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ELECTRO-LUMINESCENCE DISPLAY

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] The invention is related to an electroluminescent
display, and more particularly, to an electroluminescent dis-
play with improved lifetime.

[0003] 2. Description of the Prior Art

[0004] In recent years, due to the successful development
of organic materials, the organic light-emitting display
(OLED) has been noticed in the display market because of its
advantages such as simple structure, low working tempera-
ture, high contrast, and wide visual angle.

[0005] Referring to FIG. 1, it is a schematic diagram of the
method of fabricating organic light-emitting elements on a
substrate according to the prior art. Generally, an OLED 14
comprises devices fabricated on a substrate 16, which has a
plurality of pixel regions 30 defined thereon. Each pixel
region 30 comprises at least three sub-pixel regions 24, 26,28
to produce light with different colors, such as red light, green
light, and blue light. Each of the sub-pixel regions 24, 26, 28
comprises at least one switch device, such as a thin-film
transistor 18, to control the operation of the corresponding
sub-pixel region 24, 26, or 28. In addition, an organic light-
emitting element 20 is disposed in each of the sub-pixel
regions 24, 26, 28 and electrically connected to the thin-film
transistor 18, so that electrons and holes can be recombined in
the light-emitting layer 22 of the organic light-emitting ele-
ment 20 to produce light when the sub-pixel region 24, 26, or
28 is turned on. Furthermore, light sources with different
colors need to be fabricated with different organic light-emit-
ting materials. Here a traditional OLED composed of three
kinds of sub-pixel regions, the red, green, and blue sub-pixel
regions, is used as an example for explanation. When fabri-
cating the organic light-emitting elements 20 for producing
red light, green light, and blue light individually, the red,
green, and blue light-emitting layers 22 need to be formed
separately in the sub-pixel regions 24, 26, 28 respectively. For
example, a first, a second, and a third shadow masks are used
separately to fabricate the red, green, and blue light-emitting
layers 22 in the corresponding sub-pixel regions 24, 26, 28,
wherein each of the first, second, and third shadow masks has
a plurality of openings for defining the positions of the red,
green, or blue sub-pixel regions 24, 26, or 28. As indicated in
FIG. 1, the green light-emitting layers 22 can be formed
through the openings 12 of a first shadow mask 10 on the
substrate 16, and then the light-emitting layers 22 with other
colors can be formed through the openings of a second or a
third shadow mask on the substrate 16 of the OLED 14.
[0006] Referring to FIG. 2, it is a schematic diagram of the
shadow mask 10 for fabricating the organic light-emitting
element 20 shown in FIG. 1 according to the prior art. The
traditional shadow mask 10 comprises a plurality of openings
12. While the organic light-emitting elements 20 are being
fabricated, the light-emitting layers 22 are formed on the
substrate 16 through the opening 12 of the shadow mask 10.
Therefore, the size and distance of the openings 12 determine
the distance of any two adjacent organic light-emitting ele-
ments 20, and moreover control the size and density of the
sub-pixel regions 24, 26, 28. Currently, the shadow mask 10
is mostly fabricated by a photolithography-etching process or
an electroforming process. Under the technology limit of
these processes, a minimum distance B exists between two
neighboring openings 12 in order to make the shadow mask
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10 have enough strength, which becomes the bottleneck of the
progress in increasing the light-emitting areas of the sub-
pixel regions 24, 26, 28.

[0007] Moreover, since the lifetime of a general organic
light-emitting element will be shorten following the increase
of the operating current, and the blue light organic light-
emitting element has the shortest lifetime among red, green
and blue light organic light-emitting elements, how to adjust
the location allocation of these sub-pixel regions to improve
the density of the pixel regions and the lifetime of the display
is still an important topic for the industry in need of research-
ing.

SUMMARY OF THE INVENTION

[0008] Itisanobjective of the claimed invention to provide
an electroluminescent display having sub-pixel regions with
various areas to solve the problems of the prior-art OLEDs
such as uneven lifetime and the difficulty of improvement of
the opening ratio.

