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ORGANIC EL DISPLAY DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based upon and claims the ben-
efit of priority from the prior Japanese Patent Application No.
2013-174079, filed on 26 Aug. 2013, the entire contents of
which are incorporated herein by reference.

FIELD

[0002] The present invention relates to an organic EL dis-
play device, and specifically to a technology effective to
compensate for a threshold voltage ofa driving transistor of a
pixel circuit.

BACKGROUND

[0003] Recently, there has been an increasing demand for
flat panel display (FPD) devices. Especially, organic EL dis-
play devices using an organic EL (Electro Luminescence)
element (OLED; Organic Light Emitting Diode) are excellent
in power consumption, lightweightedness, thinness, moving
image characteristics, viewing angle and the like, and are now
being progressively developed and put into practice. An
organic EL display device includes a pixel circuit including a
driving transistor. The driving transistor of the pixel circuit
controls a driving current flowing in an organic EL element in
accordance with a video voltage that is in accordance with a
video data that is input to a gate electrode of the pixel circuit,
and thus controls the gray scale of an image to be displayed.
In general, a driving transistor is a polysilicon thin film tran-
sistor that uses polysilicon (polycrystalline silicon) for a
semiconductor film. Regarding such a polysilicon thin film
transistor, it is known that the variance in the threshold volt-
age is large or that the threshold voltage varies along with
time. Therefore, an organic EL display device in which the
gray scale is controlled by use of the video voltage in accor-
dance with the video data has a problem that the variance in
the threshold voltage of the driving transistor or the change in
the threshold value along with time changes the value of the
current flowing in the organic EL element, which causes a
variance in the luminance. Patent Document 1 (Japanese
Laid-Open Patent Publication No. 2009-169432) describes
that in order to solve the above-described problems, the value
of the current flowing in the organic EL element in each of
pixels is detected, and a predetermined offset voltage is
applied based on the detected value to correct the threshold
voltage.

[0004] According to a conventionally known driving
method used to compensate for the threshold voltage of a
driving transistor as described above, an initialization voltage
and a video voltage are applied alternately. When this tech-
nique is used, the time period which can be used to write a
video voltage to each of pixels is shortened to about half. In
the case of a square structure including red (R), green (G),
blue (B) and white (W) pixels, the time period usable to write
a video voltage to each of the pixels is further shortened to
half. The time period usable to write a video voltage to each
of the pixels is also shortened when the number of scanning
lines is increased in order to realize high definition display.
[0005] Inorder to write a video voltage to each pixel within
a short time period, the resistance and the capacitance of
video (source) lines or the like need to be reduced. However,
this is difficult because the width of the lines is decreased and
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the number of intersections of the lines is increased in order to
realize high definition display.

SUMMARY

[0006] According to an embodiment of the present inven-
tion, an organic EL display device includes a plurality of
pixels each including an organic EL element; a plurality of
video lines that supply a video voltage to each of the plurality
of pixels; and a plurality of scanning lines that supply a
scanning voltage to each of the plurality of pixels; a video line
driving circuit connected to the plurality of video lines; and a
scanning line driving circuit connected to the plurality of
scanning lines. Where N is an integer of 2 or greater (2=N)
and k is any positive integer, the scanning line driving circuit
supplies a selection scanning voltage concurrently to an N
number of scanning lines among the plurality of scanning
lines in a k’th scanning period, and supplies a selection scan-
ning voltage sequentially to the N number of scanning lines in
(k+1)th through (k+N)th scanning periods respectively; and
the video line driving circuit supplies an initialization voltage
to each of the plurality of video lines in the k’th scanning
period, and supplies video voltages to each of the plurality of
video lines in the (k+1)th through (k+N)th scanning periods
respectively.

