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DISPLAY DEVICE AND METHOD FOR
CONTROLLING THE SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application is based on and claims
priority of Japanese Patent Application No. 2016-008238
filed on Jan. 19, 2016. The entire disclosure of the above-
identified application, including the specification, drawings
and claims is incorporated herein by reference in its entirety.

FIELD

[0002] The present disclosure relates to display devices
and in particular to a display device including pixels each of
which includes an EL (electroluminescent) element and a
drive transistor which controls a current flowing through the
EL element, and a method for controlling the display device.

BACKGROUND

[0003] in recent years, a display device using organic EL
is drawing attention as one of next-generation flat panel
displays as a substitute for liquid crystal display devices.
Active-matrix display devices such as display devices using
organic EL include thin-film transistors (TFTs) as drive
transistors in respective pixels of the display devices.
[0004] In a drive transistor including a TFT, a threshold
voltage shifts due to voltage stress such as a gate-source
voltage when a current is applied. In addition, a shift amount
of the threshold voltage differs from pixel to pixel included
in a display device. The shift of the threshold voltage causes
a variation in an amount of current supplied to an organic EL
element. Thus, this may affect luminance control of the
display device, and degrade display quality.

[0005] A technique is known which, in order to compen-
sate a threshold voltage of a drive transistor, applies to the
drive transistor a compensation voltage for compensating
the threshold voltage, in a period other than a period in
which a video signal voltage is applied to the drive transistor
(for example, Patent Literature (PTL) 1).

CITATION LIST
Patent Literature

[PTL 1]

[0006] Japanese Unexamined Patent Application Publica-
tion No. 2009-47818

SUMMARY

Technical Problem

[0007] The display device disclosed by PTL 1 applies a
compensation voltage multiple times to further ensure com-
pensation for a threshold voltage.

[0008] However, with a threshold voltage compensation
method disclosed by PTL 1, compensation for a threshold
voltage continues in a period in which a compensation
voltage is not applied, and thus a degree of the compensation
for the threshold voltage varies according to the length of the
period in which the compensation voltage is not applied. In
other words, the degree of the compensation varies accord-
ing to the length of a period from when a compensation
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voltage is applied to a drive transistor to when a video signal
voltage is applied, and thus luminance of a display device
may vary according to the degree of the compensation for
the threshold voltage.

[0009] The present disclosure has been conceived in view
of the above problem, and an object of the present disclosure
is to provide a display device capable of reducing a variation
in a degree of compensation for a threshold voltage in a
drive transistor, and a method for controlling the display
device.

Solution to Problem

[0010] In order to achieve the above object, a display
device according to an aspect of the present disclosure
includes: a plurality of pixels each of which includes an
electroluminescent (EL) element and a drive transistor
which controls a current flowing through the EL element; a
gate driver circuit which applies, to each of the plurality of
pixels, a compensation voltage for compensating a threshold
voltage of the drive transistor, in each of compensation
voltage application periods included in a period other than a
period in which a video signal voltage is applied; and a
control circuit which controls the gate driver circuit, wherein
the control circuit adjusts a length of, among the compen-
sation voltage application periods, a preceding compensa-
tion voltage application period immediately before the video
signal voltage is applied.

[0011] Moreover, in order to achieve the above object, a
method for controlling a display device according to an
aspect of the present disclosure is a method for controlling
adisplay device including a plurality of pixels each of which
includes an EL element and a drive transistor which controls
a current flowing through the EL element, the method
including: applying, to each of the plurality of pixels, a
compensation voltage for compensating a threshold voltage
of the drive transistor, in each of compensation voltage
application periods included in a period other than a period
in which a video signal voltage is applied; and adjusting a
length of, among the compensation voltage application
periods, a preceding compensation voltage application
period immediately before the video signal voltage is
applied.

Advantageous Effects

[0012] The present disclosure can provide a display device
capable of reducing a variation in a degree of compensation
for a threshold voltage in a drive transistor, and a method for
controlling the display device.

BRIEF DESCRIPTION OF DRAWINGS

[0013] These and other objects, advantages and features of
the disclosure will become apparent from the following
description thereof taken in conjunction with the accompa-
nying drawings that illustrate a specific embodiment of the
present disclosure.

[0014] FIG. 1is a functional block diagram illustrating an
entire configuration of a display device according to an
embodiment.

[0015] FIG. 2 is a circuit diagram illustrating an exem-
plary circuit configuration of a pixel according to the
embodiment.
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[0016] FIG. 3 is a timing diagram illustrating simplified
operations of the display device according to the embodi-
ment.

[0017] FIG. 4 is a timing diagram illustrating a relation-
ship between a voltage applied to a data line and signals
inputted to a scan line according to the embodiment.
[0018] FIG. 5 is a flow chart illustrating a method for
controlling the display device according to the embodiment.
[0019] FIG. 6 is a diagram illustrating a compensation
operation of the display device according to the embodi-
ment.

[0020] FIG. 7 is a diagram illustrating a compensation
operation of the display device according to a comparative
example.

[0021] FIG. 8 is a thin flat-panel TV which includes the
display device according to the embodiment.

DESCRIPTION OF EMBODIMENTS

[0022] Hereinafter, embodiments of the present disclosure
will be described with reference to the drawings. It is to be
noted that the embodiments described below each show a
specific example of the present disclosure. The numerical
values, shapes, materials, structural components, the
arrangement and connection of the structural components,
steps, order of the steps, etc. indicated in the following
embodiments are mere examples, and therefore are not
intended to limit the present disclosure. Therefore, among
the structural components in the following embodiments,
components not recited in any of the independent claims
which indicate the broadest concepts of the present disclo-
sure are described as arbitrary structural components.