[0009] According to the claimed invention, the electrolu-
minescent display comprises a substrate with a plurality of
pixel regions, each of which has a first sub-pixel region, a
second sub-pixel region, and a third sub-pixel region. The
electroluminescent display of the claimed invention further
comprises a plurality of first color light-emitting layers, a
plurality of second color light-emitting layers, and a plurality
of third color light-emitting layers positioned on the sub-
strate. Each first color light-emitting layer is positioned in the
first sub-pixel region, and each second color light-emitting
layer is position in two adjacent second sub-pixel regions. In
one single pixel region, the area of the first sub-pixel region is
larger than that of the second sub-pixel region.

[0010] It is an advantage of the claimed invention that the
electroluminescent display comprises sub-pixels with vari-
ous areas and one single color light-emitting layer may be
used in different sub-pixel regions simultaneously, so that the
lifetime and the operation voltage of the organic or non-
organic light-emitting elements may be adjusted by designing
the arrangement and areas of the sub-pixel regions. Accord-
ingly, the density of the sub-pixel regions can be increased to
improve the entire resolution of the electroluminescent dis-
play.

[0011] These and other objectives of the present invention
will no doubt become obvious to those of ordinary skill in the
art after reading the following detailed description of the
preferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a schematic diagram of the manufacture
method of organic light-emitting elements on a substrate
according to the prior art.

[0013] FIG. 2 is a schematic diagram of the shadow mask
for fabricating the organic light-emitting elements shown in
FIG.1.

[0014] FIG. 3 is a schematic diagram of an OLED accord-
ing to a first embodiment of the present invention.

[0015] FIG. 4 is a schematic diagram of the sub-pixel cir-
cuit shown in FIG. 3.

[0016] FIG. 51is a schematic diagram of an arrangement of
the sub-pixel regions of the OLED shown in FIG. 3 according
to a first embodiment of the present invention.
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[0017] FIGS. 6-9 are schematic diagrams of the OLEDs
according to the second to fifth embodiments of the present
invention.

DETAILED DESCRIPTION

[0018] The present invention provides an electrolumines-
cent display, for example, an OLED or an inorganic light-
emitting diode display.

[0019] With reference to FIG. 3, FIG. 3 is a schematic
diagram of an OLED 50 according to a first embodiment of
the present invention. The OLED 50 comprises a display
panel 52, at least one scan line driver 54, and at least one data
line driver 56. Wherein a plurality of scan lines 58 and a
plurality of data lines 60 perpendicular to the scan lines 58 are
disposed on the display panel 52, defining a plurality of
sub-pixel regions 61 arranged as an array. Each sub-pixel
region 61 comprises a sub-pixel circuit 62 electrically con-
nected to the corresponding scan line 58 and data line 60.
Generally, the scan line driver 54 and the data line driver 56
provide signals to the scan lines 58 and data lines 60 respec-
tively to enable sub-pixel circuits 62 to produce colorful light
with various gray levels in the display regions of the sub-pixel
regions 61 according to the image data, so as to display
images.

[0020] Referringto FIG. 4, FIG. 4 is a schematic diagram of
the sub-pixel circuit 62 shown in FIG. 3. Taking an active
matrix OLED as an example, the sub-pixel circuit 62 com-
prises thin-film transistors 64 and 66, a storage capacitor 68,
and an organic light-emitting element 70. The gate 64a and
drain 645 of the thin-film transistor 64 are electrically con-
nected to the scan line 58 and the data line 60 respectively.
The gate 66a of the thin-film transistor 66 is electrically
connected to the source 64c of the thin-film transistor 64 and
a node of the storage capacitor 68. The source 66¢ and the
drain 665 of the thin-film transistor 66 are electrically con-
nected to an external power source Vdd and the anode 70a of
the organic light-emitting element 70, and the cathode 705 of
the organic light-emitting element 70 is grounded. Therefore,
the thin-film transistor 64 disposed in the sub-pixel region 61
can control the light-emitting performance of the correspond-
ing sub-pixel region 61.