[0007] Thek’thh scanning period may be different between
two continuous frames. In first through N’th frames that are
continuous, the k’th scanning periods are respectively (k1)th
through (kN)th scanning periods; and values of k1 through
kN may not monotonically increase or decrease. In the case
that in first through N’th frames that are continuous, the k’th
scanning periods arerespectively (k1)th through (kN)th scan-
ning periods, and j is any integer among 1 through (N-2), the
k’th scanning periods may meet the following formula.

k(4 1)=kfl= k(j+1)-k(j+2)

[0008] Each of the plurality of pixels may include a pixel
circuit; and the pixel circuit may include a driving transistor
connected between the organic EL element and a power line;
a capacitance element connected between a gate electrode of
the driving transistor and a connection point between the
organic EL element and the driving transistor; and a switch-
ing transistor that is connected between the gate electrode of
the driving transistor and the corresponding video line among
the plurality of video lines, and has a gate electrode thereof
connected to the corresponding scanning line among the plu-
rality of scanning lines.

BRIEF EXPLANATION OF DRAWINGS

[0009] FIG. 1 is a block diagram showing a schematic
structure of an organic EL display device in an embodiment
according to the present invention;

[0010] FIG. 2 is a circuit diagram showing a circuit con-
figuration of a pixel circuit of the organic EL display device in
the embodiment according to the present invention;

[0011] FIG. 3 shows a conventional method for driving the
pixel circuit shown in FIG. 2;

[0012] FIG. 4 shows a method for driving the organic EL
display device in the embodiment according to the present
invention;

[0013] FIG. 5 shows the timing at which an initialization
voltage (Vini) is inserted in each frame in the organic EL
display device in the embodiment according to the present
invention;
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[0014] FIG. 6 shows a time period required after the initial-
ization voltage is applied to each of pixels until a video
voltage is written to each pixel (invalid display time period) in
the case of conversion 1 shown in FIG. 5;

[0015] FIG. 7 shows a time period required after the initial-
ization voltage is applied to each pixel until a video voltage is
written to each pixel (invalid display time period) in the case
of conversion 2 shown in FIG. 5;

[0016] FIG. 8 shows a time period required after the initial-
ization voltage is applied to each pixel until a video voltage is
written to each pixel (invalid display time period) in the case
of conversion 3 shown in FIG. 5;

[0017] FIG. 9 shows a time period required after the initial-
ization voltage is applied to each pixel until a video voltage is
written to each pixel (invalid display time period) in the case
of conversion 4 shown in FIG. 5;

[0018] FIG. 10 shows the difference in the invalid display
time period of each of four frames from that of the immedi-
ately subsequent frame in the case where the timing at which
the initialization voltage (Vini) is inserted is varied among the
four frames and there are six different patterns of the order of
such timings; and

[0019] FIG. 11 shows a conventional method for driving an
organic EL display device.

DESCRIPTION OF EMBODIMENTS

[0020] The present invention made to solve the above-de-
scribed problems of the conventional art has an object of
providing a technology that, in an organic EL display device
in which an initialization voltage is applied, is capable of
extending the time period usable to write a video voltage as
compared with the conventional art. The above-described and
other objects and novel features of the present invention will
be made apparent by the description of this specification and
the attached drawings.

[0021] Hereinafter, an embodiment ofthe present invention
will be described in detail with reference to the drawings.
Throughout the drawings showing the embodiment, elements
having the same functions will bear the same reference num-
bers, and the same descriptions thereof will not be repeated.
The embodiment described below is merely an example, and
the present invention is not limited to the embodiment.
[0022] FIG. 1 is a block diagram showing a schematic
structure of an organic EL display device in an embodiment
according to the present invention. In FIG. 1, reference num-
ber 1 represents the organic EL display device. The organic
EL display device 1 includes an organic EL driving circuit 10
and an organic EL display panel 20. The organic EL display
panel 20 includes video lines (not shown), scanning lines (not
shown), and a scanning line driving circuit 21. The organic
EL driving circuit 10 includes an interface circuit 11 to which
video data, timing signals and control commands are input
from an external image processing circuit (not shown), a
control signal generation circuit 12 that generates a driving
signal, a scanning line control circuit 13, a frame memory 14
that stores video data input from external device, and a video
signal output circuit 16.

