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7) ABSTRACT

The present invention relates to an electroluminescence dis-
play panel and a method of driving the same. The electrolu-
minescence display panel comprises a plurality of pixels
arranged in a matrix, each of the pixels including a red sub-
pixel, a green sub-pixel and a blue sub-pixel. The blue sub-
pixel includes at least a first blue sub-sub-pixel and a second
blue sub-sub-pixel. In operation, the first blue sub-sub-pixel
and the second blue sub-sub-pixel are alternately driven
among frames.
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1
ELECTROLUMINESCENCE DISPLAY PANEL
AND DRIVING METHOD THEREOF

BACKGROUND

The present invention relates to an electroluminescence
display device.

As anew type of display device, electroluminescence (EL)
display device displays by using light generated through elec-
trically exciting organic compounds. The EL display device
has advantages of low power consumption, flat plate display,
self-illuminating, etc. However, due to insufficient perfor-
mance and being heated intrinsically in operation, the organic
compounds developed currently have a short lifetime. Typi-
cally, red and green organic compounds for emitting red and
green color light respectively have a lifetime more than about
40,000 hours, and blue organic compound for emitting blue
color light has a shorter lifetime of about 10,000-15,000
hours, which is about ¥4 of that of the red and green organic
compounds, since the blue organic compound is heated more
quickly.

As described above, since the red, green and blue organic
compounds constituting an EL display device have different
lifetimes, and in particular, the lifetime of the blue organic
compound is about ¥4 of that of the red and green organic
compounds, the blue organic compound render decreased the
lifetime of the whole EL display panel using such three kinds
of organic compounds.

Two technical solutions to extend the lifetime of blue sub-
pixels have been proposed in a conventional technology. One
is to apply a low electrical current to a blue sub-pixel, and the
other 1s to enlarge area of the blue sub-pixel while applying a
low electrical current thereto. Although the first method of
applying a low electrical current may extend the lifetime of
blue sub-pixels, color reproduction under a low current is
weaker than that under a normal electrical current, and thus
color requirement for full color display can not be satisfied
properly. The second method satisfies a general color require-
ment by enlarging the area, but the color reproduction is still
weaker than that that under anormal electrical current and the
color requirement for full color display cannot be satisfied
either.

SUMMARY

An exemplary embodiment of the invention provides an
electroluminescence display panel comprising a plurality of
pixels s arranged in a matrix. Each of the pixels comprises a
red sub-pixel, a green sub-pixel and a blue sub-pixel. The blue
sub-pixel includes at least a first blue sub-sub-pixel and a
second blue sub-sub-pixel. In operation, the first and second
blue sub-sub-pixels are used alternately among frames, so as
to emit light of a predetermined color.

Another exemplary embodiment of the invention provides
a method of driving an electroluminescence (EL) display
panel comprising a plurality of pixels arranged in a matrix,
each of the pixels including a red sub-pixel, a green sub-pixel
and a blue sub-pixel, and the blue sub-pixel including at least
a first blue sub-sub-pixel and a second blue sub-sub-pixel, the
method comprising in operation, the first and second blue
sub-sub-pixels are driven alternately among frames to emit
light of a predetermined color.

Further scope of applicability of the present invention will
become apparent from the detailed description given herein-
after. However, it should be understood that the detailed
description and specific examples, while indicating preferred
embodiments ofthe invention, are given by way ofillustration
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2

only, since various changes and modifications within the
spirit and scope of the invention will become apparent to
those skilled in the art from the following detailed descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinafter and the
accompanying drawings which are given by way of illustra-
tion only, and thus are not limitative of the present invention
and wherein:

FIGS. 1a and 15 are schematic illustrations showing a
configuration of an electroluminescence display panel
according to a first embodiment of the invention;

FIG. 2 is a schematic illustration showing a configuration
of an electroluminescence display panel according to a sec-
ond embodiment of the invention; and

FIG. 3 is a schematic illustration showing a configuration
of an electroluminescence display panel according to a third
embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In consideration of technical problem that an electrolumi-
nescence (EL) display panel has a short lifetime directly due
to a short lifetime of blue sub-pixels, an embodiment of the
invention propose a EL display panel in which at least two
blue sub-sub-pixels are operated alternately, that is, a blue
sub-pixel is constituted of at least two blue sub-sub-pixels
used alternately in operation such that the blue sub-pixel as a
whole has an extended lifetime, thereby extending the life-
time of the EL display panel.

