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DISPLAY PANEL

RELATED APPLICATIONS

[0001] This is a continuation of U.S. application Ser. No.
14/184,879, filed Feb. 20, 2014, which is a continuation of
application Ser. No. 12/922,673, filed Dec. 13, 2010, now
abandoned, which was originally filed as application No.
PCT/US2009/001682 on Mar. 17, 2009.

FIELD OF THE INVENTION

[0002] The present invention relates to a display panel
including pixels disposed in a matrix shape.

BACKGROUND OF THE INVENTION

[0003] Organic EL displays, which are self-emission type
displays, are advantageous in high contrast and high-speed
response and are therefore suitable for moving image appli-
cations such as televisions which display natural images. In
general, organic EL elements are driven by using control
elements such as transistors, and multi gray level display may
be achieved by driving the transistors with a constant current
in accordance with data, or by driving the transistors with a
constant voltage to vary the light emission period.

[0004] Here, with the constant current driving in which the
transistors are used in the saturation region, variations in the
characteristics of the transistors such as threshold values and
mobility would cause a variation in the electric current flow-
ing in the organic EL element, which results in non-uniform
display. In order to deal with this disadvantage, WO 2005/
116971 Al discloses a method in which transistors are used in
the linear region and digitally driven with a constant voltage,
thereby improving the display non-uniformity.

[0005] Inthe digital driving method disclosed in WO 2005/
116971 A1, because one frame period is divided into a plu-
rality of sub frames and each pixel is accessed a number of
times corresponding to the number of sub frames, it is nec-
essary to supply data to the data lines at high frequencies in
accordance with the sub frames. When the data lines are
driven by high frequencies as described above, the power
consumption is increased in order to achieve high-speed
charge and discharge of the data lines. Further, while a suffi-
cient signal amplitude must be ensured for reliably turning
the transistors ON and OFF when there is a variation in the
threshold values and the mobility of the transistors, this
makes a reductionin the power consumption difficult because
the power consumption increases as the amplitude of a signal
to be supplied to the data line is increased.

SUMMARY OF THE INVENTION

[0006] Inaccordancewithone aspect of the invention, there
is provided a display pixel, comprising:

[0007] (a) a coupling capacitor having a first terminal con-
nected to a data line;

[0008] (b) a selection transistor having a first terminal con-
nected to a second terminal of the coupling capacitor, and a
gate connected to a selection line;

[0009] (c) a driving transistor having a gate connected to a
second terminal of the selection transistor, wherein the driv-
ing transistor supplies a current in accordance with a gate
potential;

[0010] (d) a light emitting element connected to a second
terminal of the driving transistor and emitting light as a result
of an electric current supplied by the driving transistor;
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[0011] (e) a reset transistor having a first terminal con-
nected to the second terminal of the driving transistor; a
second terminal connected to the first terminal of the selec-
tion transistor; and a gate connected to a reset line; and
[0012] () a storage capacitor connected to the gate of the
driving transistor.

[0013] Further, it is preferable that, in a state in which a
voltage of a data line is maintained to a fixed voltage, by
turning a reset transistor ON with a selection transistor being
turned OFF, a potential on the drain side ofa driving transistor
is written in a coupling capacitor, and then, by turning the
selection transistor ON with the reset transistor being turned
OFF, the potential written in the coupling capacitor is written
in a storage capacitor and the gate potential of the driving
transistor is inverted, and with repetition of the above opera-
tion once again, the gate potential of the driving transistor is
returned to an original state, and the voltage written in the
storage capacitor is maintained without changing the poten-
tial of the data line.

[0014] Itis also preferable for a plurality of pixels to form
a unit pixel, in which the selection transistor of each pixel is
connected to a different selection line and the reset transistor
of each pixel is connected to a common reset line.

[0015] According to the present invention, it is possible to
write a voltage in accordance with the characteristics of the
driving transistor in the coupling capacitor, by way of reset-
ting. Consequently, a difference between a High voltage
which is required for turning the driving transistors ON and
OFF and a Low voltage can be set independently of a varia-
tion in the characteristics of the driving transistors, thereby
permitting a reduction in the difference between the High
voltage and the Low voltage. Accordingly, the amplitude of
the voltage fluctuation of the data lines can be reduced, so that
low power consumption can be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] A preferred embodiment of the present invention
will be described in detail based on the following figures,
wherein:

[0017] FIG. 1 is a diagram showing a structure of a pixel
circuit;
[0018] FIG.2isadiagram showing a state of each line at the

time of data writing;
[0019] FIG. 3 is a diagram for explaining variations of
characteristics of driving transistors;

[0020] FIG. 4 is a diagram for explaining data writing of
sub-frames;
[0021] FIG.5is adiagram showing a state of each line at the

time of maintaining data;

[0022] FIG. 6 is a diagram showing a structure of a pixel
circuit in which sub-pixels are used; and

[0023] FIG. 71s a diagram showing a structure of a display
panel.