[0023] It is to be noted that the respective figures are
schematic diagrams and are not necessarily precise illustra-
tion. Additionally, in the respective figures, substantially
identical components are assigned the same reference signs,
and overlapping description is omitted or simplified.

Embodiment

(Entire Configuration of Display Device)

[0024] First, an entire configuration of a display device
according to an embodiment will be described with refer-
ence to the drawings.

[0025] FIG.11is a functional block diagram illustrating the
entire configuration of a display device 1 according to the
embodiment.

[0026] The display device 1 according to the embodiment
includes a display unit 2, a power supply unit 3, a data line
driver circuit 40, a gate driver circuit 50, and a control circuit
60.

[0027] The display unit 2 is a display panel on which
pixels 20 each of which includes an organic EL element and
a circuit element for driving the organic EL element to emit
light are arranged in a matrix.

[0028] The power supply unit 3 feeds a power supply
voltage to each pixel 20 via a power feeding line 30 disposed
in an outer circumference area of the display unit 2. It is to
be noted that the power feeding line 30 includes a positive
voltage feeding line which transmits a positive power supply
voltage, and a negative voltage feeding line which transmits
a negative power supply voltage having a lower potential
than the positive power supply voltage.
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[0029] The control circuit 60 controls the data line driver
circuit 40 and the gate driver circuit 50. The control circuit
60 generates a gradation signal corresponding to luminance
of each organic EL element, based on a video signal inputted
from the outside, and outputs the generated gradation signal
to the data line driver circuit 40. In the embodiment, the
control circuit 60 outputs to the data line driver circuit 40 a
signal indicating a magnitude of a compensation voltage for
compensating a threshold voltage of the drive transistor
included in each pixel 20.

[0030] Moreover, the control circuit 60 generates a control
signal for controlling the gate driver circuit 50, based on a
synchronization signal to be inputted, and outputs the gen-
erated control signal to the gate driver circuit 50. In the
embodiment, the control circuit 60 outputs to the gate driver
circuit 50 a signal for controlling a timing and a period with
and in which a compensation voltage for compensating a
threshold voltage of the drive transistor included in each
pixel 20 is applied. Specifically, the control circuit 60
includes a CPU and a timing controller. In the control circuit
60, the CPU controls the timing controller based on an
inputted synchronization signal, to cause the timing control-
ler to Output the control signal to the data line driver circuit
40 and the gate driver circuit 50. The operation of the control
circuit 60 will be described in detail below.

[0031] The data line driver circuit 40 drives data lines of
the display unit 2 based on the gradation signal generated by
the control circuit 60. More specifically, the data line driver
circuit 40 outputs to each pixel circuit a video signal voltage
(data voltage) reflecting a video signal, based on the video
signal and a horizontal synchronization signal. In the
embodiment, the data line driver circuit 40 also outputs a
compensation voltage for compensating a threshold voltage
of the drive transistor included in each pixel 20.

[0032] The gate driver circuit 50 drives scan lines etc. of
the display unit 2 based on the control signal generated by
the control circuit 60. More specifically, the gate driver
circuit 50 outputs a scan signal etc. to each pixel circuit on
at least a display line unit basis, based on a vertical syn-
chronization signal and a horizontal synchronization signal.
In the embodiment, the gate driver circuit 50 drives the scan
lines to apply to each pixel 20 the compensation voltage for
compensating the threshold voltage of the drive transistor
included in each pixel 20, in each of compensation voltage
application periods included in a period other than a period
in which the video signal voltage is applied. The operation
of the gate driver circuit 50 will be described in detail below.

(Configuration of Pixel)

[0033] Next, the pixel 20 of the display device 1 according
to the embodiment will be described with reference to the
drawings.

[0034] FIG. 2 is a circuit diagram illustrating an exem-
plary circuit configuration of the pixel 20 according to the
embodiment.

[0035] As illustrated by FIG. 2, the pixel 20 includes a
scan line SCN, a data line DATA, an initialization control
line INI, a selection transistor 21, a drive transistor 22, a
capacitance element 23, an initialization transistor 24, and
an organic EL element 25.

[0036] The scan line SCN is connected to the gate driver
circuit 50 and the gate terminal of the selection transistor 21.
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The gate driver circuit 50 inputs to the scan line SCN a
signal for controlling conduction and non-conduction of the
selection transistor 21.

[0037] The data line DATA is connected to the data line
driver circuit 40 and the source terminal of the selection
transistor 21. The data line driver circuit 40 applies to the
data line DATA a video signal voltage which is a luminance
signal, and a compensation voltage for compensating a
threshold voltage of the drive transistor 22.

[0038] The initialization control line INI is connected to
the gate driver circuit 50 and the gate terminal of the
initialization transistor 24. The gate driver circuit 50 inputs
to the initialization control line INI a signal for controlling
conduction and non-conduction of the initialization transis-
tor 24.

[0039] The selection transistor 21 has the gate terminal
connected to the scan line SCN, and controls a timing for
supplying the video signal voltage and the compensation
voltage of the data line DATA to the gate terminal of the
drive transistor 22. In the embodiment, the selection tran-
sistor 21 includes a TFT. The selection transistor 21 has the
source terminal connected to the data line DATA at a node
N1, and the drain terminal connected to the gate terminal of
the drive transistor 22 and one of the electrodes of the
capacitance element 23 at a node N2.

