24, as shown in FIG. 17.

[0209] The scanning-line drive circuit 13 maintains the
first switch element Trl in the Off state by maintaining the
voltage of the signal line Scan at the L level. Moreover, the
scanning-line drive circuit 13 maintains the third switch
element Tr3 and the fourth switch element Tr4 in the On
state by maintaining the voltages of the signal line Ref and
the signal line Enable at the H level.

[0210] Moreover, at the start of the period T24, the scan-
ning-line drive circuit 13 changes the state of the second
switch element Tr2 from the On state to the Off state by
changing the level of the voltage of the signal line Init from
the H level to the L level.
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[0211] In this way, the voltage of the power line VREF is
inputted to the gate electrode of the drive transistor Trd, and
the second switch element Tr2 is set in the non-conducting
state (the Off state) while the fourth switch element Tr4 is set
in the conducting state (the On state). With this, threshold
voltage compensation for the drive transistor Trd can be
started.

[0212] For example, when the threshold voltage is Vthl,
the voltage of the source electrode of the drive transistor Trd
at the end of the second initialization period T23 is
expressed as Power line VREF-Vthl, as shown in FIG. 20.
Thus, when only the first initialization period is provided,
the voltage of the source electrode of the drive transistor Trd
needs to increase by AV15b in threshold voltage compensa-
tion. However, when the second initialization period is also
provided, the voltage of the source electrode of the drive
transistor Trd needs to increase only by AV1a that is smaller
than AV15. In other words, the increase in the voltage during
the threshold voltage compensation period can be sup-
pressed corresponding to the increase in the voltage during
the second initialization period. When the threshold voltage
is Vthl, the increase in the voltage during threshold voltage
compensation is smaller by AV1 in the present embodiment
as compared to the comparative example.

[0213] When the threshold voltage is Vth2 or Vth3, the
increase in the voltage by threshold voltage compensation is
also reduced by AV2 or AV3.

[0214] Moreover, as described above, when the value of
the threshold voltage Vth is smaller (Vth1<Vth2<Vth3), the
amount of increase in the voltage of the source electrode of
the drive transistor Trd in the second initialization period
T23 (AV1 to AV3) is larger (AV1>AV2>AV3) according to
the present embodiment. By comparison between FIG. 3 and
FIG. 20, it can be seen that the variation ATth in the length
of time for threshold voltage compensation (Tthl-
Tth3=ATth) is shorter in the present embodiment than in the
comparative example. More specifically, it can be seen from
FIG. 3 and FIG. 20 that the variation in the length of time
for threshold voltage compensation is reduced.

(Period T25: Third Period)

[0215] A period T25 from the time t4 to a time t5 shown
in FIG. 17 is a period in which the threshold voltage
compensation operation is ended.

[0216] To be more specific, the first switch element Trl,
the second switch element Tr2, and the third switch element
Tr3 are set in the conducting state and the fourth switch
element Tr4 is set in the non-conducting state in the period
T25, as shown in FIG. 17. The control unit 20 executes a
third step of changing the state of the fourth switch element
Trd from the conducting state to the non-conducting state at
the start of the period T25.

[0217] The scanning-line drive circuit 13 maintains the
first switch element Trl and the second switch element Tr2
in the Off state by maintaining the voltages of the signal line
Scan and the signal line Init at the L level. Moreover, the
scanning-line drive circuit 13 maintains the third switch
element Tr3 in the On state by maintaining the voltage of the
signal line Ref at the H level.

[0218] Furthermore, at the start of the period T25, the
scanning-line drive circuit 13 changes the state of the fourth
switch element Tr4 from the On state to the Off state by
changing the level of the voltage of the signal line Enable
from the H level to the L level.
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[0219] In this way, the period T25 is provided in which the
fourth switch element Tr4 is set into the non-conducting
state through an operation by the signal line Enable after the
threshold voltage compensation period. With this, a current
supply from the power line VEL, which is connected to the
anode electrode of the organic EL element OEL, to the node
N2 can be stopped via the drive transistor Trd. Then, after
threshold voltage compensation is reliably ended, a next
operation can be performed.

(Period T26: Fourth Period)

[0220] Inaperiod T26 from the time t5 to a time t6 shown
in FIG. 17, by setting the third switch element Tr3 in the
non-conducting state (the Off state), concurrent applications
of the voltage of the data signal supplied via the signal line
Data and the voltage of the power line VREF to the node N1
are prevented.

