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ARRANGEMENTS OF COLOR PIXELS FOR
FULL COLOR OLED

FIELD OF THE INVENTION

[0001] The present invention relates generally to a full
color display, and more particularly, to an organic light
emitting diode display device with arrangements of sub-
pixels.

BACKGROUND OF THE INVENTION

[0002] Generally, a full color display panel is composed of
red, green and blue sub-pixel devices, arranged in a stripe
form, a mosaic form or a delta form, so as to provide full
color effects by mixing the light of these colors emitted from
the individual sub-pixel devices in the display panel. Due to
its compact size, high resolution, low power consumption,
self-emission and fast response, organic light emitting diode
(OLED) display panels have widespreadly been used for
high definition displays of full color images.

[0003] Conventionally, an arrangement of the red, green
and blue sub-pixel devices of liquid crystal displays is
employed for OLED display panels, which is shown in
FIGS. 6a and 6. In this arrangement, each pixel 601 in the
pixel matrix 600 has a first, second and third sub-pixels 610,
620 and 630 that are adjacently aligned in the row direction
of the pixel matrix 600, and red, green and blue sub-pixel
devices 650, 660 and 670 that are arranged in the first,
second and third sub-pixels 610, 620 and 630, respectively,
along the row direction of the pixel matrix 600. As such, two
adjacent sub-pixel devices in the row direction define a gap
having a distance, Lr, and two adjacent sub-pixel devices in
the column direction define a gap having a distance, Lc,
which is much greater than the distance Lr, as shown in FIG.
6a.

[0004] Such an arrangement of the sub-pixel devices may
pose a considerable level of difficulty in the display panel
manufacturing process. For example, in the manufacture of
full-color OLED display panels, a shadow mask alignment
method is generally utilized to form the individual red, green
and blue sub-pixel devices through deposition of respective
organic layers on a substrate of the display panel. The
resolution of an OLED display panel depends on the open-
ing dimensions of the shadow mask. For the arrangement of
the sub-pixel devices shown in FIG. 6a, the distance Lr
between two adjacent sub-pixel devices in the row direction
is significantly less than the distance Lc between two
adjacent sub-pixels in the column direction. Accordingly, the
alignment tolerance of a sub-pixel device in the row direc-
tion, Lr/2, is much less than the alignment tolerance of a
sub-pixel device in the column direction, L.¢/2 in the display
panel manufacturing process. This may cause misalignment
of the sub-pixel devices in the OLED display panels. An
example of the sub-pixel device misalignment is shown in
FIG. 6b. Misalignment in the sub-pixel devices results in
problems such as no deposition of the organic layer and thus
the short-circuiting of the lower electrode and the upper
electrode of the sub-pixel device, and deposition of the
organic layer in an adjacent sub-pixel, which causes mixing
of colors or non-emission of light. The arrangement of the
sub-pixel devices also makes fabricating a shadow mask
very difficult. In addition, it is hard to manufacture a
high-resolution OLED display using the arrangement of the
sub-pixel devices.
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[0005] Therefore, a heretofore unaddressed need exists in
the art to address the aforementioned deficiencies and inad-
equacies.

SUMMARY OF THE INVENTION

[0006] The present invention, in one aspect, relates to a
display panel capable of displaying a color image. In one
embodiment, the display panel includes a plurality of pixels
formed in a matrix with a row direction and a column
direction. Each pixel has a first sub-pixel, a second sub-pixel
and a third sub-pixel adjacently aligned along the row
direction of the matrix, and a first light emission zone, a
second light emission zone and a third light emission zone
arranged in a triangle with the geometrical center of each
emission zone located at a respective vertex of the triangle
such that one side of the triangle is substantially parallel to
one of the row direction and the column direction, wherein
each of the first light emission zone, thet second light
emission zone and the third light emission is capable of
emitting light in a unique color. As arranged in the matrix of
the plurality of pixels, any two adjacent light emission zones
of different colors in the row direction define a gap having
a distance, and any two adjacent light emission zones of
different colors in the column direction define a gap having
a distance that is substantially or nearly the same as the
distance of the gap defined between two adjacent light
emission zones of different colors in the row direction.
[0007] Inone embodiment, each of the first light emission
zone, the second light emission zone and the third light
emission zone comprises a corresponding one of a red light
emission zone, a green light emission zone and a blue light
emission zone. Each of the red, green and blue light emis-
sion zones has a width in the row direction and a length in
the column direction, where the width and the length of each
of the red, green and blue light emission zones are different
or substantially identical. In one embodiment, the geometri-
cal center of each of the red, green and blue light emission
zones is located in a corresponding sub-pixel of the first,
second and third sub-pixels, and of the pixel, respectively,
such that the one side of the triangle is substantially parallel
to the row direction. In another embodiment, the geometrical
center of one of the red, green and blue light emission zones
is located in one of the first and third sub-pixels of the pixel,
and the geometrical centers of the rest of the red, green and
blue light emission zones are located in the other of the first
and third sub-pixels of the pixel, respectively, such that the
one side of the triangle is substantially parallel to the column
direction.