[0040] The drive transistor 22 controls a current flowing
through the organic EL element 25. In the embodiment, the
drive transistor 22 includes a TFT. The drive transistor 22
has the gate terminal connected to the data line DATA via the
selection transistor 21 at the node N1, the source terminal
connected to the anode terminal of the organic EL element
25 (i.e., node N3), and the drain terminal connected to an
anode power line Vce. With this, the drive transistor 22
converts the video signal voltage supplied to the gate
terminal into a signal current corresponding to the video
signal voltage, and supplies the converted signal current to
the organic EL element 25.

[0041] The organic EL element 25 serves as a light-
emitting element. The organic EL element 25 has a cathode
terminal connected to a cathode power line Vecat. The
organic EL element 25 has the anode terminal connected to
the source terminal of the drive transistor 22 the other of the
electrodes of the capacitance element 23, and one of the
source terminal and the drain terminal of the initialization
transistor 24 at the node N3.

[0042] The initialization transistor 24 is a switch element
which switches between conduction and non-conduction
between the node N3 and an initialization power line Vini.
In the embodiment, the initialization transistor 24 includes a
TFT. The initialization transistor 24 has the gate terminal
connected to the initialization control line TNI, one of the
source terminal and the drain terminal connected to the node
N3, and the other of the source terminal and the drain
terminal connected to the initialization power line Vini.
[0043] The capacitance element 23 is a capacitor for
maintaining a gate voltage. The capacitance element 23 has
one of the electrodes connected to the node N2, and the other
of the electrodes connected to the node N3. For example,
after the selection transistor 21 is turned off, the capacitance
element 23 is capable of maintaining a gate voltage of the
drive transistor 22 immediately before the selection transis-
tor 21 is turned off, and continuously causing the drive
transistor 22 to supply a drive current to the organic EL
element 25.
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[0044] Tt is to be noted that although not illustrated by
FIGS. 1 and 2, the anode power line Ve, the initialization
power line Vini, and the cathode power line Vcat are
connected to the power supply unit 3, and voltage is applied
to the anode power line Vcc, the initialization power line
Vini, and the cathode power line Vcat.

[0045] A data voltage supplied from the data line driver
circuit 40 is applied to the gate terminal of the drive
transistor 22 via the selection transistor 21. The drive
transistor 22 passes a current corresponding to the data
voltage between the source terminal and the drain terminal.
The current flowing through the organic EL element 25
causes the organic EL element 25 to emit light at luminance
corresponding to the current.

[0046] It is to be noted that any circuit element, any line,
etc. may be inserted in a path connecting each circuit
element in the circuit configuration of the pixel 20 illustrated
by FIG. 2.

(Operation of Display Device)

[0047] Next, simplified operations of the display device 1
according to the embodiment will be described with refer-
ence to the drawings.

[0048] FIG. 3 is a timing diagram illustrating simplified
operations of the display device 1 according to the embodi-
ment. FIG. 3 shows a vertical synchronization signal
(Vsync), a video signal, and a horizontal synchronization
signal which are to be inputted to the control circuit 60, a
signal to be inputted to the initialization control line INI, and
a signal to be inputted to a scan line SCN of an n-th row. In
addition, FIG. 3 shows a simplified waveform of a pixel
voltage. Here, the pixel voltage is a voltage applied between
the gate terminal and the source terminal of the drive
transistor 22.

[0049] As illustrated by FIG. 1, the control circuit 60
receives a video signal including a vertical synchronization
signal and a horizontal synchronization signal. The control
circuit 60 inputs a control signal to each of the gate driver
circuit 50 and the data line driver circuit 40 based on the
video signal.

[0050] As many horizontal synchronization signals as the
number of rows of the pixels 20 arranged in the matrix are
inputted to the control circuit 60, and the control circuit 60
outputs a control signal to the gate driver circuit 50 based on
the horizontal synchronization signals etc. The gate driver
circuit 50 inputs a signal to the scan line SCN based on the
control signal inputted from the control circuit 60. With this,
for example, in addition to a horizontal synchronization
signal corresponding to the n-th row of the display unit 2, a
high-level signal is inputted from the scan line SCN to the
gate terminal of the selection transistor 21 in the pixel 20
disposed in the n-th row. Consequently, conduction is made
between the drain terminal and the source terminal of the
selection transistor 21. At this time a video signal voltage
corresponding to video data is inputted to the data line
DATA, and thus a voltage corresponding to the video signal
voltage is applied to the gate terminal of the drive transistor
22. This causes the organic EL element 25 of the pixel 20 in
the n-th row to emit light at luminance corresponding to the
video data. Likewise, a video signal voltage corresponding
to video data is applied to the pixels 20 in each row for every
horizontal scan period 1H corresponding to an interval
between horizontal synchronization signals.
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[0051] In the embodiment, as illustrated by FIG. 3, a
compensation operation for compensating a threshold volt-
age of the drive transistor 22 of the pixel 22 is performed
before a video signal voltage corresponding to video data is
applied to the drive transistor 22. In other words, a voltage
substantially equal to the threshold voltage of the drive
transistor 22 is applied between the gate terminal and the
source terminal of the drive transistor 22 immediately before
the video signal voltage is applied to the drive transistor 22.
This reduces a variation (shift) in the threshold voltage of the
drive transistor 22 and degradation of display quality of the
display device 1 which results from differences in threshold
voltages of the drive transistors 22 among the pixels 20.
[0052] Specifically, the gate driver circuit 50 applies to
each of the pixels 20 the compensation voltage for compen-
sating the threshold voltage of the drive transistor 22 in each
of compensation voltage application periods included in a
period other than a period in which the video signal voltage
is applied. In the embodiment, as illustrated by FIG. 3, the
data line driver circuit 40 applies to the data line DATA a
voltage corresponding to the compensation voltage before
the video data is inputted to the pixel 20. In addition, the gate
driver circuit 50 inputs a high-level signal to the scan line
SCN in a compensation voltage application period. With
this, the compensation voltage is applied to the gate terminal
of the drive transistor 22 in the compensation voltage
application period.