First Embodiment

FIGS. 1a and 15 are schematic illustrations showing a
configuration of an EL display panel according to a first
embodiment of the invention. As shown in FIGS. 14 and 15,
the EL display panel of the present embodiment comprises a
plurality of pixels arranged in a matrix, each of which com-
prises a red sub-pixel 10, a green sub-pixel 20, a first blue
sub-sub-pixel 31 and a second blue sub-sub-pixel 32. The first
and second blue sub-sub-pixels 31 and 32 constitute a blue
sub-pixel, and each of them has a respective driving electrode.
In operation, the first and second blue sub-sub-pixels 31 and
32 are driven alternately among frames, that is, one of them is
driven in each frame. As shown in FIG. 1a, at a first timing, a
voltage is applied through a corresponding electrode on the
panel to the red sub-pixel 10 so as to control the red sub-pixel
10 to emit red color light 1; a voltage is applied through a
corresponding electrode to the green sub-pixel 20 so as to
control the green sub-pixel 20 to emit green color light 2; and
a voltage 1s applied through a corresponding electrode to the
first blue sub-sub-pixel 31 so as to control the first blue
sub-sub-pixel 31 to emit blue color light 3. The red color light
1, the green color light 2, and the blue color light 3 are used as
three primary colors for full color display. As shown in FIG.
15, at a second timing, a voltage is applied through a corre-
sponding electrode to the red sub-pixel 10 so as to control the
red sub-pixel 10 to emit red color light 1; a voltage is applied
through a corresponding electrode to the green sub-pixel 20
so as to control the green sub-pixel 20 to emit green color light
2; and a voltage is applied through a corresponding electrode
to the second blue sub-sub-pixel 32 so as to control the second
blue sub-sub-pixel 32 to emit blue color light 3. The red color
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light 1, the green color light 2, and the blue color light 3 are
also used as three primary colors for full color display. The
procedure is repeated to display images. Thus, the first and
second blue sub-sub-pixels 31 and 32 constituting a blue
sub-pixel are driven alternately in operation, and the lifetime
of the blue sub-pixel is extended at least two times longer than
that of a blue sub-pixel in a conventional EL display panel.

In the pixel configuration design according to the present
embodiment of the invention, the green sub-pixel having a
higher visibility (degree of being distinguished by human
eyes)is designed preferably to have a smaller area, and area of
the red sub-pixel and area of the blue sub-sub-pixels are
increased slightly such that area ratio of the green sub-pixel,
the red sub-pixel, and the first (or second) blue sub-sub-pixel
is about 100:110:120. More preferably, the area of the first
blue sub-sub-pixel is equal to that of the second blue sub-sub-
pixel, and in this case, the display quality can be highly
improved.

Second Embodiment

FIG. 2 is a schematic illustration showing a configuration
of an EL display panel according to a second embodiment of
the invention. In the foregoing embodiment as shown in
FIGS. 1a and 15, the pixel configuration is a typical stripe
design, in which the red sub-pixel 10, green sub-pixel 20, first
blue sub-sub-pixel 31 and second blue sub-sub-pixel 32 are
arranged in this order side by side in a stripe form. In this case,
since the second blue sub-sub-pixel 32 is farther away from
the red sub-pixel 10 and the green sub-pixel 20, the color
reproduction when the first blue sub-sub-pixel 31 is operated
and the color reproduction when the second blue sub-sub-
pixel 32 is operated are not identical to each other, and thus
image resolution may be lowered.

To solve the problem of image resolution decrease in a
stripe configuration, an embodiment of the invention further
proposes a block pixel configuration. As shown in FIG. 2, the
first blue sub-sub-pixel 31 is adjacent to the red sub-pixel 10,
the second blue sub-sub-pixel 32 is adjacent to the green
sub-pixel 20, and the first blue sub-sub-pixel 31is adjacent to
the second blue sub-sub-pixel 32. The positional relationship
of the first blue sub-sub-pixel 31 with respect to the red
sub-pixel 10 and the green sub-pixel 20 is substantially
equivalent to that of the second blue sub-sub-pixel 32. The
pixel configuration according to the present embodiment
gives rise to symmetrical area, symmetrical location, sym-
metrical display, etc. Thus, the image resolution is greatly
increased while obtaining a long lifetime.

In the pixel configuration design according to the present
embodiment of the invention, the green sub-pixel having a
higher visibility is designed preferably to have a smaller area,
and area of the red sub-pixel and area of the blue sub-sub-
pixels are increased slightly such that area ratio of the green
sub-pixel, the red sub-pixel, and the first (or second) blue
sub-sub-pixel is about 100:110:120. More preferably, the
area of the first blue sub-sub-pixel is equal to that of the
second blue sub-sub-pixel, and in this case, the display qual-
ity can be highly improved.