[0221] To be more specific, the first switch element Trl,
the second switch element Tr2, the third switch element Tr3,
and the fourth switch element Tr4 are set in the non-
conducting state in the period T26, as shown in FIG. 17. The
control unit 20 executes a fourth step of changing the state
of the third switch element Tr3 from the conducing state to
the non-conducting state at the start of the period T26.
[0222] The scanning-line drive circuit 13 maintains the
first switch element Tr1, the second switch element Tr2, and
the fourth switch element Tr4 in the Off state by maintaining
the voltages of the signal line Scan, the signal line Init, and
the signal line Enable at the L level. Moreover, at the start
of the period T26, the scanning-line drive circuit 13 changes
the state of the third switch element Tr3 from the On state
to the Off state by changing the level of the voltage of the
signal line Ref from the H level to the L level.

[0223] In this way, the period T26 is provided in which the
third switch element Tr3 is further set into the non-conduct-
ing state through an operation by the signal line Ref and the
first switch element Trl and the third switch element Tr3 are
set in the non-conducting state (the Off state) simultane-
ously. With this, the concurrent applications of the voltage of
the data signal supplied from the first switch element Tr1 via
the signal line Data and the voltage of the power line VREF
to the node N1 can be prevented.

[0224] 1t should be noted that the period T25 and the
period T26 may be combined into one petiod by setting the
third switch element Tr3 and the fourth switch element Trd
in the non-conducting state (the Off state) simultaneously.
[0225] The division of the period into the period T25 and
the period T26 has advantages as follows. When the period
T25 and the period T26 are provided separately, the follow-
ing are the advantages: that a period in which the voltage of
the node N1 that is the gate voltage of the drive transistor Trd
is inconstant can be reduced,; that a voltage variation that can
be possibly caused in the inconstant-voltage period can be
suppressed; and that display based on the video signal can be
executed more accurately.

[0226] Moreover, gradation display is achieved according
to a voltage difference between the voltage of the node N1
at the end of the period T26 (at the time t6) and the voltage
of the node N1 at the completion of writing of the voltage
of the data signal received via the signal line Data (writing
of the voltage corresponding to the video signal) (at the time
t27). On this account, it is preferable for the variation in the
voltage of the node N1 during the period T26 to be smaller.
Ideally, since the voltage of the power line VREF is applied
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to the node N1 in the period T24 and the voltage of the node
N1 is stored in the period T25, the display luminance of the
organic EL element OEL is determined based on the voltage
difference (expressed as Voltage of Data Signal-Voltage of
Power Line VREF).

[0227] Here, to accurately reflect the voltage expressed as
Voltage of Data Signal-Voltage of Power Line VREF, the
period T26 should be as short as possible.

[0228] Moreover, the fourth switch element Tr4 connected
to the signal line Enable is connected to the drain side of the
drive transistor Trd, as shown in FIG. 4. When the fourth
switch element Tr4 is formed using an n-type transistor, the
On resistance of the fourth switch element Trd is likely to
become high and a voltage drop due to the On resistance
influences the power consumption of the organic EL panel
11. For this reason, the On resistance should be set as low as
possible when the fourth switch element Trd is formed.
Generally known examples of the method of reducing the
On resistance of the fourth switch element Trd include: a
method of increasing the channel size of the fourth switch
element Trd; and a method of setting the H-level voltage of
the signal line Enable (an On-state control voltage) high.
However, either method causes a fall time of the signal line
Enable to be longer.

[0229] In view of this, the period T25 in which the signal
line Enable is caused to fall before the signal line Ref is
provided according to the present embodiment. With this,
the period in which the voltage of the node N1 is inconstant
can be reduced, or more specifically, the fall time can be
reduced.

(Period T27: Write Period)

[0230] A period T27 from the time t6 to a time t7 shown
in FIG. 17 is the write period. In the write period, the voltage
of the data signal that has a voltage value corresponding to
a gradation value included in the video signal received from
the signal line Data is written into the capacitor element Cs
via the first switch element Trl.

[0231] To be more specific, the first switch element Trl is
set in the conducting state and the second switch element
Tr2, the third switch element Tr3, and the fourth switch
element Tr4 are set in the non-conducting state in the period
T27, as shown in FIG. 17.