[0053] In the embodiment, the compensation voltage is
applied to the gate terminal of the drive transistor 22 using
the data line DATA as described above. A configuration for
applying a compensation voltage using the data line DATA
will be described with reference to the drawings.

[0054] FIG. 4 is a timing diagram illustrating a relation-
ship between a voltage applied to the data line DATA and
signals inputted to the scan line SCN according to the
embodiment.

[0055] As illustrated by FIG. 4, a horizontal scan period
includes a period in which a compensation voltage is applied
to the data line DATA and a period in which a video signal
voltage is applied to the data line DATA. A signal pulse for
forming a compensation voltage application period is input-
ted to the scan line SCN of a pixel row for which a
compensation operation is performed. In addition, a signal
pulse for compensation voltage application and a signal
pulse for video signal voltage application are inputted to a
pixel row to which a video signal voltage is applied, in the
horizontal scan period. For example, the signal pulse for
compensation voltage application and the signal pulse for
video signal voltage application are applied to the first pixel
row, in a horizontal scan period H1 in which only the signal
for compensation voltage application is inputted to the
second pixel row in FIG. 4. For this reason, this horizontal
scan period includes a period in which a compensation
voltage is applied to the data line DATA and a period in
which a video signal voltage to be applied to the first pixel
row is applied.

[0056] Likewise, the signal for video signal voltage appli-
cation is applied to the second pixel row in a horizontal scan
period H2 illustrated by FIG. 4, and the signal for video
signal voltage application is applied to the third pixel row in
a horizontal scan period H3 illustrated by FIG. 4.

[0057] As just described, the compensation voltage and
the video signal voltage are sequentially applied to the data
line DATA in each of the horizontal scan periods. Accord-
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ingly, the compensation voltage cannot be applied to the data
line DATA in a period in which the video signal voltage is
applied to a row other than the n-th row illustrated by FIG.
3 using the data line DATA. In view of this, as illustrated by
FIG. 4, the compensation voltage is applied in a period in
which the video signal voltage is not applied to the data line
DATA and which is included in the horizontal scan period.
For this reason, in the embodiment, the compensation volt-
age is applied in each of the compensation voltage applica-
tion periods.

[0058] In the embodiment, as illustrated by FIG. 3, a
high-level signal is inputted to the initialization control line
INI of the n-th row before the start of the compensation
operation. Consequently, conduction is made between the
source terminal and the drain terminal of the initialization
transistor 24, and a voltage of the initialization power line
Vini is applied to the node N3. The voltage of the initial-
ization power line Vini is set to be -2 V, for example.
[0059] As above, the compensation voltage is applied to
the gate terminal of the drive transistor 22 with the voltage
of the initialization power line Vini applied to the node N3,
that is, the source terminal of the drive transistor 22. The
compensation voltage is set to be +4 V, for example. As a
result, the voltage of 6 V is applied between the gate
terminal (node N2) and the source terminal (node N3) of the
drive transistor 22 at the start of the first compensation
voltage application period T1 illustrated by FIG. 3. In short,
the pixel voltage illustrated by FIG. 31s 6 V. It is to be noted
that the threshold voltage of the drive transistor 22 is
assumed to be approximately 2 V, for example.

[0060] Here, for example, the positive voltage of approxi-
mately 15 V is applied to the anode power line Vec, and the
voltage of 0 V is applied to the cathode power line Veat (i.e.,
grounded). For this reason, the voltage of 6V higher than the
threshold voltage is applied between the gate terminal and
the source terminal of the drive transistor 22 to pass a current
from the drain terminal of the drive transistor 22 to the
source terminal of the same in the first compensation voltage
application period T1. With this, parasitic capacitance of the
organic EL element 25 is charged, and an electric potential
of the source terminal (node N3) of the drive transistor 22
rises. Accordingly, as illustrated by FIG. 3, a voltage
between the gate terminal and the source terminal of the
drive transistor 22, that is, the pixel voltage drops in the first
compensation voltage application period T1.

[0061] Next, when the first compensation voltage appli-
cation period T1 is ended by changing, from a high level to
alow level, a signal to be inputted to the scan line SCN from
the gate driver circuit 50, the drop in pixel voltage slackens.
In other words, as illustrated by FIG. 3, the pixel voltage
drops more gently in a period T0 between the first compen-
sation voltage application period T1 and the next compen-
sation voltage application period T2 than in the first com-
pensation voltage application period T1.

[0062] Next, a signal to be inputted to the scan line SCN
from the gate driver circuit 50 is changed again from the low
level to the high level. With this, when the second compen-
sation voltage application period T2 is started, the compen-
sation voltage of +4 V is applied again to the gate terminal
of the drive transistor 22. Moreover, the initialization tran-
sistor 24 is not conducted in any compensation voltage
application period after the second compensation voltage
application period. For this reason, a potential of the source
terminal of the drive transistor 22 is higher than -2 V.
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Accordingly, the pixel voltage at the start of the second
compensation voltage application period T2 is lower than
the pixel voltage (6 V) at the start of the first compensation
voltage application period T1, and thus a current flowing
from the drain terminal of the drive transistor 22 to the
source terminal of the same is smaller than a current in the
first compensation voltage application period T1. Further-
more, the drop in pixel voltage is gentler in the second
compensation voltage application period T2 than in the first
compensation voltage application period T1. As illustrated
by FIG. 3, the pixel voltage drops in the same manner in any
compensation voltage application period after the second
compensation voltage application period T2, and gradually
approaches the threshold voltage.