[0023] The control signal generation circuit 12 generates a
memory control signal (Sm) usable to control the frame
memory 14, and a driving control signal (Sd) usable to control
the scanning line control circuit 13 and the video signal output
circuit 16, based on a timing signal and a control command
input from the external image processing circuit via the inter-
face circuit 11. The scanning line control circuit 13 controls
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the scanning line driving circuit 21 based on the driving
control signal (Sd) input from the control signal generation
circuit 12. The scanning line driving circuit 21 supplies a
selection scanning voltage, usable to write a video voltage to
each of pixels, sequentially to the scanning lines in the
organic EL display panel 20 in one frame based on a scanning
line scan start signal that is input from the scanning line
control circuit 13. The video data that is input from the exter-
nal image processing circuit via the interface circuit 11 is
input to the frame memory 14. The video data that is read
from the frame memory 14 is input to the video signal output
circuit 16. The video signal output circuit 16 converts the
video data into an analog video voltage and outputs the analog
video voltage to the video lines in the organic EL display
panel 20 based on a video voltage output timing signal that is
input from the control signal generation circuit 12. In this
manner, an image is displayed in a display area AR of the
organic EL display panel 20.

[0024] FIG. 2 is a circuit diagram showing a circuit con-
figuration of a pixel circuit of the organic EL display device in
an example of the present invention. In FIG. 2, “OLED”
represents an organic EL element. An anode electrode of the
organic EL element (OLED) is connected to a power line
(POWER) via a driving transistor (D'Tr), and a cathode elec-
trode of the organic EL element (OLED) is grounded. A
storage capacitance (C) is connected between a gate electrode
and a source electrode (or a drain electrode) of the driving
transistor (DTr). The gate electrode of the driving transistor
(DTr) is connected to a video line (data) via a switching
transistor (Tr). A gate electrode of the switching transistor
(Tr) is connected to a scanning line (SCAN). The driving
transistor (DTr) and the switching transistor (Tr) are formed
by use of a polysilicon thin film.

[0025] FIG. 3 shows a conventional method for driving the
pixel circuit shown in FIG. 2. At time (TO), a selection scan-
ning voltage is supplied to the scanning line (SCAN). As a
result, the voltage on the scanning line (SCAN) becomes a
VH voltage of a High level (hereinafter, referred to as an “H
level”), and the switching transistor (Tr) is put into an ON
state. At this point, an initialization voltage V0 has been
applied to the video line (data). In FIG. 3, the switching
transistor (Tr) in the ON state is represented with a thick line.
Attime (A), the voltage on the power line (POWER) becomes
aVL voltage of a Low level (hereinafter, referred to as an “L
level”) from a VH voltage of an H level. As a result, the video
voltage, which was input to the gate electrode of the driving
transistor (DTr) in the immediately previous cycle of scan-
ning, is reset. In addition, VO>VL. Therefore, the organic EL
element (OLED) is put into an OFF state, and the anode
electrode of the organic EL element (OLED) becomes a VL
voltage. At time (B), the voltage on the power line (POWER)
becomes a VH voltage of an H level from the VL voltage of
the L level. At this point, the anode electrode of the organic
EL element (OLED) obtains a voltage (V0-Vth). Herein,
“Vth” is a threshold voltage of the driving transistor (DTr).
Therefore, as seen from the anode electrode of the organic EL
element (OLED) (the source electrode (or the drain electrode)
of the driving transistor (DTr)), the gate electrode of the
driving transistor (DTr) is set to a voltage Vth.

[0026] At time (C), the voltage on the video line (data)
becomes a voltage (V0+Vin). When this occurs, the anode
electrode of the organic EL element (OLED) obtains a volt-
age (V0-Vth+a(t)Vin). Herein, “Vin” is a video voltage in
the current cycle of scanning. At time (D), a non-selection
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scanning voltage is supplied to the scanning line (SCAN). As
a result, the voltage on the scanning line (SCAN) becomes a
VL voltage of an L level, and the switching transistor (Tr) is
put into an OFF state. At this point, a voltage (Vth+(1-a(t))
Vin) is held in the storage capacitance (C). In this manner, the
driving method shown in FIG. 3 CaO compensate for the
threshold voltage of the driving transistor (DTr). In FIG. 3, the
switching transistor (Tr) in the OFF state is represented with
the absence of the thick line. In FIG. 3, “a(t)Vin” represents
a voltage that is generated by a current flowing in the organic
EL element (OLED) as a result of application of the voltage
(V0+Vin) to the gate electrode of the driving transistor (DTr).
“Vel” represents a voltage that is generated by the current
flowing in the organic EL element (OLED) in the state where
the voltage (Vth+(1-c(t))Vin) is held in the storage capaci-
tance (C).