[0008] Each of the red, green and blue light emission
zones comprises a light emitting diode device capable of
emitting light in a respective color of red, blue and green
colors. In one embodiment, the light emitting diode device
includes an organic light emitting diode (OLED) device or
a plurality of OLED devices connected in series. Each
OLED device comprises a top-emission OLED device or a
bottom-emission OLED device. Additionally, the OLED
device may have a normal structure or an inverted structure.
[0009] The display panel further comprises a driving cir-
cuit to individually drive the red, green and blue light
emission zones of each of the plurality of pixels to emit light
of corresponding colors therefrom. In one embodiment, the
driving circuit is formed such that the display panel corre-
sponds to one of a passive matrix OLED device and an
active matrix OLED device.
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[0010] In another aspect, the present invention relates to a
display panel capable of displaying a color image, formed
with a plurality of pixels in a matrix with a row direction and
a column direction, where each pixel comprises a first
sub-pixel, a second sub-pixel and a third sub-pixel adja-
cently aligned along the row direction of the matrix, and a
red light emission zone, a green light emission zone and a
blue light emission zone. In one embodiment, the display
panel comprises an arrangement of the red, green and blue
light emission zones of a pixel in a triangle with the
geometrical center of each emission zone located at a
respective vertex of the triangle such that one side of the
triangle is substantially parallel to one of the row direction
and the column direction, thereby in the plurality of pixels,
any two adjacent light emission zones of different colors in
the row direction define a gap having a distance, and any two
adjacent light emission zones of different colors in the
column direction define a gap having a distance that is
substantially or nearly the same as the distance of the gap
defined between two adjacent light emission zones of dif-
ferent colors in the row direction. Each of the red, green and
blue light emission zones comprises a light emitting diode
device capable of emitting light in a respective color of red,
blue and green colors.

[0011] In one embodiment, the geometrical center of each
of the red, green and blue light emission zones is located in
a corresponding sub-pixel of the first, second and third
sub-pixels, and of the pixel, respectively, such that the one
side of the triangle is substantially parallel to the row
direction. In another embodiment, the geometrical center of
one of the red, green and blue light emission zones is located
in one of the first and third sub-pixels of the pixel, and the
geometrical centers of the rest of the red, green and blue
light emission zones are located in the other of the first and
third sub-pixels of the pixel, respectively, such that the one
side of the triangle is substantially parallel to the column
direction.

[0012] In yet another aspect, the present invention relates
to a method for forming a display panel for displaying a
color image, where the display panel has a plurality of pixels
in the form of a matrix with a row direction and a column
direction, and wherein each pixel comprises a first sub-pixel,
a second sub-pixel and a third sub-pixel adjacently aligned
along the row direction of the matrix, and a red light
emission zone, a green light emission zone and a blue light
emission zone. In one embodiment, the method includes the
step of arranging the red, green and blue light emission
zones of a pixel in a triangle with the geometrical center of
each light emission zone located at a respective vertex of the
triangle such that one side of the triangle is substantially
parallel to one of the row direction and the column direction,
thereby in the matrix of the plurality of pixels, any two
adjacent light emission zones of different colors in the row
direction define a gap having a distance, and any two
adjacent light emission zones of different colors in the
column direction define a gap having a distance that is
substantially or nearly the same as the distance of the gap
defined between two adjacent light emission zones of dif-
ferent colors in the row direction. Each of the red, green and
blue light emission zones comprises a light emitting diode
device capable of emitting light in a respective color of red,
blue and green colors.

[0013] In a further aspect, the present invention relates to
a display panel capable of displaying a color image, com-
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prising a plurality of pixels formed in a matrix with a row
direction and a column direction. In one embodiment, each
pixel includes a first sub-pixel, a second sub-pixel and a
third sub-pixel; and a first light emission zone, a second light
emission zone and a third light emission zone arranged in a
triangle with the geometrical center of each emission zone
located at a respective vertex of the triangle such that one
side of the triangle is substantially parallel to one of the row
direction and the column direction, wherein each of the first
light emission zone, the second light emission zone and the
third light emission is capable of emitting light in a unique
color. In one embodiment, each of the first light emission
zone, the second light emission zone and the third light
emission zone comprises a corresponding one of a red light
emission zone, a green light emission zone and a blue light
emission zone.

[0014] As arranged in the plurality of pixels, any two
adjacent light emission zones of different colors in the row
direction define a gap having a distance, and any two
adjacent light emission zones of different colors in the
column direction define a gap having a distance that is
substantially or nearly the same as the distance of the gap
defined between two adjacent light emission zones of dif-
ferent colors in the row direction.

[0015] Inyet a further aspect, the present invention relates
to a three-color pixel element for a display. In one embodi-
ment, the three-color pixel element has a first sub-pixel, a
second sub-pixel and a third sub-pixel adjacently aligned in
a pixel of matrix with a row direction and a column
direction, and a first light emission zone, a second light
emission zone and a third light emission zone arranged in a
triangle with the geometrical center of each emission zone
located at a respective vertex of the triangle such that one
side of the triangle is substantially parallel to one of the row
direction and a column direction perpendicular to the row
direction, where any two adjacent light emission zones of
different colors in the row direction define a gap having a
first distance, and any two adjacent light emission zones of
different colors in the column direction define a gap having
a second distance, and wherein the first distance and the
second distance are substantially or nearly same. Each of the
first light emission zone, the second light emission zone and
the third light emission is capable of emitting light in a
unique color.

[0016] In one aspect, the present invention relates to a full
color display made from the three-color pixel element as
disclosed above.