[0232] The scanning-line drive circuit 13 maintains the
second switch element Tr2, the third switch element Tr3, and
the fourth switch element Tr4 in the Off state by maintaining
the voltages of the signal line Init, the signal line Ref, and
the signal line Enable at the L. level. Moreover, at the start
of the period T27, the scanning-line drive circuit 13 changes
the state of the first switch element Tr1 from the Off state to
the On state by changing the level of the voltage of the signal
line Scan from the L level to the H level.

[0233] With this, the capacitor element Cs stores (holds),
in addition to the threshold voltage Vth of the drive tran-
sistor Trd stored in the threshold voltage compensation
period, the value obtained by multiplying the voltage dif-
ference between the voltage of the data signal and the
voltage of the power line VREF by the following: (Capacity
of Organic EL. Element OEL)/(Capacity of Organic EL
Element OEL+Capacity of Capacitor Element Cs). Here,
since the fourth switch element Tr4 is in the non-conducting
state, the drive transistor Trd passes no drain current. On this
account, the voltage of the node N2 does not vary signifi-
cantly during the period T27.



US 2018/0108295 A1

[0234] With an increase in the screen size (with an
increase in size of the organic EL panel 11) and an increase
in the number of display pixels PX, the period in which the
data signal is written into the display pixels PX (the hori-
zontal scanning period) is reduced. With the increase in the
screen size, the wiring time constant of the signal line Scan
increases as well. With the reduction in the horizontal
scanning period and the increase in the wiring time constant
of the signal line Scan, it is more difficult to write a voltage
corresponding to a desired gradation value into the display
pixel PX, as compared to a conventional organic EL, panel
11.

[0235] In view of this, the period in which the first switch
element Trl is set in the conducting state (the period T27) is
increased in a manner that the video signal (the voltage of
the data signal) can be taken in within a limited period of
time as shown in FIG. 3, according to the present embodi-
ment. Moreover, in the present embodiment. even when the
signal line Scan has a waveform distortion, the rise of the
signal line Scan is completed before the voltage of the data
signal is inputted into the signal line Data and the first switch
element Trl is then set in the conducting state (the On state).
This prevents a significant variation in the voltage of the
node N2 during the period T27.

[0236] Thus, writing can be reliably performed even when
the organic EL panel 11 has a large screen size and a large
number of pixels and thereby has a large load (the wiring
time constant) for the signal line Scan and a long rise time.
[0237] It should be noted that since driving is executed as
described, the wiring width of the signal line Scan can be
made thinner. In this case, the size (the capacity) of the
capacitor element Cs may be increased by the reduction in
the wiring width, for higher display performance.

[0238] Assume that the capacitor element Cs is small. In
this case, due to a series relationship among the drain-gate
parasitic capacitance of the drive transistor Trd, the capacitor
element Cs, and the capacity of the organic EL element
OEL, the charge quantity stored in the capacitor element Cs
noticeably varies with the variation in the power line VEL.
This leads to a problem in the display performance. Thus,
the ratio between the parasitic capacitance and the storage
capacitance is important for the display performance. It is
preferable for the ratio to be expressed as Storage Capaci-
tance/Parasitic Capacitance>>1.

[0239] In this way, the voltage corresponding to the volt-
age of the data signal and to the threshold voltage of the
drive transistor Trd is stored (held) into the capacitor ele-
ment Cs in the period T27 (the write period).

(Period T28)

[0240] A period T28 from the time t7 to a time t8 shown
in FIG. 17 is a period in which the first switch element Trl
is reliably set in the non-conducting state.

[0241] To be more specific, the first switch element Trl,
the second switch element Tr2, the third switch element Tr3,
and the fourth switch element Tr4 are set in the non-
conducting state in the period 128, as shown in FIG. 17.
[0242] The scanning-line drive circuit 13 maintains the
second switch element Tr2, the third switch element Tr3, and
the fourth switch element Tr4 in the Off state by maintaining
the voltages of the signal line Init, the signal line Ref, and
the signal line Enable at the L level. Moreover, at the start
of the period T28, the scanning-line drive circuit 13 changes
the state of the first switch element Trl from the On state to

Apr. 19,2018

the Off state by changing the level of the voltage of the
signal line Scan from the H level to the L level.