[0063] In the above compensation operation, a predeter-
mined number of compensation voltage application periods
in a series of compensation operations is determined by
properly setting a time Tdc, illustrated by FIG. 3, from when
the gate driver circuit 50 receives a vertical synchronization
signal V1 to when the compensation operation is started.
Here, the series of the compensation operations denotes a
compensation operation performed every time a video signal
voltage is applied to the gate terminal of the drive transistor
22. Stated differently, the number of the compensation
voltage application periods in the series of the compensation
operations denotes the number of compensation voltage
application periods per time interval between vertical syn-
chronization signals. In the embodiment, the number of the
compensation voltage application periods is approximately
from 20 to 30, for example. It is to be noted that in FIG. 3
the timing diagram is simplified by showing a fewer number
of the compensation voltage application periods than in
reality.

[0064] On the other hand, a timing for applying a video
signal voltage to the gate terminal of the drive transistor 22
is determined with reference to a point in time when the gate
driver circuit 50 receives a vertical synchronization signal
V2 subsequent to the vertical synchronization signal V1. In
a word, as illustrated by FIG. 3, a video signal voltage is
applied to the gate terminal of the drive transistor 22 after a
time Tdv has passed since the gate driver circuit 50 received
the vertical synchronization signal V2. As seen above, the
vertical synchronization signal V1 to be a reference for
determining a timing for starting a compensation operation
is different from the vertical synchronization signal V2 to be
a reference for determining a timing for applying a video
signal voltage. In addition, an interval at which the gate
driver circuit 50 receives a vertical synchronization signal is
not constant. Specifically, the interval at which the gate
driver circuit 50 receives the vertical synchronization signal
may shift from a representative interval Tvs (i.e., average
interval) by approximately the horizontal scan period 1H.
Accordingly, a time from the start of the compensation
operation to the application of the video signal voltage may
vary by approximately the horizontal an period 1H.

[0065] Here, even when the time from the start of the
compensation operation to the application of the video
signal voltage varies, it may be presumed that a degree of
compensation for a threshold voltage is set to be constant by
performing the compensation operation to set the number of
the compensation voltage application periods to be constant.
As described above, however, in the compensation opera-
tion, the pixel voltage drops even in a period in which the
compensation voltage is not applied (see period T0 in FIG.
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3, for example), and thus the degree of the compensation for
the threshold voltage varies depending on the variation in
the time from the start of the compensation operation to the
application of the video signal voltage.

[0066] In view of this, in the embodiment, the control
circuit 60 adjusts, among the compensation voltage appli-
cation periods, a preceding compensation voltage applica-
tion period Te immediately before the video signal voltage
is applied. This reduces the variation in the degree of the
compensation for the threshold voltage which results from
the variation in the time from the start of the compensation
operation to the application of the video signal voltage.
Hereinafter, a method for adjusting the preceding compen-
sation voltage application period Te immediately before the
video signal voltage is applied will be described with
reference to the drawings.

[0067] FIG. 5 is a flow chart illustrating a method for
controlling the display device 1 according to the embodi-
ment.

[0068] FIG. 6 is a diagram illustrating a compensation
operation of the display device 1 according to the embodi-
ment. FIG. 6 illustrates three timing diagrams (a), (h), and
(¢) for compensation operation each of which corresponds to
a different one of three timing examples of a vertical
synchronization signal. In addition, FIG. 6 illustrates three
simplified waveforms of a pixel voltage each of which
corresponds to a different one of the three timing examples
of the vertical synchronization signal.

[0069] As illustrated by FIG. 5, in the display device 1
according to the embodiment, the control circuit 60 first
determines whether a vertical synchronization signal is
received (S10). When the vertical synchronization signal is
not received (No in S10), the control circuit 60 repeats step
S10 until the vertical synchronization signal is received.

[0070] When a vertical synchronization signal V1 illus-
trated by FIG. 6 is received (Yes in S10), the control circuit
60 outputs a control signal to the gate driver circuit 50 to
start a compensation operation after a predetermined time
Tdc has passed since the vertical synchronization signal was
received (S12). In other words, based on the control signal
from the control circuit 60, the gate driver circuit 50 applies
to each of the pixels 20 a compensation voltage for com-
pensating a threshold voltage of the drive transistor 22 in
each of compensation voltage application periods included
in a period other than a period in which a video signal
voltage is applied.

[0071] Specifically, the gate driver circuit 50 inputs a
high-level signal to the initialization control INI to conduct
between the drain terminal and the source terminal of the
initialization transistor 24, and to apply to the source termi-
nal of the drive transistor 22 a voltage of the initialization
power line Vini. Moreover, the gate driver circuit 50 inputs
the high-level signal to the scan line SCN with the compen-
sation voltage applied to the data line DATA, to conduct
between the drain terminal and the source terminal of the
selection transistor 21, and to apply the compensation volt-
age to the gate terminal of the drive transistor 22. The gate
driver circuit 50 repeats, a predetermined number of times,
the application of the compensation voltage to the gate
terminal of the drive transistor 22 in a predetermined com-
pensation voltage application period. As illustrated by FIG.
6, this allows a pixel voltage to gradually approach the
threshold voltage of the drive transistor 22.
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[0072] After starting the aforementioned compensation
operation, the control circuit 60 determines whether a vet-
tical synchronization signal is received (S14). When the
vertical synchronization signal is not received (No in S14),
the control circuit 64 repeats step S14 until the vertical
synchronization signal is received.

[0073] When a vertical synchronization signal V2a, V25,
or V2¢ illustrated by FIG. 6 is received (Yes in S14), the
control circuit 60 adjusts the length of a preceding compen-
sation voltage application period immediately before a video
signal voltage is applied (S16).