[0017] These and other aspects of the present invention
will become apparent from the following description of the
preferred embodiment taken in conjunction with the follow-
ing drawings, although variations and modifications therein
may be affected without departing from the spirit and scope
of the novel concepts of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] The accompanying drawings illustrate one or more
embodiments of the invention and, together with the written
description, serve to explain the principles of the invention.
Wherever possible, the same reference numbers are used
throughout the drawings to refer to the same or like elements
of an embodiment, and wherein:
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[0019] FIGS. 1a-1¢ show schematically a unit of different
arrangements of the red, green and blue light emission zones
according to different embodiments of the present invention,
respectively.

[0020] FIGS. 2a-2d show schematically an arrangement of
red, green and blue light emission zones according to
different embodiments of the present invention, respec-
tively: FIG. 24, a unit of the arrangement, FIG. 2b, one
embodiment of the arrangement, FIG. 2¢, another embodi-
ment of the arrangement, and FIG. 2d, an extended portion
of the arrangement of FIG. 25.

[0021] FIGS. 3a-3d show schematically an arrangement of
red, green and blue light emission zones according to
different embodiments of the present invention, respec-
tively: FIG. 3a, a unit of the arrangement, FIG. 35, one
embodiment of the arrangement, FIG. 3¢, another embodi-
ment of the arrangement, and FIG. 34, an extended portion
of the arrangement of FIG. 35.

[0022] FIGS. 4a and 4b show two layouts of an arrange-
ment of the red, green and blue light emission zones
according to one embodiment of the present invention.
[0023] FIGS. 5a-5d show schematically an arrangement of
red, green and blue light emission zones according to
different embodiments of the present invention, respec-
tively: FIG. Sa, a unit of the arrangement, FIG. 54, one
embodiment of the arrangement, FIG. 5¢, another embodi-
ment of the arrangement, and FIG. 54, an extended portion
of the arrangement of FIG. 55.

[0024] FIGS. 6a and 65 show a conventional stripe
arrangement of the red, green and blue light emission zones
and an image of the arrangement in an OLED display panel,
respectively.

DETAILED DESCRIPTION OF THE
INVENTION

[0025] The present invention is more particularly
described in the following examples that are intended as
illustrative only since numerous modifications and varia-
tions therein will be apparent to those skilled in the art.
Various embodiments of the invention are now described in
detail. Referring to the drawings, like numbers indicate like
components throughout the views. As used in the description
herein and throughout the claims that follow, the meaning of
“a”, “an”, and “the” includes plural reference unless the
context clearly dictates otherwise. Also, as used in the
description herein and throughout the claims that follow, the
meaning of “in” includes “in” and “on” unless the context
clearly dictates otherwise.

[0026] The description will be made as to the embodi-
ments of the present invention in conjunction with the
accompanying drawings in FIGS. 1-5. In accordance with
the purposes of this invention, as embodied and broadly
described herein, this invention, in one aspect, relates to a
full color display panel with arrangements of sub-pixel
emission devices.

[0027] The full color display panel has a plurality of pixels
formed in a matrix with a row direction and a column
direction that is perpendicular to the row direction. Referring
to FIGS. 1a-1¢, each pixel 100 in the matrix of the plurality
of pixels includes a first sub-pixel 110, a second sub-pixel
120 and a third sub-pixel 130 that are adjacently aligned
along the row direction of the pixel matrix. Each sub-pixel
110, 120, or 130 is substantially identical to each other and
has a sub-pixel pitch, Px, in the row direction and a sub-pixel
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pitch, Py, in the column direction. Both the sub-pixel pitch
Px in the row direction and the sub-pixel pitch Py in the
column direction of a sub-pixel define an area of the
sub-pixel, i.e., (PxxPy).

[0028] Furthermore, each pixel 100 has a red light (sub-
pixel) emission zone 150, a green light (sub-pixel) emission
zone 160 and a blue light (sub-pixel) emission zone 170 that
are arranged in a triangle in which the geometrical center of
each emission zone 150, 160, or 170 is located at a respec-
tive vertex of the triangle. As such, one side of the triangle
is substantially parallel to the row direction or the column
direction. In one embodiment, the geometrical center R, G,
or B of each light emission zone 150, 160, or 170 is located
in a respective sub-pixel of the first, second and third
sub-pixels 110, 120, and 130 of the pixel 100, and the
emission zone in the second sub-pixel 120 is shifted by a
distance, Ly, from the emission zones in the first and third
emission zones 110 and 130 in the column direction, such
that the one side of the triangle formed by the emission
zones in the first and third emission zones 110 and 130 is
substantially parallel to the row direction. In addition, the
distance Lx between the two emission zones in the first and
third emission zones 110 and 130 in the row direction is
substantially or nearly the same as the distance Ly. For
example, as shown in FIG. 1a, the geometrical centers R, G
and B of the red, green and blue light emission zones 150,
160 and 170 are located in the first, second and third
sub-pixels 110, 120, and 130, respectively. The green light
emission zone 160 is shifted by the distance Ly from the red
and blue light emission zones 150 and 170 in the column
direction. In this arrangement, the side of the triangle formed
by the red and blue light emission zones 150 and 170 is
substantially parallel to the row direction, and the distance
Lx between the red and blue light emission zones 150 and
170 is same as or approximate to the distance Ly.