[0027] FIG. 11 shows a conventional method for driving an
organic EL display device. The conventional method is per-
formed as described below with reference to FIG. 11. The
video signal output circuit 16 converts input data (datal
through data8) input from an external device into analog
video voltages (Vsigl through Vsig8), and then inserts an
initialization voltage (Vini) before each of the video voltages
and outputs the resultant video voltages to the video line
(data) in scanning periods of the respective scanning lines.
Then, in conformity to the above-described driving method
shown in FIG. 3, the threshold voltage of the driving transistor
(DTr) is compensated for, and thus the organic EL element
(OLED) is lit up. In this manner, according to the conven-
tional method for driving the organic EL display device, a
selection scanning voltage is sequentially supplied to the
scanning lines, while an initialization voltage (Vini) and a
video voltage (signal) are alternately supplied to the video
line in the respective scanning periods. Thus, the threshold
voltage of the driving transistor (DTr) is corrected, so that the
organic EL element (OLED) is lit up. However, with the
conventional method for driving the organic EL display
device, the time period usable to apply a video voltage to the
organic EL element in each pixel is shortened to about half. In
the case of a square structure including red (R), green (G),
blue (B) and white (W) pixels, the time period usable to apply
a video voltage is further shortened to half. The time period
usable to apply a video voltage is also shortened when the
number of the scanning lines is increased in order to realize
high definition display.

[0028] FIG. 4 shows a method for driving an organic EL,
display device in an embodiment according to the present
invention. In this embodiment, video data (datal through
data(N+2) .. .) input from an external device is stored on the
frame memory 14. Video data of an N number of horizontal
periods (or N number of scanning periods) is read from the
frame memory 14 and converted into N number of analog
video voltages (Vsigl through VsigN). “N” is an integer of 2
or greater (2 N). The video signal output circuit 16 inserts an
initialization voltage (Vini) before each of the N number of
analog voltages (Vsigl through VsigN) and supplies the
video line (data) with the voltages in the order of the initial-
ization voltage (Vini)—=the video signal (Vsigl)—the video
signal (Vsig2) . . . —the video signal (VsigN) in the first
through (N+1)th scanning periods. The scanning line driving
circuit 21 supplies a selection scanning voltage to the first
through N’th scanning lines (SCAN) in the first scanning
period. Since the video line (data) is supplied with the initial-
ization voltage (Vini) in the first scanning period, the thresh-
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old voltages of the driving transistors (DTr) of the pixels
including the switching transistors (Tt) having the gate elec-
trodes thereof connected to the first through N’th scanning
lines, namely, N number of scanning lines, are compensated
for concurrently. The scanning line driving circuit 21 supplies
aselection scanning voltage to the first scanning line (SCAN)
in the second scanning period. In the second scanning period,
the video line (data) is supplied with the video voltage
(Vsigl), and therefore the video voltage (Vsigl) is written to
the pixels including the switching transistors (Tr) having the
gate electrodes thereof connected to the first scanning line.

[0029] Thescanning line driving circuit 21 supplies a selec-
tion scanning voltage to the second scanning line (SCAN) in
the third scanning period. In the third scanning period, the
video line (data) is supplied with the video voltage (Vsig2),
and therefore the video voltage (Vsig2) is written to the pixels
including the switching transistors (Tr) having the gate elec-
trodes thereof connected to the second scanning line. After
this, in a similar manner, the scanning line driving circuit 21
supplies a selection scanning voltage to the N’ th scanning line
(SCAN) in the (N+1)th scanning period. In the (N+1)th scan-
ning period, the video line (data) is supplied with the video
voltage (VsigN), and therefore the video voltage (VsigN) is
written to the pixels including the switching transistors (Tr)
having the gate electrodes thereof connected to the N’ th scan-
ning line. After this, the N number of analog video voltages
(Vsig(N+1) through Vsig2N) are also written to the corre-
sponding pixels in the manner described above. As described
so far, in this embodiment, it is made possible to extend the
time period usable to write a video signal (Vsig) to each pixel
or a time period usable to apply the initialization voltage
(Vini) to each pixel. In the case where the number (N) of the
scanning lines (SCAN) which are initialized at the same time
is increased, the time period usable to write a video voltage to
each pixel can be extended, but the required memory capacity
of the frame memory 14 is also increased. In addition, as
shown in FIG. 4, the time period required after the initializa-
tion voltage is applied to each pixel until the video voltage is
written to each pixel (invalid display time period) is different
among the N number of scanning lines. This causes a lumi-
nance difference.