[0021] To improve the performance of the display affected
by the various lifetime of different color light emitting mate-
rials, the present invention provides the structure of an OLED
50 with special arrangements of sub-pixel regions 61. FIG. 5
is a schematic diagram of the arrangement of the sub-pixel
regions 61 of the OLED 50 shown in FIG. 3 according to a
first embodiment of the present invention. The organic light-
emitting display panel 52 comprises a substrate 53 having a
plurality of pixel regions 80 as indicated by the dotted lines. In
this embodiment, every pixel region 80 comprises three sub-
pixel regions 61 including the first sub-pixel region 61B, the
second sub-pixel region 61G, and the third sub-pixel region
61R. arranged as an array 78. The first sub-pixel region 61B,
the second sub-pixel region 61G, and the third sub-pixel
region 61R respectively indicate three kinds of sub-pixels
producing different color lights, such as blue light B, green
light G, and red light R. The array 78 comprises a plurality of
rows W1 and W2, wherein each of the odd rows W1 is an
alternation of one first sub-pixel region 61B and two second
sub-pixel regions 61G, and each of the even rows W2 is an
alternation of two third sub-pixel regions 61R and one first
sub-pixel region 61B. In addition, the first sub-pixel regions
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61B are not positioned adjacent to each other and are sepa-
rated by two second sub-pixel regions 61G or two third sub-
pixel regions 61R.

[0022] Moreover, the display panel 52 further comprises a
plurality of first color light-emitting layers 72, a plurality of
second color light-emitting layers 74, and a plurality of third
color light-emitting layers 76 with about the same areas. By
taking the above-mentioned blue light, green light, and red
light as an example, the first color light-emitting layers 72, the
second color light-emitting layers 74, and the third color
light-emitting layers 76 may be blue light-emitting layers,
green light-emitting layers, and red light-emitting layers
respectively, and may be fabricated by the shadow mask 10 as
indicated in FIG. 2 individually, so that they have areas with
the same size. According to FIG. 5, each first color light-
emitting layer 72 is positioned in a single first sub-pixel
region 61B, while each second color light-emitting layer 74 is
positioned in two adjacent second sub-pixel regions 61G, and
each third color light-emitting layer 76 is positioned in two
neighboring third sub-pixel regions 61R at the same time.
Since a single second color light-emitting layer 74 or a single
third color light-emitting layer 76 is positioned in two neigh-
boring sub-pixel regions 61 (in two second sub-pixel regions
61G or two third sub-pixel regions 61R), the area of a single
first sub-pixel region 61B is larger than that ofa single second
sub-pixel region 61G or a single third sub-pixel region 61R
within a pixel region 80. In this embodiment, the area of a first
sub-pixel region 61B may be about 9x10~* to 2.25x107>
square millimeters (mm?), which is about twice as the area of
one single second sub-pixel region 61G or one single third
sub-pixel region 61R. However, in other embodiments, the
area of a single first sub-pixel region 61B may be 1.3 to 6
times larger than the area of a single second sub-pixel region
61G or of a single third sub-pixel region 61R.

[0023] According to the present invention, a single color
light-emitting layer, such as the second or a third color light-
emitting layer 74, 76, may be applied in two sub-pixel regions
at the same time, such as the second or third sub-pixel regions
61G, 61R. As a result, when fabricating the color light-emit-
ting layers by utilizing shadow masks with the openings
having the same size as the prior art, one single color light-
emitting layer can be applied to two sub-pixel regions, which
increases the density of pixel arrangement and further
improves the entire resolution of the OLED. In addition, in
order to overcome the problem ofthe short lifetime of the blue
light-emitting layer, the area of the first sub-pixel region 61B
which produces blue light is twice as the areas of the second
and third sub-pixel regions 61G and 61R, as shown in FIG. 5.
Therefore, the operation voltage of the first sub-pixel regions
61B can be smaller than the operation voltage of the second
sub-pixel region 61G or the third sub-pixel region and 61R so
as to extend the lifetime of the first sub-pixel regions 61B. As
a result, the blue, green, and red organic light-emitting ele-
ments 70 of the OLED 50 have uniform lifetimes.