[0029] In another embodiment, the geometrical center of
one of the red, green and blue light emission zones 150, 160
and 170 is located in one of the first and third sub-pixel 110
and 130 of the pixel 100, and the geometrical centers of the
rest of the red, green and blue light emission zones 150, 160,
and 170 are located in the other of the first and third
sub-pixel 110 and 130 of the pixel 100, such that the one side
of the triangle is substantially parallel to the column direc-
tion. As shown in FIGS. 15, the geometrical center G of the
green light emission zone 160 is located in the first sub-pixel
110, and the geometrical centers R and B of the red light
emission zone 150 and the blue light emission zone 170 are
located in the third sub-pixel 130. While in FIG. 1c¢ the
geometrical center G of the green light emission zone 160 is
located in the third sub-pixel 130, and the geometrical
centers R and B of the red light emission zone 150 and the
blue light emission zone 170 are located in the first sub-pixel
110. In the arrangements of the red, green and blue light
emission zones 150, 160, and 170 shown in FIGS. 15 and 1¢,
the green light emission zone 160 is shifted by a distance,
Lx, from the red and blue light emission zones 150 and 170
in the row direction, and the side of the triangle formed by
the red light emission zone 150 and the blue light emission
zone 170 is substantially parallel to the column direction.
The distance Lx is same as or approximate to a distance, Ly,
defined between the red and blue light emission zones 150
and 170 in the column direction.

[0030] Each of the red, green, and blue light emission
zones 150, 160, and 170 may be formed in any geometrical



US 2008/0001525 Al

shape, such as square, rectangle, circle, triangle, trapezoid,
polygon, or any combinations thereof. Preferably, the red,
green and blue light emission zones 150, 160, and 170 have
a geometrical shape of a square and/or rectangle, as shown
in FIGS. 1a-1c¢. In general, each of the red, green, and blue
light emission zones 150, 160, and 170 can be characterized
with a width, Rx, Gx, or Bx, in the row direction and a
length, Ry, Gy, or By, in the column direction. The width and
the length, Rx and Ry, Gx and Gy, or Bx and By, of each of
the red, green and blue light emission zones 150, 160, and
170 can be different or substantially identical. Therefore, an
aperture ratio for each of the red, green, and blue light
emission zones 150, 160, and 170 is defined by (RxxRy)/
[(PxxPy)], (GxxGy)[(PxxPy)] or (BxxBy)/[(PxxPy)l,
where (RxxRy), (GxxGy), (BxxBy) and (PxxPy) are an area
of the red, green, and blue light emission zones 150, 160,
and 170 and a sub-pixel 110, 120, or 130, respectively.
Compared with the conventional arrangements of the sub-
pixel emission zones, the invented arrangements of the red,
green, and blue sub-pixel emission zones promise larger
aperture ratios, which are necessary for prolonging the life
time of a display panel. In addition, the arrangements also
ensure to reduce the level of difficulty in the manufacturing
process, and provide larger tolerance for preventing from
color mixing during the process of fabricating the full-color
OLED display panel.

[0031] Preferably, each of the red, green, and blue light
emission zones 150, 160, and 170 is corresponding to a light
emitting diode device capable of emitting light in a respec-
tive color of red, blue, and green colors. The light emitting
diode device may include an OLED device or a plurality of
OLED devices connected in series, where each OLED
device can be a top-emission OLED device or a bottom-
emission OLED device. Additionally, the OLED device may
have a normal structure or an inverted structure.

[0032] Without intent to limit the scope of the invention,
exemplary embodiments of the arrangements of the sub-
pixel emission devices in an OLED display panel are
described below.

[0033] FIG. 2b shows an embodiment of a color pixel
arrangement in an OLED display panel in which a unit of the
arrangement of the red, green and blue sub-pixel emission
devices 250, 260 and 270 shown in FIG. 24 (and also in FIG.
1a) is repeated for each pixel 201 in the pixel matrix. In the
arrangement 200 of FIG. 25, each of the red, green, and blue
sub-pixel emission devices 250, 260, and 270 has a geo-
metrical shape of square. Any two adjacent light emission
devices of different colors in the row direction define a gap
having a distance, e.g., the red and blue light emission
devices 250 and 270 of a pixel 201 are separated by a
distance, al, and the blue light emission device 270 of the
pixel 201 and the red light emission device 250 of the
adjacent pixel 201 in the row direction are separated by a
distance, b1, where b1 is equal or approximate to al. And
any two adjacent light emission zones of different colors in
the column direction define a gap having a distance. For
example, the red (blue) light emission device 250 (270) and
the green light emission device 260 of a pixel 201 are
separated by a distance, c1, and the green light emission
device 260 of the pixel 201 and the red (blue) light emission
device 250 (270) of the adjacent pixel 201 in the column
direction are separated by a distance, d1, that is equal or
approximate to cl. As shown in FIG. 25, al and/or bl are
substantially or nearly the same as ¢l and/or d1. FIG. 2d
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shows an extended portion of the pixel matrix of the color
pixel arrangement 200 shown in FIG. 254. The color pixel
arrangement 200 is corresponding to a stripe arrangement.
[0034] FIG. 2¢ shows an embodiment of a color pixel
arrangement 200A in an OLED display panel in which the
arrangement unit of the red, green, and blue sub-pixel
emission devices 250, 260, and 270 shown in FIG. 24 (and
also in FIG. 1a) is repeated for each pixel 201 in the pixel
matrix. But each of the red, green, and blue sub-pixel
emission devices 250, 260, and 270 in the embodiment has
a geometrical shape of rectangle. As shown in FIG. 2¢, in
this arrangement 200A, the width Rx (Bx) of the red (blue)
light emission device 250 (270) in the row direction is less
than the length Ry (By) of the red (blue) light emission
device 250 (270) in the column direction. While for the
green light emission device 260, the width Gx is greater than
the length Gy. Similarly, any two adjacent light emission
devices of different colors in the row direction define a gap
having a distance, such as a2 and b2 with a2=b2, any two
adjacent light emission zones of different colors in the
column direction define a gap having a distance, e.g., ¢2 and
d2 with ¢2=d2, as shown in FIG. 2¢. Preferably, a2 and b2
are substantially or nearly the same as c¢2 and d2.