Third Embodiment

FIG. 3 is a schematic illustration showing a configuration
of an EL display panel according to a third embodiment of the
invention. As shown in FIG. 3, the EL display panel of the
present embodiment comprises a plurality of pixels arranged
in a matrix, each of which comprises a red sub-pixel 10, a
green sub-pixel 20, a first blue sub-sub-pixel 31, a second
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blue sub-sub-pixel 32, and a third blue sub-sub-pixel 33. The
first, second, and third blue sub-sub-pixels 31, 32, and 33
together constitute a blue sub-pixel, and each of them has a
respective driving electrode. In operation, the first, second
and third blue sub-sub-pixels 31, 32 and 33 are driven alter-
nately among frames. Specifically, one or two of them are
driven in each frame, and preferably two of them are driven
simultaneously in each frame.

Forexample, ata first timing, voltages are applied to the red
sub-pixel 10, the green sub-pixel 20, the first blue sub-sub-
pixel 31, and the second blue sub-sub-pixel 32 through cor-
responding electrodes on the panel, respectively, obtaining
three primary colors for full color display. At a second timing,
voltages are applied to the red sub-pixel 10. the green sub-
pixel 20, the second blue sub-sub-pixel 32, and the third blue
sub-sub-pixel 33 through corresponding electrodes on the
panel, respectively, obtaining three primary colors for full
color display. At a third timing, voltages are applied to thered
sub-pixel 10, the green sub-pixel 20, the third blue sub-sub-
pixel 33, and the first blue sub-sub-pixel 31 through corre-
sponding electrodes on the panel, respectively, obtaining
three primary colors for full color display. The procedure is
repeated to display images. In this way, two of the first blue
sub-sub-pixel 31, the second blue sub-sub-pixel 32. and the
third blue sub-sub-pixel 33 are driven by turns, and thus the
lifetime of the blue sub-pixel is extended at least 1.5 times
longer than that of a blue sub-pixel of a conventional EL
display panel. If the blue sub-sub pixels are driven with a low
electrical current, the lifetime can be further extended sub-
stantially without lowering the display quality, because two
blue sub-sub pixels can be used to emit more light.

Alternatively, in operation, one of the first, second and third
blue sub-sub-pixels 31, 32 and 33 is driven alternately
together with one of the rest two. For example, at a first
timing, the second blue sub-sub-pixel 32 is driven together
with the first blue sub-sub-pixel 31, and at a second timing,
the second blue sub-sub-pixel 32 is driven together with the
third blue sub-sub-pixel 33. In this exemplary configuration,
for example, the common second blue sub-sub-pixel 32 can
be driven with a low driven current so as to obtain a longer
lifetime.

The present embodiment is also of a block pixel configu-
ration, in which the first blue sub-sub-pixel 31 is adjacent to
the red sub-pixel 10, the third blue sub-sub-pixel 33 is adja-
cent to the green sub-pixel 20, and the second blue sub-sub-
pixel 32 is adjacent to both the red sub-pixel 10 and the green
sub-pixel 20. In the pixel configuration according to the
present embodiment, three blue sub-sub-pixels have charac-
teristics of symmetrical area, symmetrical location, sym-
metrical display, etc. Thus, the image resolution can be
greatly increased while obtaining a long lifetime.

In the pixel configuration design according to present
embodiment of the invention, the green sub-pixel having a
higher visibility is designed preferably to have a smaller area,
and area of the red sub-pixel and area of the blue sub-sub-
pixels are increased slightly such that ratio of area of the green
sub-pixel, area of the red sub-pixel and a sum of areas of the
first and second blue sub-sub-pixels (or a sum of areas of the
second and third blue sub-sub-pixels, or a sum of areas of the
third and first blue sub-sub-pixels) is about 100:110:120.
More preferably, areas of the first, second and third blue
sub-sub-pixels are equal to each other, and in this case, the
display quality can be highly improved.

In above embodiments of the invention, it is not necessary
that respective sub-pixels, sub-sub-pixels are strictly aligned
symmetrically with each other. Even though the sub-pixels
and sub-sub-pixels are unsymmetrical in a microscopic view,
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it is only a small dot in a macroscopic view, and will not
obviously disadvantageously affect the visibility. Many
variations may be made to pixel configurations as shown in
FIGS. 2 and 3, details of which would not be described herein
for simplicity.