[0024] FIGS. 6-9 are schematic diagrams of OLEDs
according to the second to the fifth embodiments of the
present invention. To simplify explanation, all the element
symbols in FIG. 6 to FIG. 9 are the same as those used in FIG.
5. With reference to F1G. 6, according to the second embodi-
ment ofthe present invention, a plurality of pixel regions 80 is
disposed on the substrate 53. Each pixel region 80 comprises
a first sub-pixel region 61B, a second sub-pixel region 61G,
and a third sub-pixel region 61R to form an array 78. The
array 78 comprises a plurality of rows W1 and W2 and a
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plurality of columns N1 and N2. Each of the odd rows W1 is
composed of the first sub-pixel regions 61B and the second
sub-pixel regions 61G, and is an alternation of one first sub-
pixel region 61B and two sub-pixel regions 61G. Each of the
even rows W2 is composed of the first sub-pixel regions 61B
and the third sub-pixel regions 61R, and is an alternation of
one first sub-pixel region 61B and two third sub-pixel regions
61R. The difference of this embodiment from the first
embodiment is that the first sub-pixel regions 61B in the
neighboring rows W1 and W2 of this embodiment are next to
each other and arranged as the odd columns N1, and the
second sub-pixel regions 61G and the third sub-pixel regions
61R neighborly arranged as the even columns N2.

[0025] Referring to FIG. 7, according to the third embodi-
ment of the present invention, the area of the first sub-pixel
regions 61B is twice as the area of the second sub-pixel
regions 61G or the area of the third sub-pixel region 61R.
Each of the odd rows W1 of the array 78 is an alternation of
one first sub-pixel region 61B and two second sub-pixel
regions 61G, and each of the even rows W2 is an alternation
of one first sub-pixel region 61B and two third sub-pixel
regions 61R. Furthermore, the even rows W2 are shifted
along a horizontal direction by a distance of half of the width
W of the first color light-emitting layers 72 in comparison
with the odd rows W1. As a result, the first sub-pixel regions
61B in the neighboring rows W1 and W2 are vertically adja-
cent to each other by the distance of half of the width W of the
first color light-emitting layers 72 and arranged as a plurality
ofcurved odd columns N1. The second and the third sub-pixel
regions 61G and 61R are also away from each other by half of
the width W of the second or the third color light-emitting
layers 74 or 76, and are vertically adjacent to each other to
form a plurality of curved even columns N2.

[0026] With reference to FIG. 8, the OLED 50 of the forth
embodiment of the present invention comprises a plurality of
pixel regions 80 positioned on the substrate 53. Each pixel
regions 80 has three sub-pixel regions including the first, the
second, and the third sub-pixel regions 61B, 61G, and 61R
arranged as an array 78. The area of the first sub-pixel regions
61B is larger than the areas of the second sub-pixel regions
61G and the third sub-pixel regions 61R. For example, it may
be 1.3 to 6 times larger than the area of the second or the third
sub-pixel regions 61G, 61R. The first sub-pixel regions 61B
are vertically adjacent to each other to form the odd columns
N1. Two second sub-pixel regions 61G and two third sub-
pixel regions 61R are disposed side by side along the vertical
direction and alternately form the even rows N2. In addition,
every first color light-emitting layer 72 is only positioned in
one single first sub-pixel region 61B. Every second color
light-emitting layer 74 and every third color light-emitting
layer 76 are respectively positioned in two second sub-pixel
regions 61G and two third sub-pixel regions 61R at the same
time. Therefore, each even column N2 is also an alternation of
a second color light-emitting layer 74 and a third color light-
emitting layer 76. Moreover, the array 78 also comprises a
plurality of rows W1 and W2, each of which is an alternation
of a second and a third sub-pixel regions 61G, 61R and a first
sub-pixel region 61B.