[0074] For example, a case will be described where the
vertical synchronization signal V2a illustrated by FIG. 6 is
received. In this case, an interval between the vertical
synchronization signal V1 and the vertical synchronization
signal V2a received subsequent to the vertical synchroniza-
tion signal V1 is shorter than the representative (average)
interval Tvs by the horizontal scan period 1H. In other
words, the vertical synchronization signal V2a is preceden-
tially received by the horizontal scan period 1H as compared
to the vertical synchronization signal V25, an exemplary
vertical synchronization signal received with a representa-
tive timing. As illustrated by the timing diagram (a) in FIG.
6, in such a case, an entire period for compensation opera-
tion is shorter than in a case where the vertical synchroni-
zation signal V25 is received. For this reason, assuming that
the length of the compensation voltage application period is
not adjusted, a degree of compensation for a threshold
voltage is smaller than in the case where the vertical
synchronization signal V25 is received.

[0075] In view of this, in this case, a preceding compen-
sation voltage application period Tea immediately before the
video signal voltage is applied to the gate terminal of the
drive transistor 22 is adjusted to be longer than a compen-
sation voltage application period Teb in the case where the
vertical synchronization signal V25 is received. A drop rate
of a pixel voltage per unit time is greater in a compensation
voltage application period than in a period in which a
compensation voltage is not applied, and thus extending the
compensation voltage application period makes it possible
to increase the degree of the compensation for the threshold
voltage. This reduces a difference between the degree of the
compensation for the threshold voltage in the case where the
vertical synchronization signal V2a is received, and the
degree of the compensation for the threshold voltage in the
case where the vertical synchronization signal V2b is
received.

[0076] On the other hand, in the case where the vertical
synchronization signal V2¢ illustrated by FIG. 6 is received,
an interval between the vertical synchronization signal V1
and the vertical synchronization signal V2¢ received subse-
quent to the vertical synchronization signal V1 is longer than
the representative interval Tvs by the horizontal scan period
1H. In other words, the vertical synchronization signal V2¢
is belatedly received by the horizontal scan period 1H as
compared to the vertical synchronization signal V2b, an
exemplary vertical synchronization signal received with a
representative timing. As illustrated by the timing diagram
(¢) in FIG. 6, in such a case, an entire period for compen-
sation operation is longer than in the case where the vertical
synchronization signal V2b is received. For this reason,
assuming that the length of the compensation voltage appli-
cation period is not adjusted, a degree of compensation for
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a threshold voltage is greater than in the case where the
vertical synchronization signal V2b is received.

[0077] In view of this, in this case, a preceding compen-
sation voltage application period immediately before the
video signal voltage is applied to the gate terminal of the
drive transistor 22 is adjusted to be shorter than the com-
pensation voltage application period Teb in the case where
the vertical synchronization signal V2b is received. In the
embodiment, the preceding compensation voltage applica-
tion period is zero. As seen above, in the embodiment, one
aspect of shortening the preceding compensation voltage
application period includes setting the preceding compen-
sation voltage application period to be zero, that is, decreas-
ing the number of the compensation voltage application
periods. The drop rate of the pixel voltage per unit time is
greater in the compensation voltage application period than
in the period in which the compensation voltage is not
applied, and thus shortening the compensation voltage appli-
cation period makes it possible to decrease the degree of the
compensation for the threshold voltage. This reduces a
difference between the degree of the compensation for the
threshold voltage in the case where the vertical synchroni-
zation signal V2¢ is received, and the degree of the com-
pensation for the threshold voltage in the case where the
vertical synchronization signal V2b is received.

[0078] As mentioned above, the display device 1 accord-
ing to the embodiment adjusts the length of the preceding
compensation voltage application period immediately
before the video signal voltage is applied to the gate terminal
of the drive transistor 22. More specifically, the control
circuit 60 adjusts the length of the preceding compensation
voltage application period, based on the timing of the
vertical synchronization signal. In the embodiment, the
control circuit 60 adjusts the preceding compensation volt-
age application period to be longer as an interval between
two vertical synchronization signals immediately before the
video signal voltage is applied is shorter. As shown by the
waveform of the pixel voltage in FIG. 6, this makes it
possible to reduce the variation in the pixel voltage when the
video signal voltage is inputted, that is, the variation in the
degree of the compensation for the threshold voltage.
Accordingly, it is possible to reduce the variation in the
luminance of the pixel 20 caused by the degree of the
compensation for the threshold voltage varying.

[0079] Itis to be noted that the gate driver circuit 50 may
include, as a specific configuration for adjusting only the
preceding compensation voltage application period imme-
diately before the video signal voltage is applied as
described above, a signal pulse generation circuit for creat-
ing the preceding compensation voltage application period
for the gate driver circuit 50. More specifically, the gate
driver circuit 50 includes, for example, a shift register for
creating the preceding compensation voltage application
period in addition to a shift register for creating a compen-
sation voltage application period other than the preceding
compensation voltage application period. This makes it
possible to freely adjust the length of any compensation
voltage application period other than the preceding compen-
sation voltage application period.

[0080] Moreover, in the example illustrated by FIG. 6, a
timing of the preceding compensation voltage application
period immediately before the video signal voltage is
applied differs between the case where the vertical synchro-
nization signal V2a is received and the case where the
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vertical synchronization signal V25 is received. To put it
differently, the preceding compensation voltage application
period immediately before the video signal voltage is
applied is provided later by the horizontal scan period 1H in
the case where the vertical synchronization signal V2b is
received than in the case where the vertical synchronization
signal V2a is received. However, the method for controlling
the display device 1 according to the embodiment is not
limited to this. For example, a timing of the preceding
compensation voltage application period immediately
before the video signal voltage is applied may not differ
between the case where the vertical synchronization signal
V2a is received and the case where the vertical synchroni-
zation signal V25 is received.