[0035] In one embodiment, the gap distances, an, bn, cn,
dn, satisfy the relationships of 20 um =an, bn, cn, dn=60
um, and 0.2(an+bn+cn+dn)=an, bn, cn, dn=0.3(an+bn+cn+
dn), where n=1 or 2.

[0036] In practice, a driving circuit is required to indi-
vidually drive the red, green, and blue light emission devices
250, 260, and 270 of each of the plurality of pixels to emit
light of corresponding colors therefrom. The driving circuit
can be formed in a passive matrix addressing manner or an
active matrix addressing manner. The former is correspond-
ing to a passive matrix OLED device, while the latter an
active matrix OLED device.

[0037] Referring to FIGS. 35-3d, embodiments of a color
pixel arrangement in an OLED display panel in which a unit
of the arrangement of the red, green, and blue sub-pixel
emission devices 350, 360, and 370 shown in FIG. 3a (and
also in FIG. 1) is repeated for each pixel 301 in the pixel
matrix are shown. In the arrangements 300 and 300A shown
in FIGS. 35 and 3¢, respectively, each of the red, green, and
blue sub-pixel emission devices 350, 360, and 370 has a
geometrical shape of square (FIGS. 35) or rectangle (FIG.
3¢). The green light emission device 360 and the red (blue)
light emission device 350 (370) of a pixel 301 are separated
by a distance, a3 (FIG. 3b) or a4 (FIG. 3¢). While the red
(blue) light emission device 350 (370) of the pixel 301 and
the green light emission device 360 of the adjacent pixel 301
in the row direction are separated by a distance, b3 (FIG. 354)
or b4 (FIG. 3¢), where a3=b3 (FIG. 3) and ad=b4 (FIG. 3¢).
In the column direction, a distance, ¢3 (FIG. 35) or c4 (FIG.
3¢), between the red and blue light emission devices 350 and
370 of the pixel 301 and a distance, d3 (FIG. 3b) or d4 (FIG.
3¢), between the blue light emission device 370 of the pixel
301 and the red light emission device 350 of the adjacent
pixel 301 are also substantially or nearly same. Furthermore,
all the distances satisfy the relationship of a3=b3=c3=d3
(FIG. 3b) or ad=bd4=c4=d4 (FIG. 3¢). In one embodiment,
each of the distances an, bn, cn, dn is in a range of about
20-60 pum, and greater than 0.2(an+bn+cn+dn) but less than
0.3(an+bn+cn+dn), where n=3 or 4.

[0038] FIG. 3d shows an extended portion of the pixel
matrix of the color pixel arrangement 300 in the OLED
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display panel shown in FIG. 35. The color pixel arrangement
300 is also corresponding to a stripe arrangement.

TABLE 1

The aperture ratio and the alignment tolerance for the
conventional stripe format and the invented arrangement
of the red, green and blue sub-pixel devices.

Tolerance (um

Aperture ratio (%) X (in Y (in the
Green the row column

Pixel Format Red (B) (G) Blue (B) direction) direction)
Stripe 17.8 13.2 26 =15 =15
The invented 229 15.7 31.2 =17 +20
arrangement
shown in FIG. 4a
The invented 229 14.7 31.2 =17 =20
arrangement

shown in FIG. 4b

[0039] FIGS. 4a and 4b show two pixel layouts 400A and
400B of a 2.4" OLED display panel according to embodi-
ments of the present invention, respectively. In the pixel
layout 400A, a pixel unit 401A has a first sub-pixel 410A, a
second sub-pixel 420A, and a third sub-pixel 430A that are
aligned adjacently to each other. The pixel unit 401A also
includes a red OLED device R, a green OLED device G, and
a blue OLED device B arranged in a triangle such that the
OLED devices R, B and G are located in the sub-pixel 410A,
420A, and 430A, respectively. Similarly, in the pixel layout
400B, a pixel unit 401B has a first sub-pixel 410B, a second
sub-pixel 420B, and a third sub-pixel 430B aligned adja-
cently to each other, and a red OLED device R, a green
OLED device G, and a blue OLED device B arranged in a
triangle such that the OLED devices R, B and G are located
in the sub-pixel 410B, 420B, and 430B, respectively. The
aperture ratio and the alignment tolerance for the conven-
tional stripe format and the invented arrangement of the red,
green and blue sub-pixel devices are listed in Table 1. The
advantages of the present invention over the conventional
stripe format are clearly exhibited in the table. For example,
compared to the conventional stripe format, the alignment
tolerances in the invented pixel layouts 400A and 400B
increase about 2 pm in the row direction (X) and about 5 um
in the column direction (Y). The aperture ratio averagely
increases about 21%, therefore the lifetime of the display
panel would increase about 30% for the color pixel arrange-
ment of the present invention.