[0027] FIG. 9 is the schematic diagram of the arrangement
of the sub-pixel regions 61 of the OLED 50 according to a
fifth embodiment of the present invention. It is different from
the previous embodiments that each of the third color light-
emitting layers 76 is only positioned in one single sub-pixel
region 61R in this embodiment, while each of the second

Sep. 25, 2008

color light-emitting layers 74 is still positioned in two neigh-
boring second sub-pixel regions 61G at the same time.
Accordingly, the area of each first sub-pixel region 61B and
the area of each third sub-pixel region 61R are approximately
the same and are larger than the area of each second sub-pixel
region 61G;, such as 1.3 1o 6 times (preferable 2 times) larger
than the area of each second sub-pixel region 61G. When the
OLED 50 of the present invention is under operation, the
operation voltages of the first sub-pixel regions 61B and the
third sub-pixel regions 61R may be lower than that of the
second sub-pixel regions 61G, so that the lifetimes of the first
color light-emitting layers 72 and the third color light-emit-
ting layers 76 can be extended. In other embodiments of the
presentinvention, the arrangement of the first, the second, and
the third sub-pixel regions 61B, 61G, 61R may be different
according to the requirements of the product design, so that
they may have various relative positions and sizes of areas. In
addition, the first, the second, and the third sub-pixel regions
61B, 61G, 61R may individually represent sub-pixel regions
producing color light other than blue, green, and red lights.
For example, the second sub-pixel regions 61G may comprise
cyan light-emitting layers, magenta light-emitting layers, or
yellow light-emitting layers so as to produce cyan light,
magenta light, or yellow light. In the above embodiments, the
materials of the color light-emitting layers may comprise
organic light-emitting materials, such as small molecule
materials or polymer materials, or inorganic light-emitting
materials. Therefore, although OLEDs are used for explain-
ing the arrangements of the sub-pixel regions and color light-
emitting layers in the above embodiments, the application
field is not limited. In other words, the arrangements of the
color light-emitting layers and sub-pixel regions in these
embodiments can be applied to all kinds of electrolumines-
cent displays.

[0028] According to the design of the present invention,
one single color light-emitting layer may be applied 1o two or
more sub-pixel regions at the same time even though all the
color light-emitting layers are formed by use of the shadow
masks with openings having the same size in contrast to the
prior art, so that the resolution of the display device can be
increased. In addition, the structure of the electroluminescent
display of the present invention is designed to have various
areas of different sub-pixel regions according to the operation
lifetimes and qualities of the corresponding color light-emit-
ting layers, so that different sub-pixel regions can have dif-
ferent operation voltages and brightness. As a result, the
traditional limitation of operation conditions of the color
light-emitting layers that have a short lifetime is overcome, so
as to extend the overall lifetime of the electroluminescent
display.

[0029] Those skilled in the art will readily observe that
numerous modifications and alterations of the device and
method may be made while retaining the teachings of the
invention.

What is claimed is:

1. An electroluminescent display comprising:

a substrate having a plurality of pixel regions, each of the
pixel regions including a first sub-pixel region, a second
sub-pixel region, and a third sub-pixel region; and

a plurality of first color light-emitting layers, a plurality of
second color light-emitting layers, and a plurality of
third color light-emitting layers disposed on the sub-
strate, each of the first color light-emitting layers being
positioned in one of the first sub-pixel regions, and each
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of the second color light-emitting layers being posi-
tioned in two adjacent second sub-pixel regions,
wherein an area of the first sub-pixel region is larger than
an area of the second sub-pixel region in the single pixel
region.

2. The electroluminescent display of claim 1, wherein the
third color light-emitting layer is positioned in two adjacent
third sub-pixel regions, and the area of the first sub-pixel
region is larger than an area of the third sub-pixel region in the
single pixel region.

3. The electroluminescent display of claim 1, wherein the
area of the first sub-pixel region is about twice as an area of
the third sub-pixel region.

4. The electroluminescent display of claim 1, wherein each
of the third color light-emitting layers is positioned in only
one third sub-pixel region, and an area of the third sub-pixel
region is larger than the area of the second sub-pixel region in
a single pixel region.

5. The electroluminescent display of claim 1, wherein the
first sub-pixel regions, the second sub-pixel regions, and the
third sub-pixel regions are arranged as an array that comprises
a plurality of rows, each of the odd rows of the array is an
alternation of one first sub-pixel region and one second sub-
pixel region, and each of the even rows of the array is an
alternation of one third sub-pixel region and one first sub-
pixel region.