[0243] With this, the first switch element Trl can be
reliably set in the non-conducting state (the Off state) before
the fourth switch element Tr4 is set in the conducting state
(the On state) in a subsequent period T29 (the light emission
period).

[0244] Assume that the period T28 is not provided and that
the first switch element Trl and the fourth switch element
Tr4 are set in the conducting state (the On state) simulta-
neously. In this case, while the drain current of the drive
transistor Trd causes the voltage of the node N2 to increase,
the voltage of the node N1 reaches the voltage of the data
signal. As a result, the source-gate voltage of the drive
transistor Trd is reduced. This case thus leads to a problem
where light with a luminance lower than a desired luminance
is emitted. To prevent this, the present embodiment provides
the period T28 in which the non-conducting state of the first
switch element Trl is ensured reliably, and subsequently
provides the period T29 in which the fourth switch element
Tr4 is set in the conducting state.

(Period T29: Light Emission Period)

[0245] The period T29 from the time t8 to a time t9 shown
in FIG. 17 is the light emission period.

[0246] To be more specific, the fourth switch element Trd
is set in the conducting state and the first switch element Tr1,
the second switch element Tr2, and the third switch element
Tr3 are set in the non-conducting state in the period T29, as
shown in FIG. 17.

[0247] The scanning-line drive circuit 13 maintains the
first switch element Tr1, the second switch element Tr2, and
the third switch element Tr3 in the Off state by maintaining
the voltages of the signal line Scan, the signal line Init, and
the signal line Ref at the L level. Moreover, at the start of the
period T29, the scanning-line drive circuit 13 changes the
state of the fourth switch element Tr4 from the Off state to
the On state by changing the level of the voltage of the signal
line Enable from the L level to the H level.

[0248] When the fourth switch element Tr4 is set in the
conducting state (the On state) in this way, the drive tran-
sistor Trd supplies the organic EL element OEL with the
drive current corresponding to the voltage stored in the
capacitor element Cs. This enables the organic EL element
OEL to emit light.

(Period T30: Second Period)

[0249] A period T30 from the time t9 to the time t0 shown
in FIG. 17 is a period in which all the switches are set in the
non-conducting state and the voltages of the nodes N1 and
N2 are set closer to the voltages to he required in the period
T21.

[0250] To be more specific, the first switch element Trl,
the second switch element Tr2, the third switch element Tr3,
and the fourth switch element Tr4 are set in the non-
conducting state in the period T30, as shown in FIG. 17. At
the start of the period T30, the control unit 20 executes a
second step of setting the first switch element Trl, the
second switch element Tr2, the third switch element Tr3, and
the fourth switch element Trd in the non-conducting state.
[0251] The scanning-line drive circuit 13 maintains the
first switch element Tr1, the second switch element Tr2, and
the third switch element Tr3 in the Off state by maintaining
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the voltages of the signal line Scan, the signal line Init, and
the signal line Ref at the L level. Moreover, at the start of the
period T30, the scanning-line drive circuit 13 changes the
state of the fourth switch element Tr4 from the On state to
the Off state by changing the level of the voltage of the
signal line Enable from the H level to the L level.

[0252] With the period T30 provided between the period
T29 and the period T21, the voltages of the nodes N1 and N2
can be set closer to the voltages to he required in the period
T21 without charge and discharge of current by the power
line.

[0253] To he more specific, in the period T30, the voltage
of the node N2 converges to a voltage expressed as Voltage
of Power Line VEL+Threshold Voltage of Organic EL
Element GEL. Moreover, in the period T30, the voltage of
the node N1 reaches a voltage expressed as Voltage of Node
N2+Voltage stored in Capacitor Element Cs.

[0254] Thus, with the period T30, the voltages of the
nodes N1 and N2 can be reduced by an amount expressed as
Voltage of Organic EL Element OEL at Light Emission Time
Threshold Voltage of Organic EL Element OFL, at the start
of the period T21 (at the time t0) as compared to the end of
the period T29 (at the time t9).

[0255] This reduction in voltage reduces the load of charg-
ing and discharging operations performed using the voltage
of the power line VINI and the voltage of the power line
VREF in the period T21.

[0256] According to the sequence described thus far, the
display pixel PX performs gradation display.