In FIGS. 1a and 15, each pixel comprises a stack of anode
electrode, organic semiconductor layer, and cathode elec-
trode. Holes and electrons are injected into the organic semi-
conductor layer via the anode and cathode electrodes, respec-
tively. The injected holes and electrons recombine in the
organic semiconductor layer to emit light. Further, except for
a light emitting layer for emitting light, the organic semicon-
ductor may further comprise additional assistant layers such
as a hole injection layer, a hole transport layer, an electron
injection layer, an electron transport layer or the like to con-
stitute a laminated structure.

In consideration of the technical problem that the EL dis-
play panel has a short lifetime due to a short lifetime of blue
organic compound in blue sub-pixels, embodiments of the
invention propose an EL display panel in which at least two
blue sub-sub-pixels are included. In the invention, lifetime of
blue sub-pixels is extended by alternately driving at least two
blue sub-sub-pixel among frames. Further, by use of block
pixel configuration, blue sub-sub-pixels each have substan-
tially an equivalent positional relationship with respect to red
and green sub-pixels, and have characteristics of symmetrical
area, symmetrical location, symmetrical display, etc. Thus,
the image resolution can be greatly increased while obtaining
alonger lifetime. An embodiment of the invention provides a
method to driven the above EL display panel.

The invention is not limited to the configuration of the
above-described embodiments. For example, the each pixel
may further a white sub-pixel in addition to the red, green,
blue sub-pixels so as to emit light of a predetermined color in
combination.

The embodiments of the invention being thus described, it
will be obvious that the same may be varied in many ways.
Such variations are not to be regarded as a departure from the
spirit and scope of the invention, and all such modifications as
would be obvious to those skilled in the art are intended to be
included within the scope of the following claims.

What is claimed is:

1. An electroluminescence (EL) display panel comprising:

aplurality of pixels arranged in a matrix, each of the pixels

including a red sub-pixel, a green sub-pixel and a blue
sub-pixel, wherein the blue sub-pixel includes at least a
first blue sub-sub-pixel, a second blue sub-sub-pixel,
and a third blue sub-sub-pixel;

wherein the red sub-pixel, the green sub-pixel, the first blue

sub-sub-pixel, the second blue sub-sub-pixel, and the
third sub-sub-pixel are arranged adjacent to each other
in a block configuration;
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wherein during a first timing, a first combination of blue
sub-sub-pixels consisting of the first and second blue
sub-sub-pixels are driven together;

wherein during a second timing, a second combination of

blue sub-sub-pixels consisting of the second and the
third blue sub-sub-pixels are driven together;

wherein during a third timing, a third combination of blue

sub-sub-pixels consisting of the first and third blue sub-
sub-pixels are driven together;

wherein in operation, the first timing, the second timing,

and the third timing are driven in sequence.

2. The EL display panel of claim 1, wherein the red sub-
pixel, the green sub-pixel, the first blue sub-sub-pixel, and the
second blue sub-sub-pixel are arranged in this order side by
side in a stripe form.

3. The EL display panel of claim 1, wherein area of the red
sub-pixel, area of the green sub-pixel, and area of the first blue
sub-sub-pixel are in the ratio of about 100:110:120, and area
of the red sub-pixel, area of the green sub-pixel, and area of
the second blue sub-sub-pixel are in the ratio of about 100:
110:120.

4. The EL display panel of claim 1, wherein areas of the
first, second, and third blue sub-sub-pixels are equal to each
other.

5. The EL display panel of claim 1, wherein area of the red
sub-pixel, area of the green sub-pixel and a sum of areas of
any two of the first, second and third blue sub-sub-pixels are
in a ratio of about 100:110:120.

6. A method of driving an electroluminescence (EL) dis-
play panel comprising a plurality of pixels arranged in a
matrix, each of the pixels including a red sub-pixel, a green
sub-pixel and a blue sub-pixel, and the blue sub-pixel includ-
ing at least a first blue sub-sub-pixel, a second blue sub-sub-
pixel, and a third blue sub-sub-pixel, and the red sub-pixel,
the green sub-pixel, the first blue sub-sub-pixel, the second
blue sub-sub-pixel, and the third blue sub-sub-pixel being
arranged adjacent to each other in a block configuration, the
method comprising:

driving, during a first timing, a first combination of blue

sub-sub-pixels consisting of the first and second blue
sub-sub-pixels being driven together;
driving, during a second timing, a second combination of
blue sub-sub-pixels consisting of the second and the
third blue sub-sub-pixels being driven together;

driving, during a third timing, a third combination of blue
sub-sub-pixels consisting of the first and third blue sub-
sub-pixels being driven together;

wherein in operation, the first timing, the second timing,

and the third timing are driven in sequence.
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