[0030] In this embodiment, in order to avoid these prob-
lems, the timing at which the initialization voltage (Vini) is
inserted is varied at every M’th or (M+N)th frame, such that
the invalid display time period is made equal among the
scanning lines (SCAN). “M” is any integer. FIG. 5 shows the
timing at which the initialization voltage (Vini) is inserted for
each frame in the organic EL display device in an embodi-
ment according to the present invention. In FIG. 5, the num-
ber of the scanning lines (SCAN) which are supplied with the
initialization voltage (Vini) at the same time is 4, and the
timing at which the initialization voltage (Vini) is inserted is
varied frame by frame. In FI1G. 5, “k” is any number that is an
integral multiple of 4. Conversion 1 is an example in which
the initialization voltage (Vini) is inserted before the video
voltages (Vsig(k) through Vsig(k+3)). FIG. 6 shows the time
periods required from when the initialization voltage (Vini) is
applied to each pixel until the video voltages (Vsig(k) through
Vsig(k+3)) are written to the corresponding pixels (invalid
display time periods) in the case of conversion 1 in FIG. 5.
Returning to FIG. 5, conversion 2 is an example in which the
initialization voltage (Vini) is inserted before the video volt-
ages (Vsig(k+1) through Vsig(k+4)). FIG. 7 shows the time
periods required from when the initialization voltage (Vini) is
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applied to each pixel until the video voltages (Vsig(k+1)
through Vsig(k+4)) are written to the corresponding pixels
(invalid display time periods) in the case of conversion 2 in
FIG. 5. Returning to FIG. 5, conversion 3 is an example in
which the initialization voltage (Vini) is inserted before the
video voltages (Vsig(k+2) through Vsig(k+5)). FIG. 8 shows
the time periods required from when the initialization voltage
(Vini) is applied to each pixel until the video voltages (Vsig
(k+2) through Vsig(k+5)) are written to the corresponding
pixels (invalid display time periods) in the case of conversion
3 in FIG. 5. Returning to FIG. 5, conversion 4 is an example
in which the initialization voltage (Vini) is inserted before the
video voltages (Vsig(k-1) through Vsig(k+2)). FIG. 9 shows
the time periods required from when the initialization voltage
(Vini) is applied to each pixel until the video voltages (Vsig
(k=1) through Vsig(k+2)) are written to the corresponding
pixels (invalid display time periods) in the case of conversion
4in FIG. 5.

[0031] Inthe case where the timing at which the initializa-
tion voltage (Vini) is inserted is varied among four frames of
the (M)th through (M+3)th frames, the order of conversions 1
through 4 shown in FIG. 5 may be varied in six different
patterns, namely, dispersion patterns 1 through 6, as shown in
FIG. 10. In dispersion pattern 1, the conversion timing is
changed from conversion 1-—sconversion 2-—>conversion
3—conversion 4. In dispersion pattern 2, the conversion tim-
ing is changed from conversion 1—=conversion 2—conver-
sion 4—conversion 3. In dispersion pattern 3, the conversion
timing is changed from conversion 1—=conversion 3—>con-
version 2—>conversion 4. In dispersion pattern 4, the conver-
sion timing is changed from conversion 1-sconversion
3—conversion 4—conversion 2. In dispersion pattern 5, the
conversion timing is changed from conversion 1—=conversion
4—>conversion conversion 3. In dispersion pattern 6, the con-
version timing is changed from conversion 1—=conversion
4—=conversion 3—conversion 2.