DETAILED DESCRIPTION OF THE INVENTION

[0024] A preferred embodiment of the present invention
will be described in detail with reference to the accompanying
drawings.

[0025] FIG. 1 shows an example structure of a pixel 12 ina
display according to an embodiment of the present invention.
The pixel 12 includes an organic EL element 1 which s a light
emitting element, a driving transistor 2, a selection transistor
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3, a reset transistor 4, a storage capacitor 5, and a coupling
capacitor 6. Here, all these transistors are P-type thin film
transistors.

[0026] A source terminal of the driving transistor 2 is con-
nected to a power source line 10 which is common for all the
pixels. Further, a drain terminal of the driving transistor 2 is
connected to an anode of the organic EL element 1 and to a
source terminal of the reset transistor 4. A gate terminal of the
driving transistor 2 is connected to one terminal of the storage
capacitor 5 having the other terminal thereof connected to the
power source line 10, and is also connected to a source ter-
minal of the selection transistor 3. The selection transistor 3
has a gate terminal connected to a selection line 8 and a drain
terminal which is connected to one terminal of the coupling
capacitor 6 having the other terminal thereof connected to a
data line 7 and which is also connected to a drain terminal of
the reset transistor 4. A gate terminal of the reset transistor 4
is connected to a reset line 9, and a cathode of the organic EL
element 1 is connected to a cathode electrode 11 which is
common for all the pixels.

[0027] FIG.2 shows waveforms of signals to be input to the
data line 7, the selection line 8, and the reset line 9 for driving
the pixel 12. First, when a pre-charge (preset) potential Vp,
which is an intermediate potential between High and Low, for
example, 1s applied to the data line and both the selection line
8 and the reset line 9 are turned Low, the selection transistor
3 is turned ON and the reset transistor 4 is turned ON, and
connection of the gate terminal and the drain terminal of the
driving transistor 2 (diode connection) is achieved, whereby
current flows in the organic EL element 1. At this time, a
potential (reset potential) Vr which is divided by the organic
EL element 1 and the driving transistor 2 is generated at the
gate terminal of the driving transistor 2 and is written in the
storage capacitor 5 and the coupling capacitor 6.

[0028] Thereafter, when writing Low data, a Low potential
V1(<Vp) is supplied to the data line 7, and with only the
selection line 8 being set to Low, the Low data is writtenin the
storage capacitor § via the coupling capacitor 6. While a
potential of (Vp-VTr) is stored in the coupling capacitor 6 at
the time of reset, when the Low potential V1 is applied to the
data line 7, a gate voltage of the driving transistor 2, which is
Vg=Vr—(Vp-Vl), is generated and the driving transistor 2 is
turned ON due to the gate potential which is lower than the
reset potential. Here, it is assumed that the coupling capacitor
6 is sufficiently larger than the storage capacitor 5. When
writing High data, on the other hand, a High potential
Vh(>Vp) is supplied to the data line 7, and with the selection
line 8 being set to Low, a gate potential, which is Vg=Vr+
(Vh-Vp), is written in the storage capacitor 5 via the coupling
capacitor 6, whereby the driving transistor 2 can be turned
OFF. The preset potential Vp may be arbitrarily set as
required.

[0029] It is generally known that the threshold values and
mobility vary among pixels when a transistor is formed using
low-temperature poly-silicon and so on. According to the
present embodiment, however, the potential which is gener-
ated at the gate terminal of the driving transistor 2 varies when
diode connection of the driving transistor 2 is achieved, as
described above. More specifically, because a voltage in
accordance with the threshold value and the mobility of the
driving transistor 2 is generated at the connection point
between the organic EL element and the drain of the driving
transistor 2, the reset potential to be written in the storage
capacitor 5 and the coupling capacitor 6 varies for each pixel.
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[0030] FIG. 3 shows a relationship of an electric current
flowing in the organic EL element 1 and the gate potential Vg
which is applied to the driving transistor 2 when two different
transistors (TFTa and TFTb) are used as the driving transistor
2. As shown, the reset potential Vra is higher with regard to
the TFTa through which it is easy for an electric current to
flow, and the reset potential Vrb is lower with regard to the
TFTb through which it is difficult for an electric current to
flow. The reset potential Vra, Vrb is a potential at which the
driving transistor 2 starts operating in the linear region.
Accordingly, with the conventional digital driving, it was
necessary to supply a gate potential which is lower than the
reset potential to the gate terminal of the driving transistor 2.
However, because the reset potential varies for each pixel as
described above, it was necessary to set the Low potential V1
to a significantly low potential so as to turn OFF the electric
current in all the pixels. Similarly, the High potential Vh was
set to a significantly high potential so as to turn the driving
transistors 2 OFF in all the pixels. Consequently, the conven-
tional digital driving was disadvantageous in that the ampli-
tude Vh-V1 of a signal supplied to the data line 7 is increased
to make a reduction in the power consumption difficult with
the increase in the frequencies for digital driving.