[0081] After the compensation operation is performed as
described above, the video signal voltage is applied to the
gate terminal of the drive transistor 22 (S18). This causes the
organic EL element 25 of the pixel 20 to emit light at
luminance corresponding to the video signal data. In the
embodiment, as shown by the graph of the pixel voltage in
FIG. 3, the variation in the pixel voltage after the video
signal voltage is applied, which results from the variation in
the interval between the vertical synchronization signals, is
reduced.

[0082] Subsequently, the flow goes back to the above-
described step S12, and a compensation operation is started
based on a timing for receiving the vertical synchronization
signal V2a, V2b, or V2¢. The same operation is repeated
after this.

[0083] As described above, the method for controlling the
display device 1 according to the embodiment makes it
possible to reduce the variation in the degree of the com-
pensation for the threshold voltage, which results from the
variation in the interval between the vertical synchronization
signals.

Comparative Example

[0084] Next, in order to explain the advantageous effects
of the display device 1 according to the embodiment,
operations of a display device according to a comparative
example will be described with reference to the drawings.
The display device according to the comparative example
differs in control method from the display device 1 accord-
ing to the embodiment but has the same configuration as the
display device 1 according to the embodiment.

[0085] FIG. 7 is a diagram illustrating a compensation
operation of the display device according to the comparative
example. FIG. 7 illustrates three timing diagrams (a), (b),
and (c) for compensation operation each of which corre-
sponds to a different one of three timing examples of a
vertical synchronization signal. In addition, FIG. 7 illus-
trates three simplified waveforms (a), (b), and (c) of a pixel
voltage each of which corresponds to a different one of the
three timing examples of the vertical synchronization signal.
[0086] The display device according to the comparative
example illustrated by FIG. 7 differs, from the display device
1 according to the embodiment, in that the preceding com-
pensation voltage application period Te immediately before
the video signal voltage is applied to the gate terminal of the
drive transistor is not adjusted depending on a timing of a
vertical synchronization signal. In addition, with the display
device according to the comparative example, the number of
compensation voltage application periods may vary depend-
ing on the timing of the vertical synchronization signal. In
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other words, when an interval between the vertical synchro-
nization signal V1 and the vertical synchronization signal
received subsequent to the vertical synchronization signal
V1 becomes shorter, the number of the compensation volt-
age application periods is decreased. For example, as illus-
trated by the timing diagram (a) in FIG. 7, the number of the
compensation voltage application periods is fewer by one in
a case where the vertical synchronization signal V2a is
received subsequent to the vertical synchronization signal
V1 than in a case where the vertical synchronization signal
V2b is received (see the timing diagram (b)). Conversely, as
illustrated by the timing diagram (c) in FIG. 7, the number
of the compensation voltage application periods is greater by
one in a case where the vertical synchronization signal V2¢
is received subsequent to the vertical synchronization signal
V1 than in the case where the vertical synchronization signal
V2b is received (see the timing diagram (b)).

[0087] Accordingly, with the display device according to
the comparative example, as illustrated by temporal wave-
forms (a), (b), and (c) of a pixel voltage in FIG. 7, the pixel
voltage at a time when a video signal voltage is applied
varies depending on an interval between vertical synchro-
nization signals. In short, a degree of compensation for a
threshold voltage of the drive transistor varies depending on
the interval between the vertical synchronization signals.
Along with this, luminance of the organic EL element varies.
[0088] 1t is to be noted that although the comparative
example shows the case where the number of the compen-
sation voltage application periods varies depending on the
variation in the interval between the vertical synchronization
signals, even in a case where the number of the compensa-
tion voltage application periods does not vary, the degree of
the compensation for the threshold voltage of the drive
transistor may vary depending on the variation in the inter-
val between the vertical synchronization signals. In other
words, even if the number of the compensation voltage
application periods does not vary, the degree of the com-
pensation for the threshold voltage may vary by the length
of an entire period of a compensation operation varying. As
mentioned above, this is caused by the pixel voltage in a
period of a compensation operation dropping in a period in
which the compensation voltage is not applied.

[0089] As above, in the display device according to the
comparative example which does not use the method for
controlling the display device 1 according to the embodi-
ment, as shown by the temporal waveforms of the pixel
voltage in FIG. 7, the degree of the compensation for the
threshold voltage may vary due to the variation in the
interval between the vertical synchronization signals. By
contrast, the display device 1 according to the embodiment
makes it possible to reduce the variation in the degree of the
compensation for the threshold voltage, which results from
the variation in the interval between the vertical synchroni-
zation signals.

Summary

[0090] As above, the display device 1 according to the
embodiment includes pixels 20 each of which includes the
organic EL element 25 and the drive transistor 22 which
controls a current flowing through the organic EL element
25. Moreover, the display device 1 further includes the gate
driver circuit 50 which applies to each of the pixels 20 the
compensation voltage for compensating the threshold volt-
age of the drive transistor 22 in each of the compensation
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voltage application periods included in the period other than
the period in which the video signal voltage is applied.
Furthermore, the display device 1 further includes the con-
trol circuit 60 which controls the gate driver circuit 50. The
control circuit 60 adjusts the length of, among the compen-
sation voltage application periods, the preceding compen-
sation voltage application period immediately before the
video signal voltage is applied.

[0091] As just described, the display device 1 makes it
possible to reduce the variation in the degree of the com-
pensation for the threshold voltage in the compensation
operation, by appropriately adjusting the length of the pre-
ceding compensation voltage application period immedi-
ately before the video signal voltage is applied.