[0040] Referring now to FIGS. 5a-5d, alternative embodi-
ments of the color pixel arrangement according to the
present invention are shown. FIG. 5a shows an arrangement
unit 501 that is a combination of the arrangements of FIGS.
16 and 1¢. The arrangement unit 501 comprises two adjacent
pixels 501a and 5015 along the column direction. The red,
green, and blue light emission devices 550, 560, and 570 are
arranged in the triangle shown in FIG. 15 in pixel 501 a, and
in the triangle shown in FIG. 1c¢ in pixel 5015. By repeating
the arrangement unit 501 in every two adjacent pixels along
the column direction for each column of the pixel matrix, the
color pixel arrangements 500 and 500A in a full color OLED
display panel are implemented, which are shown in FIGS.
5b and 5¢, respectively. In the color pixel arrangements 500,
each of the red, green, and blue light emission devices 550,
560, and 570 has a geometrical shape of square, while it is
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geometrically a rectangle in the color pixel arrangements
500A. The geometrical shape of square or rectangle for each
of the red, green and blue light emission devices 550, 560,
and 570 can be substantially identical or different.

[0041] As shown in FIGS. 56 and 5¢, any two adjacent
light emission devices of different colors in the row direction
are separated by an approximately identical distance, e.g., a5
(a6) and b5 (b6) are the distances between the green and red
light emission devices 560 and 550, and the red and adjacent
green light emission devices 550 and 560, respectively, and
a5=b5 (FIG. 5b) and a6=b6 (FIG. 5¢). Any two adjacent
light emission devices of different colors in the column
direction are also separated by an approximately identical
distance, for example, the distances between the red and
blue light emission devices 550 and 570, and the blue and
green light emission devices 570 and 560 are c¢5 (c6) and d5
(d6), respectively, which c¢5=d5 (FIG. 5b) and c6=d6 (FIG.
5¢). Furthermore, the separated distances in the row and
column directions are also substantially or nearly same, i.e.,
aS=b5=c5=d5 (FIG. 5b) or a6=b6=c6=d6 (FIG. 5¢). In one
embodiment, 20 pum=an, bn, cn, dn=60 pum, and 0.2(an+
bn+cn+dn)=an, bn, cn, dn=0.3(an+bn+cn+dn), where n=5
or 6.

[0042] FIG. 5d shows an extended portion of the pixel
matrix 500 of the color pixel arrangement 500 in the OLED
display panel shown in FIG. 55. The color pixel arrangement
500 is corresponding to a delta arrangement format.
[0043] In the embodiments of the present invention as
disclosed above, the red, green and blue light emission
devices in an OLED display panel are arranged in a triangle
such that any two adjacent light emission zones of different
colors in the row direction define a gap having a first
distance, and any two adjacent light emission zones of
different colors in the column direction define a gap having
a second distance that is substantially or nearly the same as
the first distance. Such arrangement of the light emission
devices ensure to reduce the level of difficulty in the
manufacturing process, particularly in the shadow mask
process, a standard manufacturing process of OLED display
panels.

[0044] Another aspect of the present invention provides a
method for displaying a color image in a display panel. The
display panel is formed with a plurality of pixels in a matrix
along a row direction and a column direction, where each
pixel comprises a first sub-pixel, a second sub-pixel and a
third sub-pixel adjacently aligned along the row direction of
the pixel matrix, and a red light emission zone, a green light
emission zone, and a blue light emission zone. In one
embodiment, the method includes the step of arranging the
red, green, and blue light emission zones of a pixel in a
triangle with the geometrical center of each light emission
zone located at a respective vertex of the triangle such that
one side of the triangle is substantially parallel to one of the
row direction and the column direction, thereby in the
plurality of pixels, any two adjacent light emission zones of
different colors in the row direction define a gap having a
distance, and any two adjacent light emission zones of
different colors in the column direction define a gap having
a distance that is substantially or nearly the same as the
distance of the gap defined between two adjacent light
emission zones of different colors in the row direction.
[0045] While in the foregoing description of the exem-
plary embodiments of the invention, colors red, green and
blue have been chosen to describe various embodiments of
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the present invention as no limiting examples. The present
invention can be practiced with a first sub-pixel, a second
sub-pixel, a third sub-pixel, or a plurality of a light emission
zones, each having a color such as brown, yellow, pink,
violet, indigo, reddish orange, orange, cyan, salmon pink,
mauve, or the like to form a display panel the can display a
color image.

[0046] Thus, the foregoing description of the exemplary
embodiments of the invention has been presented only for
the purposes of illustration and description and is not
intended to be exhaustive or to limit the invention to the
precise forms disclosed. Many modifications and variations
are possible in light of the above teaching.

[0047] The embodiments were chosen and described in
order to explain the principles of the invention and their
practical application so as to enable others skilled in the art
to utilize the invention and various embodiments and with
various modifications as are suited to the particular use
contemplated. Alternative embodiments will become appar-
ent to those skilled in the art to which the present invention
pertains without departing from its spirit and scope. Accord-
ingly, the scope of the present invention is defined by the
appended claims rather than the foregoing description and
the exemplary embodiments described therein.