[0031] According to the present embodiment, on the other
hand, by performing a reset operation by way of the coupling
capacitor 6, it is possible to hold the reset potential which
varies for each pixel as an offset by the coupling capacitor 6
and then reflect this reset potential in the gate potential of the
driving transistor 2. Specifically, according to the present
embodiment, the potentials Vh and V1 can be set regardless of
the variations in the transistors.

[0032] While, during the non-selection period, the selec-
tion transistor 3 and the reset transistor 4 are turned OFF, a
leakage current is likely to be generated in the reset transistor
4, for the following reasons. Specifically, when black level
Vh, as video data, is written in the pixel 12, the gate potential
is Vg=Vr+(Vh-Vp)~=Vdd-Vth, as a result of which substan-
tially no electric current flows in the organic EL element 1,
and the potential of the source terminal of the reset transistor
4 is reduced close to the cathode potential VSS, whereas the
drain potential of the reset transistor 4 remains Vdd-Vth,
leading to a significant difference in the potentials between
the source and drain of the reset transistor 4.

[0033] 1In the pixel 12, as the selection transistor 3 is dis-
posed between the gate terminal of the driving transistor 2 and
the drainterminal of the reset transistor 4, even when the drain
potential of the reset transistor is lowered due to the leakage
current, the gate potential of the driving transistor 2 is not
affected by the lowering of the drain potential, and the gate
potential which is written is maintained.

[0034] FIG. 4 shows timing of digital driving in which 3-bit
display of each pixel is performed by using four sub-frames.
A sub-frame SFr forreset is first started, and then, a sub-frame
SF0 for bit 0, a sub-frame SF1 for bit 1, and a sub-frame SF2
for bit 2 are sequentially started. While in FIG. 4 a plurality of
lines a, b, and ¢ must be selected during a certain period T,
time-division selection can be achieved without any incon-
sistency by using a method disclosed in WO 2005/116971 A1.
[0035] With the above structure shown in F1G. 4, which can
be achieved simply by adding the sub-frame SFr for reset to
the sub-frame structure in the related art, more-bit display can
be easily achieved in a similar manner.

[0036] Further, with the use of the pixel 12 shown in FIG. 1,
as data which is written once in the pixel can be continuously
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held not via the data line 7, a quasi-static operation can be
performed. FIG. 5 shows timing for holding the same data
without supplying the data to the data line 7. Specifically,
when the reset line is set to Low with the potential of the data
line 7 being fixed (to High level in this example), the anode
potential (High) of the organic EL element 1 which is cur-
rently emitting light is written in the coupling capacitor 6.
Thereafter, by setting the selection line 8 to Low, the anode
potential (High) written in the coupling capacitor 6 is written
in the storage capacitor 5, inverting the state of the driving
transistor 2 to an OFF state. Consequently, the anode potential
of the organic EL element 1 is reduced to the cathode poten-
tial, which is Low. However, by setting the reset line 9 to Low
once again and reading out the anode potential (Low) to the
coupling capacitor 6 and then writing the anode potential in
the storage capacitor 5 with the selection line being set to Low
once again, the driving transistor 2 is turned ON. As a result,
the organic EL element 1 emits light due to an electric current
flowing therethrough, and the original state is thus recovered.
[0037] Similarly, when the organic EL element is turned
OFF, the original state is maintained by repeating the opera-
tion in which the anode potential is read out to the coupling
capacitor 6 and is written in the storage capacitor 5 two times.
[0038] Such a data holding operation as described above
may be performed with the potential of the data line being set
to any value as long as the potential of the data line 7 is kept
fixed. Accordingly, with this data holding operation, as the
need for charging and discharging the data line 7 can be
eliminated, the power consumption can be reduced when
displaying the same 1-bit video. Further, as it is not necessary
to perform the operation at approximately 60 Hz, as required
in video display, and the data holding operation can be pet-
formed at 30 Hz or less, further reduction in the power con-
sumption can be achieved.