[0257] It should be noted that the control unit 20 line-
sequentially performs the same control on the other display
pixels PX forming the organic EL panel 11.

[3. Advantageous Effect etc.]

[0258] The organic EL display 10 according to the present
embodiment includes the resistance unit that is disposed on
the current path from the node N2 to the power line VINI.
Thus, in the period between the first initialization period and
the threshold voltage compensation period, the source elec-
trode of the drive transistor Trd, that is, the node N2, is
supplied with the voltage, and the voltage of the node N2 can
be adjusted in a manner that the time it takes to perform
threshold voltage compensation is reduced. With this, even
when the threshold voltage compensation period is reduced
because of, for example, the increase in resolution of the
display device, threshold voltage compensation can be pet-
formed with sufficient accuracy.

[0259] Moreover, with the placement of the resistance
unit, when the threshold voltage Vth of the drive transistor
Trd is smaller, the range of adjusting the voltage of the node
N2 in the initialization period can be increased more (see
FIG. 20). Such a configuration can suppress the variation in
the time it takes to perform threshold voltage compensation,
as described above. Thus, the threshold voltage compensa-
tion period can he easily set.

[0260] According to the present embodiment, a simple
configuration providing the resistance unit can reduce the
length of the threshold voltage compensation period and
enhance the accuracy of threshold voltage compensation,
without an increase in the manufacturing cost.

[0261] Although the display device has been described by
way of the embodiments above, it should be obvious that the
present invention is not limited to the embodiments
described above. Other embodiments implemented through
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various changes and modifications conceived by a person of
ordinary skill in the art or through a combination of the
structural elements in different embodiments described
above may be included in the scope in an aspect or aspects
according to the present invention, unless such changes,
modifications, and combination depart from the scope of the
present invention.

[0262] (1) For example, although the second switch ele-
ment Tr2 according to the above embodiment has a smaller
W/L ratio than the other switch elements to function as the
resistance unit, this is not intended to be limiting. For
example, the On resistance of the second switch element Tr2
may be increased by setting the On voltage of the signal line
Init (the voltage of the gate electrode when the switch
element is set in the On state) lower than the On voltages of
the other signal lines. In this case, the On voltage of the
signal line Init may be different for each of the first initial-
ization period and the second initialization period. Alterna-
tively, while the second switch element Tr2 and the other
switch elements have the same W/L ratio, the mobility of the
second switch element Tr2 may be adjusted in the manu-
facturing process to be lower than the mobility of the other
switch elements.

[0263] (2) Moreover, although the second switch element
Tr2 is used as the resistance unit in the above embodiment,
this is not intended to be limiting. The resistance unit may
be provided with a resistance element different from the
second switch element Tr2. The resistance unit may have a
configuration in which, for example, a series circuit of a
switch element and the resistance element is connected to
the second switch element Tr2 in parallel.

[0264] FIG. 21 is a circuit diagram showing another
example of the resistance unit. In this case, since it is only
required that the second switch element Tr2 functions as the
switch, the On resistance may be the same as the On
resistance of the other switch elements. In other words, the
W/L ratio may be the same as the W/L ratio of the other
switch elements. Moreover, when the switch element of the
series circuit is a transistor, the control unit 20 may control
the voltage of the gate electrode of the present switch
element in a manner that the present switch element can
operate with resistance that is sufficiently low so that the
present switch element can be regarded as the switch.
[0265] Each of FIG. 22 and FIG. 23 is a circuit diagram
showing another example of the resistance unit, in each of
FIG. 22 and FIG. 23, the second switch element Tr2 is
directly connected to a resistance element.

[0266] (3) For example, although the display pixel PX
according to the above embodiment includes the five tran-
sistors, the display pixel PX may include only three tran-
sistors (the drive transistor Trd, the first switch element Tr1,
and the second switch element Tr2). In this case, the fourth
switch element Tr4 that switches the state between the drain
electrode of the drive transistor Trd and the power line
VTFT between the conducting and non-conducting states
does not exist. Thus, the first initialization period does not
exist, and only the second initialization period is provided.
However, this has no influence on the essential effect accord-
ing to the present invention that the voltage of the source
electrode of the drive transistor Trd is adjusted according to
the variation AVth of the threshold voltage Vith of the drive
transistor Trd. To obtain the advantageous effect of the
present invention, it is only required that the resistance unit
is disposed on the current path from the connection point of
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the second electrode of the capacitor element and the anode
electrode of the light-emitting element to the power line.
Thus, the configuration may include at least four or six
transistors.