What is claimed is:

1. A display panel capable of displaying a color image,
comprising a plurality of pixels formed in a matrix with a
row direction and a column direction, each pixel compris-
ing:

a. a first sub-pixel, a second sub-pixel and a third sub-
pixel adjacently aligned along the row direction of the
matrix; and

b. a first light emission zone, a second light emission zone
and a third light emission zone arranged in a triangle
with the geometrical center of each emission zone
located at a respective vertex of the triangle such that
one side of the triangle is substantially parallel to one
of the row direction and the column direction, wherein
each of the first light emission zone, the second light
emission zone and the third light emission is capable of
emitting light in a unique color,

wherein as arranged in the plurality of pixels, any two
adjacent light emission zones of different colors in the row
direction define a gap having a distance, and any two
adjacent light emission zones of different colors in the
column direction define a gap having a distance that is
substantially or nearly the same as the distance of the gap
defined between two adjacent light emission zones of dif-
ferent colors in the row direction.

2. The display panel of claim 1, wherein each of the first
light emission zone, the second light emission zone and the
third light emission zone comprises a corresponding one of
a red light emission zone, a green light emission zone and a
blue light emission zone.

3. The display panel of claim 2, wherein the geometrical
center of each of the red, green and blue light emission zones
is located in a corresponding sub-pixel of the first, second
and third sub-pixels, and of the pixel, respectively, such that
the one side of the triangle is substantially parallel to the row
direction.

4. The display panel of claim 2, wherein the geometrical
center of one of the red, green and blue light emission zones
is located in one of the first and third sub-pixels of the pixel,
and the geometrical centers of the rest of the red, green and
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blue light emission zones are located in the other of the first
and third sub-pixels of the pixel, respectively, such that the
one side of the triangle is substantially parallel to the column
direction.

5. The display panel of claim 2, wherein each of the red,
green and blue light emission zones has a width in the row
direction and a length in the column direction.

6. The display panel of claim 5, wherein the width and the
length of each of the red, green and blue light emission zones
are different or substantially identical.

7. The display panel of claim 2, wherein each of the red,
green and blue light emission zones comprises a light
emitting diode device capable of emitting light in a respec-
tive color of red, blue and green colors.

8. The display panel of claim 7, wherein the light emitting
diode device comprises an organic light emitting diode
(OLED) device or a plurality of OLED devices connected in
series.

9. The display panel of claim 8, wherein each OLED
device comprises one of a top-emission OLED device and a
bottom-emission OLED device.

10. The display panel of claim 8, wherein each OLED
device has one of a normal structure and an inverted
structure.

11. The display panel of claim 8, further comprising a
driving circuit to individually drive the red, green and blue
light emission zones of each of the plurality of pixels to emit
light of corresponding colors therefrom.

12. The display panel of claim 11, wherein the driving
circuit is formed such that the display panel corresponds to
one of a passive matrix OLED device and an active matrix
OLED device.

13. A display panel capable of displaying a color image,
formed with a plurality of pixels in a matrix with a row
direction and a column direction, wherein each pixel com-
prises a first sub-pixel, a second sub-pixel and a third
sub-pixel adjacently aligned along the row direction of the
matrix, and a red light emission zone, a green light emission
zone and a blue light emission zone, comprising:

an arrangement of the red, green and blue light emission

zones of a pixel in a triangle with the geometrical center
of each emission zone located at a respective vertex of
the triangle such that one side of the triangle is sub-
stantially parallel to one of the row direction and the
column direction, thereby in the plurality of pixels, any
two adjacent light emission zones of different colors in
the row direction define a gap having a distance, and
any two adjacent light emission zones of different
colors in the column direction define a gap having a
distance that is substantially or nearly the same as the
distance of the gap defined between two adjacent light
emission zones of different colors in the row direction.

14. The display panel of claim 13, wherein the geometri-
cal center of each of the red, green and blue light emission
zones is located in a corresponding sub-pixel of the first,
second and third sub-pixels, and of the pixel, respectively,
such that the one side of the triangle is substantially parallel
to the row direction.

15. The display panel of claim 13, wherein the geometri-
cal center of one of the red, green and blue light emission
zones is located in one of the first and third sub-pixels of the
pixel, and the geometrical centers of the rest of the red, green
and blue light emission zones are located in the other of the
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first and third sub-pixels of the pixel, respectively, such that
the one side of the triangle is substantially parallel to the
column direction.

16. The display panel of claim 13, wherein each of the red,
green and blue light emission zones has a width in the row
direction and a length in the column direction.

17. The display panel of claim 16, wherein the width and
the length of each of the red, green and blue light emission
zones are different or substantially identical.

18. The display panel of claim 13, wherein each of the red,
green and blue light emission zones comprises a light
emitting diode device capable of emitting light in a respec-
tive color of red, blue and green colors.

19. The display panel of claim 18, wherein the light
emitting diode device comprises an organic light emitting
diode (OLED) device or a plurality of OLED devices
connected in series.

20. The display panel of claim 19, wherein each OLED
device comprises one of a top-emission OLED device and a
bottom-emission OLED device.