6. The electroluminescent display of claim 5, wherein the
first sub-pixel regions are not adjacent to each other.

7. The electroluminescent display of claim 5, wherein the
first sub-pixel regions in the adjacent rows are adjacent to
each other and arranged as a plurality of columns.

8. The electroluminescent display of claim 5, wherein the
even rows are shifted from the odd rows along a horizontal
direction by a distance of a half width of the first color light-
emitting layers.

9. The electroluminescent display of claim 1, wherein the
area of the first sub-pixel regions is about twice as the area of
the second sub-pixel regions.

10. The electroluminescent display of claim 1, wherein the
first sub-pixel regions, the second sub-pixel regions, and the
third sub-pixel regions are arranged as an array that comprises
aplurality of columns, each ofthe odd columns of the array is
composed of the pluralities of the first sub-pixel regions, and
each of the even columns of the array is an alternation of two
second sub-pixel regions and two third sub-pixel regions.

11. The electroluminescent display of claim 10, wherein
each of the even columns of the array is an alternation of one
second color light-emitting layer and one third color light-
emitting layer.

12. The electroluminescent in claim 10, wherein one of the
first sub-pixel regions, one of the second sub-pixel regions,
and one of the third sub-pixel regions are adjacent to each
other, the array comprises a plurality of rows, and each of the
rows is an alternation of a second and a third sub-pixel regions
and a first sub-pixel region.

13. The electroluminescent display of claim 1, wherein the
area of the first sub-pixel region is 1.3 to 6 times larger than
the area of the second sub-pixel regions.
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14. The electroluminescent display of claim 13, wherein
the area of the first sub-pixel regions is 1.3 to 6 times larger
than an area of the third sub-pixel regions.

15. The electroluminescent display of claim 1, wherein
each of the first color light-emitting layers comprises a blue
light-emitting layer.

16. The electroluminescent display of claim 1, wherein
each of the second color light-emitting layers comprises a
green light-emitting layer.

17. The electroluminescent display of claim 1, wherein
each of the second color light-emitting layers comprises a
green light-emitting layer and each of the third color light-
emitting layers comprises a red light-emitting layer.

18. The electroluminescent display of claim 1, wherein
each of the third color light-emitting layers comprises a red
light-emitting layer.

19. The electroluminescent in claim 1, wherein each of the
second color light-emitting layers comprises a cyan light-
emitting layer, a magenta light-emitting layer, or a yellow
light-emitting layer.

20. The electroluminescent display of claim 1, further
comprising a plurality of thin-film transistors, each of which
being positioned in one of the first sub-pixel regions, the
second sub-pixel regions, and the third sub-pixel regions.

21. The electroluminescent display of claim 1, wherein the
area of the first sub-pixel region is about 9x10™* square mil-
limeters (mm?) to 2.25x10-2 mm?.

22. The electroluminescent display of claim 1, wherein
areas of the first color light-emitting layer, the second color
light-emitting layer, and the third light-emitting layer are
approximately the same.

23. The electroluminescent display of claim 1, wherein the
first light-emitting layers, the second light-emitting layers,
and the third light-emitting layers comprise organic light-
emitting layers.

24. An electroluminescent display, comprising:

a substrate comprising a plurality of pixel regions, each of
which comprises a first sub-pixel region, a second sub-
pixel region, and a third sub-pixel region, wherein two of
the second sub-pixel regions are disposed adjacent to
each other;

at least one blue light-emitting layer formed in one of the
first sub-pixel regions;

at least one green light-emitting layer formed in one of the
second sub-pixel regions; and

at least one red light-emitting layer formed in one of the
third sub-pixel regions;

wherein an area of the first sub-pixel region is larger than an
area of the second sub-pixel region.

25. The electroluminescent display of claim 24, wherein
the first sub-pixel regions and the second sub-pixel regions
are alternately disposed.

26. The electroluminescent display of claim 24, wherein
the blue light-emitting layer, the red light-emitting layer, and
the green light-emitting layer comprise organic light-emitting
layers.
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