[0032] FIG. 10 shows the difference in the invalid display
time period of each of the four frames ((M)th through (M+3)
th frames) from that of the immediately subsequent frame in
the case where the timing at which the initialization voltage
(Vini)is inserted is varied among the four frames of the (M)th
through (M+3)th frames and there are six different patterns of
the order of such timings. Such a difference is shown for each
ofthe (K)th through (K+3)th scanning lines. The difference in
the invalid display time period between two adjacent frames
is recognized as flicker, which deteriorates the display qual-
ity. The difference in the valid display time period between
two adjacent frames is large in dispersion patterns 1 and 6. In
dispersion pattern 1, the conversion timing is changed from
conversion 1-—=conversion 2—=conversion 3—>conversion 4.
In this manner, in dispersion pattern 1, the conversion num-
bers increase monotonically. In dispersion pattern 6, the con-
version timing is changed from conversion 1—=conversion
4—sconversion 3—conversion 2. In this manner, in dispersion
pattern 6, the conversion numbers decrease monotonically.
As the patterns of the order of timings at which the initializa-
tion voltage (Vini) is inserted in each of four frames, disper-
sions patterns 2 through 5 shown in FIG. 10 are effective. In
dispersion patterns 2 through 5, where the k’th scanning
periods in the four continuous frames are respectively k1
through k4, the k’th scanning periods meet the following
formula (1).

k1K= k(G+1)-k(G+2)1(j=1,2) 1)
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[0033] This can be generalized as follows. In thH case
where the k’th scanning periods in continuous first through
N’th frames are the (k1)th through (kN)th scanning periods
and j is an integer of 1 through (N-2), it is preferable that the
k’th scanning periods meet the following formula (2).

(j+ 1)Kl (1 )k (j4+2)] @

[0034] Inthis embodiment, in the case where the initializa-
tion voltage (Vini) is of a black display level so that the ratio
of the invalid display time period is high, impulse display is
provided and thus the moving image performance can be
improved.

[0035] As described above, according to the present inven-
tion, in an organic EL display device in which an initialization
voltage is applied, the time period usable to write a video
signal can be extended as compared with the conventional art.
The invention made by the present inventor has been specifi-
cally described by way of the above embodiment. The present
invention is not limited to the above-described embodiment
and may be modified in various manners without departing
from the gist thereof.

What is claimed is:

1. A display device comprising:

a plurality of pixels arranged in a matrix;

a plurality of scanning lines arranged in a row direction;

aplurality of video lines arranged ina column direction and
configured to be input with an initialization signal or a
video signal; and

a plurality of power lines configured to be input with an
initialization voltage or a driving voltage,

the plurality of scanning lines include a first group of
scanning lines,

each of the plurality of pixels includes:

a first transistor electrically connected to one of the plural-
ity of video lines and configured to be controlled by one
of the plurality of scanning lines; and

a second transistor electrically connected to one of the
plurality of power lines,

wherein the first group of scanning lines are selected con-
currently, the initialization signal is input to the plurality
of video lines concurrently, and the initialization voltage
is input to the plurality of power lines concurrently in an
initializing period, and
wherein each of the scanning lines of the first group of scan-
ning lines is selected sequentially, the video signals corre-
sponding to each row are input to the plurality of video lines
sequentially, and the driving voltage is input to the plurality of
power lines concurrently in a writing period.

2. The display device according to claim 1, wherein

the number of the scanning lines included in the first group
of scanning lines in one frame period is different from
the number of the scanning lines included in the first
group of scanning lines in another frame period.

3. The display device according to claim 1, wherein

the plurality of scanning lines further include a second
group of scanning lines,

the initializing period and the writing period are executed
in the second group of scanning lines after the initializ-
ing period and the writing period are executed in the
second group of scanning lines.
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4. The display device according to claim 2, wherein

the number of the scanning lines included in the second
group of scanning lines is different from the number of
the scanning lines included in the first group of scanning
lines.

5. The display device according to claim 1, wherein

the initialization signal and the video signal are input to the
gate of the second transistor through the first transistor.

# % % k&
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