21. The display panel of claim 19, wherein each OLED
device has one of a normal structure and an inverted
structure.

22. A method for forming a display panel for displaying
a color image, wherein the display panel has a plurality of
pixels in a matrix with a row direction and a column
direction, and wherein each pixel comprises a first sub-pixel,
a second sub-pixel and a third sub-pixel adjacently aligned
along the row direction of the matrix, and a red light
emission zone, a green light emission zone and a blue light
emission zone, comprising the step of:

arranging the red, green and blue light emission zones of

a pixel in a triangle with the geometrical center of each
light emission zone located at a respective vertex of the
triangle such that one side of the triangle is substan-
tially parallel to one of the row direction and the
column direction, thereby in the matrix of the plurality
of pixels, any two adjacent light emission zones of
different colors in the row direction define a gap having
a distance, and any two adjacent light emission zones
of different colors in the column direction define a gap
having a distance that is substantially or nearly the
same as the distance of the gap defined between two
adjacent light emission zones of different colors in the
row direction.

23. The method of claim 22, wherein the geometrical
center of each of the red, green and blue light emission zones
is located in a corresponding sub-pixel of the first, second
and third sub-pixels, and of the pixel, respectively, such that
the one side of the triangle is substantially parallel to the row
direction.

24. The method of claim 22, wherein the geometrical
center of one of the red, green and blue light emission zones
is located in one of the first and third sub-pixels of the pixel,
and the geometrical centers of the rest of the red, green and
blue light emission zones are located in the other of the first
and third sub-pixels of the pixel, respectively, such that the
one side of the triangle is substantially parallel to the column
direction.
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25. The method of claim 22, wherein each of the red,
green and blue light emission zones comprises a light
emitting diode device capable of emitting light in a respec-
tive color of red, blue and green colors.

26. The method of claim 25, wherein the light emitting
diode device comprises an organic light emitting diode
(OLED) device or a plurality of OLED devices connected in
series.

27. A display panel capable of displaying a color image,
comprising a plurality of pixels formed in a matrix with a
row direction and a column direction, each pixel compris-
ing:

a. a first sub-pixel, a second sub-pixel and a third sub-

pixel; and

b. a first light emission zone, a second light emission zone
and a third light emission zone arranged in a triangle
with the geometrical center of each emission zone
located at a respective vertex of the triangle such that
one side of the triangle is substantially parallel to one
of the row direction and the column direction, wherein
each of the first light emission zone, the second light
emission zone and the third light emission is capable of
emitting light in a unique color,

wherein as arranged in the plurality of pixels, any two
adjacent light emission zones of different colors in the row
direction define a gap having a distance, and any two
adjacent light emission zones of different colors in the
column direction define a gap having a distance that is
substantially or nearly the same as the distance of the gap
defined between two adjacent light emission zones of dif-
ferent colors in the row direction.

28. The display panel of claim 27, wherein each of the first
light emission zone, the second light emission zone and the
third light emission zone comprises a corresponding one of
a red light emission zone, a green light emission zone and a
blue light emission zone.

29. A three-color pixel element for a display, comprising:

a. a first sub-pixel, a second sub-pixel and a third sub-
pixel adjacently aligned in a pixel of a matrix with a
row direction and a column direction;

b. a first light emission zone, a second light emission zone
and a third light emission zone arranged in a triangle
with the geometrical center of each emission zone
located at a respective vertex of the triangle such that
one side of the triangle is substantially parallel to one
of the row direction and a column direction perpen-
dicular to the row direction, wherein each of the first
light emission zone, the second light emission zone and
the third light emission is capable of emitting light in a
unique color,

wherein any two adjacent light emission zones of different
colors in the row direction define a gap having a first
distance, and any two adjacent light emission zones of
different colors in the column direction define a gap having
a second distance, and wherein the first distance and the
second distance are substantially or nearly same.

30. A full color display made from the three-color pixel
element of claim 29.



L FIE (D) 2 ¥ BOLEDMN K BB E S

K (BE)S US20080001525A1 KI(nE)A
RiES US11/478921 RiEHR
FRIRE(FRR)AE) REXBRBBERLA

BRiE (TR A(F) RixfBRHOERAA

HERE(ERAE) EXBROBRLE

[#R1 &% BB A CHAO CHING IAN
WU YUAN CHUN

KA CHAO, CHING-IAN
WU, YUAN-CHUN

IPCH & H05B33/00 HO1L51/50

(@]
T
O
&
e
djo

H\EREERE

E)

—MEOERER , BAEREEENSMEE | FREREETHEH
SifE , R SMEGERTAOESHINE—FRE  E=F6 301
ENE=FHRE. BZEM AKX, FEAXAXNEELR KK,
- T  FeErERaSE-ARGENLIE FKeNEeX
KRB, BNEHKBOLAH M T =ARNAERTLAL , 301
B=ARN—MEALZTTIHEAMIEEATH -, NAESME
L 75 LT R @ AR ANEAR K K X5 R E S A I Y
B, F¥EEARMIBHERRETEFISE EWHERETEER , iz O
BRGEEEA LR FS5THE EFEREHFH MBS R XX E 2 E
BR X B9 18] BA i BE RS AH .o

ELY

HO1L27/3218 HO1L27/3211 HO1L27/3216

Espacenet USPTO

301
§

301

2008-01-03

2006-06-30

301

patsnap

301

= o Rl

B!

B

Lo

a

B B

B

0]

B

301

B o S . |

o oo e aE B

— B

O HOD BE BE |

— B

H B HH B

B
EEBE B E -

300


https://share-analytics.zhihuiya.com/view/8943a077-9d1c-491c-9638-989682dffeff
https://worldwide.espacenet.com/patent/search/family/038782948/publication/US2008001525A1?q=US2008001525A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220080001525%22.PGNR.&OS=DN/20080001525&RS=DN/20080001525