[0039] As described above, as the pixel 12 operates as 1-bit
memory, multi-bit display can be achieved by including a
plurality of pixels 12 as sub-pixels within a pixel as shown in
FIG. 6. FIG. 6 shows an example unit pixel which includes
3-bit sub pixels 12-2, 12-1, and 12-0 for enabling 3-bit dis-
play.

[0040] The sub-pixels 12-2, 12-1, and 12-0 include organic
EL elements 1-2, 1-1, and 1-0, respectively, with their light
emission intensities being set to aratio of4:2:1. The reset line
9 may be common among these sub-pixels 12-2, 12-1, and
12-0. By setting the selection lines 8-2, 8-1, and 8-0 simulta-
neously to Low and setting the reset line 9 to Low, the three
sub-pixels can be reset simultaneously.

[0041] When writing each bit data in each of the sub-pixels
12-2,12-1, and 12-0, only the relevant selection line is set to
Low after the reset and the corresponding bid data is supplied
to the data line 7, so that the corresponding bit data can be
written in each sub-pixel.

[0042] At the time of a data holding operation, with the
potential of the data line 7 being fixed, by setting the reset line
9 which is common among the sub-pixels to Low, the anode
potentials of the organic EL elements 1 corresponding to
three sub-pixels are read out simultaneously to the respective
coupling capacitors 6, and then, after the reset line 9 is
returned to High, with the selection lines 8-2, 8-1, and 8-0
being set simultaneously to Low, the anode potential read to
the coupling capacitor 6 is written in the storage capacitor 5.
With this operation, data in the three sub-pixels 12-2, 12-1,
and 12-0 are inverted simultaneously, and, with the repetition
of the same operation once again, the data are returned to the
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original data, so that the data once written in the pixel are held.
In this manner, a static operation can be achieved.

[0043] FIG. 7 shows an overall structure of a display panel.
A data signal and a timing signal are supplied to a data driver
20 and are supplied, as required, to the data lines 7 which are
arranged such that each data line 7 corresponds to a pixel ora
unit pixel. Here, the data driver 20 is capable of outputting a
pre-set voltage Vp. A gate and reset driver 22 controls the
voltage of the selection line 8 and the reset line 9 in accor-
dance with the timing. The selection lines 8 and the reset lines
9 are provided such that a pair of a selection line 8 and a reset
line 9 is disposed corresponding to each row of the pixels or
sub-pixels. In the above example, the voltage of the reset line
9 is controlled for each sub-pixel. Here, a display region 24 is
an area including the pixels arranged in a matrix.

[0044] While p-type transistors are used in the example
shown in FIG. 1, n-type transistors may be used. In this case,
the polarities of the lines are appropriately changed. Further,
while an organic EL element is adopted as a light emitting
element in the example described above, other driven-by-
current type light emitting elements may be used.

PARTS LIST
[0045] 1 organic EL element
[0046] 2 driving transistor
[0047] 3 selection transistor
[0048] 4 reset transistor
[0049] 5 storage capacitor
[0050] 6 coupling capacitor
[0051] 7 data line
[0052] 8 selection line
[0053] 8-0 selection line
[0054] 8-1 selection line
[0055] 8-2 selection line
[0056] 9 reset line
[0057] 10 power source line
[0058] 11 cathode electrode
[0059] 12 pixel
[0060] 12-0 subpixel
[0061] 12-1 subpixel
[0062] 12-2 subpixel
[0063] 20 data driver
[0064] 22 reset driver
[0065] 24 display region

1. A display panel, comprising:

one or more data lines for a carrying one of three predeter-
mined voltage levels;

one or more selection lines;

one or more reset lines; and

a plurality of pixels, wherein each pixel comprises:

a coupling capacitor having a first terminal connected to
one of the one or more data lines;

aselection transistor having a first terminal connected to
asecond terminal of the coupling capacitor, and a gate
connected to one of the one or more selection lines;

a driving transistor having a gate connected to a second
terminal of the selection transistor, wherein the driv-
ing transistor supplies a current in accordance with a
gate potential;

a light emitting element connected to a second terminal
of the driving transistor and emitting light as a result
of an electric current supplied by the driving transis-
tor;
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areset transistor having a first terminal connected to the
second terminal of the driving transistor, a second
terminal connected to the first terminal of the selec-
tion transistor, and a gate connected to one of the one
or more reset lines; and

a storage capacitor connected to the gate of the driving
transistor.
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