[0092] In addition, in the display device 1, the control
circuit 60 adjusts the length of the preceding compensation
voltage application period, based on the timing of the
vertical synchronization signal.

[0093] Accordingly, even in the case where the interval
between the vertical synchronization signals varies, it is
possible to reduce the variation in the degree of the com-
pensation for the threshold voltage in the compensation
operation, by appropriately adjusting the length of the pre-
ceding compensation voltage application period based on
the timing of the vertical synchronization signal.

[0094] Moreover, in the display device 1, the control
circuit 60 makes the preceding compensation voltage appli-
cation period longer as the interval between the two vertical
synchronization signals immediately before the video signal
voltage is applied is shorter.

[0095] With this, it is possible to reduce the variation in
the degree of the compensation for the threshold voltage,
which results from the variation in the interval between the
vertical synchronization signals.

[0096] Furthermore, the display device 1 applies the com-
pensation voltage to the pixels 20 via the data lines DATA
for applying the video signal voltage to the pixels 20.
[0097] With this, it is possible to apply the compensation
voltage to the pixels 20 without adding a line for applying
the compensation voltage. In short, it is possible to apply the
compensation voltage to the pixels 20 without complicating
the configuration of the display device 1.

Other Embodiments

[0098] Although the display device and the method for
controlling the display device according to the present
disclosure have been described above based on the embodi-
ment, the display device and the method for controlling the
display device according to the present disclosure is not
limited to the embodiment. Other embodiments imple-
mented by combining arbitrary structural components in the
embodiment, variations obtained by executing various medi-
cations on the embodiment that can be conceived by a
person with an ordinary skill in the art without departing
from the essence of the present disclosure, and various
devices incorporating the display device according to the
embodiment are included in the present disclosure.

[0099] For example, although only one preceding com-
pensation voltage application period immediately before the
video signal voltage is applied is adjusted in the aforemen-
tioned embodiment, an adjustment target may not be the
only one compensation voltage application period. The
lengths of two or more compensation voltage application
periods may be adjusted.

Jul. 20, 2017

[0100] Moreover, although the compensation voltage is
applied to each pixel 20 via the data line DATA in the
aforementioned embodiment, the compensation voltage may
be applied via another path.

[0101] Furthermore, although the aforementioned
embodiment shows that the preceding compensation voltage
application period immediately before the video signal volt-
age is applied is adjusted to be shorter than the other
compensation voltage application periods, the preceding
compensation voltage application period may be adjusted to
be longer than the other compensation voltage application
periods. In a case where the compensation voltage applica-
tion period is adjusted to be shorter, the adjustment is made
more difficult and the accuracy of the adjustment is
decreased further as the compensation voltage application
period approaches zero, but in a case where the compensa-
tion voltage application period is adjusted to be longer, the
adjustment is easy and an decrease in the accuracy of the
adjustment can be reduced.

[0102] Moreover, although the aforementioned embodi-
ment shows the example where the organic EL element is
used as the light-emitting element, another current-driven
EL element may be used.

[0103] Furthermore, although the aforementioned
embodiment shows that an n-type TFT is used as the drive
transistor 22, a p-type TFT may be used as the drive
transistor 22 and other circuit configurations may be
changed accordingly.

[0104] Moreover, for example, the display device 1
according to the embodiment is included in a thin flat-panel
TV 100 as illustrated by FIG. 8. The display device 1
according to the embodiment makes it possible to achieve a
thin flat-panel TV for which a variation in luminance is
reduced and which has high display quality.

[0105] Although only some exemplary embodiments of
the present disclosure have been described in detail above,
those skilled in the art will readily appreciate that many
modifications are possible in the exemplary embodiments
without materially departing from the novel teachings and
advantages of the present disclosure. Accordingly, all such
modifications are intended to be included within the scope of
the present disclosure.

INDUSTRIAL APPLICABILITY

[0106] The present disclosure is useful for organic EL flat
panel displays, and is suitable for use as a display which is
required to have high display quality.

1. A display device comprising:

a plurality of pixels each of which includes an electrolu-
minescent (EL) element and a drive transistor which
controls a current flowing through the EL element;

a gate driver circuit which applies, to each of the plurality
of pixels, a compensation voltage for compensating a
threshold voltage of the drive transistor, in each of
compensation voltage application periods included in a
period other than a period in which a video signal
voltage is applied; and

a control circuit which controls the gate driver circuit,

wherein the control circuit adjusts a length of, among the
compensation voltage application periods, a preceding
compensation voltage application period immediately
before the video signal voltage is applied.
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2. The display device according to claim 1,

wherein the control circuit adjusts the length of the
preceding compensation voltage application period
based on a timing of a vertical synchronization signal.

3. The display device according to claim 2,

wherein the control circuit adjusts the preceding compen-

sation voltage application period to be longer as an
interval between two vertical synchronization signals
immediately before the video signal voltage is applied
is shorter.

4. The display device according to claim 1,

wherein the compensation voltage is applied to the plu-

rality of pixels via data lines for applying the video
signal voltage to the plurality of pixels.
5. A method for controlling a display device including a
plurality of pixels each of which includes an EL element and
a drive transistor which controls a current flowing through
the EL element, the method comprising:
applying, to each of the plurality of pixels, a compensa-
tion voltage for compensating a threshold voltage of the
drive transistor, in each of compensation voltage appli-
cation periods included in a period other than a period
in which a video signal voltage is applied; and

adjusting a length of, among the compensation voltage
application periods, a preceding compensation voltage
application period immediately before the video signal
voltage is applied.
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