[0267] (4) Furthermore, the resistance unit may be shared
among the plurality of display pixels PX.

[0268] FIG. 24 is a circuit diagram showing an example of
when a single resistance unit is shared by two display pixels
PX. In FIG. 24, one end of the second switch element Tr2
of a display pixel PX1 and one end of the second switch
element Tr2 of a display pixel PX2 are connected to one end
of a switch element TrB. According to a modification shown
in FIG. 24, the second switch elements Tr2 of the display
pixel PX1 and the display pixel PX2 operate as switches,
and the switch element TrB operates as a resistance unit. To
be more specific, the On resistance and W/L ratio of the
second switch element Tr2 are set to be the same as those of
the first switch element Trl. Moreover, the W/L ratio of the
switch element TrB is set to be small in a manner that the On
resistance of the switch element TrB is higher than those of
the first switch element Tr1 and the second switch element
Tr2.

[0269] Here, the flow-through current passing through the
switch element TrB during the second initialization period is
about twice as much as when the resistance unit is provided
for each subpixel. Thus, the voltage of the source electrode
of the drive transistor Trd in the initialization period is
expressed as VIFT-(VINI+Ronx2xId). More specifically,
the variation in the voltage of the source electrode of the
drive transistor at the start of the threshold voltage compen-
sation period is about twice as much as that in the above
embodiment. In other words, the Ron resistance to achieve
the desired value of 3Vgs/aVth is about half as much as in
the above embodiment, and the area of the resistance unit
can he reduced by half. Thus, when the single resistance unit
is shared by the two display pixels, an increase in the layout
size per subpixel can be reduced to about a quarter as
compared to the above embodiment.

[0270] With this, the shared use of the resistance unit
among the plurality of pixels not only suppresses the
increase in the layout size per subpixel, but reduces the area
of the resistance unit. Hence, a higher-resolution panel can
be easily designed.

[0271] (5) Furthermore, the above embodiment describes
an example in which the same voltage is applied to the gate
electrode of the second switch element Tr2 in both the first
initialization period and the second initialization period.
This is not intended to be limiting.

[0272] FIG. 25 is a circuit diagram showing another
example of signal waveforms of the organic EL display 10.
In the example shown in FIG. 25, to cause the second switch
element Tr2 to operate as the switch with resistance as low
as possible, the gate electrode is applied with a voltage in the
same level as the voltage applied to the gate electrodes of the
other switch elements. Thus, the On resistance of the second
switch element Tr2 is lager as compared to the On resistance
in the second initialization period. On the other hand, since
the second switch element Tr2 operates as a resistance in the
second initialization period, the gate electrode of the second
switch element Tr2 is applied with a voltage smaller than the
voltage applied in the first initialization period. Thus, the On
resistance of the second switch element Tr2 is smaller as
compared to the On resistance in the first initialization
period.
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INDUSTRIAL APPLICABILITY

[0273] The present invention can be used for a display
device, such as an organic EL display.

REFERENCE SIGNS LIST

[0274] 10, 100 organic EL display

[0275] 11, 110 organic EL panel

[0276] 12, 120 data-line drive circuit
[0277] 13, 130 scanning-line drive circuit
[0278] 20, 200 control unit

[0279] Cs capacitor element

[0280] N1, N2 node

[0281] OEL organic EL element

[0282] PO, PX, PX1, PX2 display pixel
[0283] Trl first switch element

[0284] Tr2 second switch element

[0285] Tr3 third switch element

[0286] Tr4 fourth switch element

[0287] Trd drive transistor

[0288] VTFT, VINI, VREF, VEL power line

1. A display device comprising a display pixel and a
control unit configured to control driving of the display
pixel,

wherein the display pixel includes:

a light-emitting element;

a capacitor element that holds a voltage;

a drive transistor that has (i) a gate electrode connected to
a first electrode of the capacitor element and (ii) a
source electrode connected to a second electrode of the
capacitor element and to an anode electrode of the
light-emitting element;

a first switch element that switches a state between a
signal line for supplying a voltage corresponding to a
data signal and the first electrode of the capacitor
element, between conducting and non-conducting
states; and

a resistance unit that has a resistance, is configured to be
able to switch a state between a power line for supply-
ing an initialization voltage and the second electrode of
the capacitor element between the conducting and
non-conducting states, and is disposed on a current path
from a connection point of the second electrode of the
capacitor element and the anode electrode of the light-
emitting element to the power line, and

the control unit is configured to correct a threshold
voltage of the drive transistor.

2. The display device according to claim 1,

wherein a resistance value of the resistance unit is set at
a value so that an amount of variation in a voltage
between the gate electrode and the source electrode of
the drive transistor at a start of a period in which the
threshold voltage of the drive transistor is corrected is
at least 0.3 times but no more than 0.7 times as much
as an amount of variation in the threshold voltage of the
drive transistor.

3. The display device according to claim 1,

wherein the resistance unit is a transistor.

4. The display device according to claim 3,

wherein the transistor is a second switch element that
switches the state between the power line for supplying
the initialization voltage and the second electrode of the
capacitor element, between the conducting and non-
conducting states.
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5. The display device according to claim 4,

wherein the second switch element has a higher On
resistance than any other switch element.

6. The display device according to claim 4,

wherein the second switch element has a smaller width-
to-length (W/L) ratio than any other switch element.

7. The display device according to claim 1,

wherein the resistance unit includes:

a second switch element that switches the state between
the power line for supplying the initialization voltage
and the second electrode of the capacitor element,
between the conducting and non-conducting states; and

aresistance element that is connected to the second switch
element in series.

8. The display device according to claim 1,

wherein the resistance unit is shared among a plurality of
the display pixels.

9. A display device control method for controlling a
display device that includes a display pixel and a control unit
that controls driving of the display pixel,

the display pixel including:

a light-emitting element;

a capacitor element that holds a voltage;

a drive transistor that has (i) a gate electrode connected to
a first electrode of the capacitor element and (ii) a
source electrode connected to a second electrode of the
capacitor element and to an anode electrode of the
light-emitting element;

a first switch element that switches a state between a
signal line for supplying a voltage corresponding to a
data signal and the first electrode of the capacitor
element, between conducting and non-conducting
states; and

a resistance unit that has a resistance, is able to switch a
state between a power line for supplying an initializa-
tion voltage and the second electrode of the capacitor
element between the conducting and non-conducting
states, and is disposed on a current path from a con-
nection point of the second electrode of the capacitor
element and the anode electrode of the light-emitting
element to the power line,

the resistance unit being a second switch element that
switches the state between the power line for supplying
the initialization voltage and the second electrode of the
capacitor element, between the conducting and non-
conducting states and
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the method comprising:
applying, by the control unit, a drive voltage to a drain
electrode of the drive transistor to drive the light-
emitting element, while applying the initialization volt-
age to the second electrode by applying a reference
voltage to the first electrode of the capacitor element
and by setting the second switch element in the con-
ducting state; and
setting, by the control unit, the second switch element in
the non-conducting state after the applying of the drive
voltage, while maintaining the application of the ref-
erence voltage to the first electrode and maintaining the
application of the drive voltage to the drain electrode of
the drive transistor.
10. The display device control method according to claim
9,
wherein the applying of the drive voltage includes:
applying the initialization voltage to the second electrode
by applying the reference voltage to the first electrode
of the capacitor element and by setting the second
switch element in the conducting state, while the appli-
cation of the drive voltage to the drain electrode of the
drive transistor is stopped; and
starting the application of the drive voltage to the drain
electrode of the drive transistor after the applying of the
initialization voltage, while maintaining the application
of the reference voltage to the first electrode and
maintaining the second switch element in the conduct-
ing state.
11. The display device control method according to claim
10,
wherein, in the starting of the application of the drive
voltage, the control unit performs control to cause a
voltage applied to a gate electrode of the second switch
element to be lower than a voltage applied to a gate
electrode of any other switch element.
12. The display device control method according to claim
10,
wherein the second switch element is a transistor, and
the control unit performs control to cause a voltage
applied to a gate electrode of the second switch element
in the starting of the application of the drive voltage to
be lower than a voltage applied to the gate electrode of
the second switch element in the applying of the
initialization voltage.
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