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7) ABSTRACT

A full-color display panel is provided comprising a repeating
super-pixel block including four pixel units, wherein each of
the pixel units has a first sub-pixel configured to emit a first
color light, a second sub-pixel configured to emit a second
color light, and a third sub-pixel configured to emit a third
color light. The first or second sub-pixel abuts the same-
color sub-pixel of the adjacent pixel unit thereof to form at
least a double-sized sub-pixel area. The third sub-pixel abuts
the same-color sub-pixel of all adjacent pixel units thereof to
form at least a quadruple-sized sub-pixel area. The first color
light, the second color light, and the third color light are one
of emitted through or from respective organic layers of the
first color sub-pixel, the second color sub-pixel and the third
color sub-pixel.
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FIG. 3B
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FIG. 5A
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FIG. 5B
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FIG. 5C
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ARRANGEMENT OF COLOR SUB-PIXELS
FOR FULL COLOR OLED AND METHOD OF
MANUFACTURING SAME

FIELD OF THE INVENTION

[0001] The present invention relates generally to organic
light-emitting diode (OLED) display devices and, more
particularly, to an improved arrangement of color sub-pixels
within a full color OLED display device and method of
manufacturing same.

BACKGROUND OF THE INVENTION

[0002] OLED display technology has the benefit of a wide
operating temperature range, low power consumption, wide
viewing angle, high contrast and fast response time making
it the best choice for high-resolution displays. While the
demand for OLED displays continues to increase, the tech-
nology still remains expensive to produce and lacks in
overall resolution and performance quality.

[0003] Traditional OLED displays include a stack of thin
layers formed on a substrate. A light-emitting layer of a
luminescent organic solid, as well as adjacent semiconduc-
tor layers, is sandwiched between a cathode and an anode.
The light-emitting layer may be selected from any of a
multitude of fluorescent and phosphorescent organic solids.
Any of the layers, and particularly the light-emitting layer,
also referred to herein as the emissive layer or the organic
emissive layer, may consist of multiple sublayers. In an
active-matrix organic light-emitting diode the cathode may
include an electrode having low work function, and the
anode may include an electrode having high work function.
Either anode or cathode may be transparent depending on
whether a top or bottom emitting architecture is used.
[0004] In a conventional OLED device, when an electric
current is applied across the device negatively charged
electrons move into the organic material(s) from the cath-
ode. Positive charges, typically referred to as holes, move
into the organic material(s) from the anode. The positive and
negative charges meet in the center layers (i.e., the semi-
conducting organic material), combine, and produce pho-
tons. The wavelength, and consequently the color, of the
photons depends on the electronic properties of the organic
material in which the photons are generated. Pixel drivers
can be configured as either current sources or voltage
sources to control the amount of light generated by the
OLEDs in an AMOLED display.

[0005] The color of light emitted from the organic light-
emitting device can be controlled by the selection of the
organic material. Generating red, green and blue light simul-
taneously may produce white light. Other individual colors,
different than red, green and blue, can be also used to
produce in combination a white spectrum. The precise color
of light emitted by a particular structure can be controlled
both by selection of the organic material, as well as by
selection of dopants in the organic emissive layers. Alter-
natively, filters of red, green or blue, or other colors, may be
added on top of a white light-emitting pixel. In other
examples, white light emitting OLED pixels may be used in
monochromatic displays.

[0006] High-resolution active matrix displays may include
millions of pixels and sub-pixels that are individually
addressed by the drive electronics. Each sub-pixel can have
several semiconductor transistors and other IC components.
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Bach OLED may correspond to a pixel or a sub-pixel.
Generally, however, an OLED display consists of many
OLED pixels, and each OLED pixel may have three sub-
pixels associated with it, in which each sub-pixel may
include red, green and blue color OLEDs or may emit white
light, which be filtered to either red, green or blue. In order
to obtain higher pixel density, the arrangement of sub-pixels
must be more compact, thereby increasing the manufactur-
ing burden and expense.

[0007] Traditionally, full-color OLED display panels
include sub-pixel regions generally arranged in stripe form,
mosaic form, or delta form. FIG. 1A depicts a conventional
stripe OLED array as used in a variety of OLED display
products. In particular, FIG. 1A illustrates a pixel device 100
in matrix form, which is composed of red, green, and blue
sub-pixel regions 102, 104, 106. The sub-pixel regions 102,
104, and 106 are arranged in rows on a substrate. The pixel
group comprised of sub-pixel regions 102, 104, and 106 is
repeated identically along the rows and columns. While this
is the most simplified arrangement for manufacturing and
circuit design purposes, it provides the poorest color mixing
effect.

[0008] FIG. 1B depicts a conventional mosaic OLED
array, in which the pixel group formed from red, green, and
blue sub-pixel regions 102, 104, and 106 is repeated iden-
tically along the rows and in which pixel groups between
rows are separated by the width of one sub-pixel region.
Using this sub-pixel arrangement, the color mixing effect is
improved. However, the circuit design and driving method
remain complicated.

[0009] FIG. 1C depicts a conventional delta OLED array,
in which the pixel group formed from red, green, and blue
sub-pixel regions is repeated identically along the rows and
in which pixel groups between rows are separated by the
width of 1.5 sub-pixel regions. Using this sub-pixel arrange-
ment, the color mixing effect is still further improved.
However, the circuit design and manufacturing process
remain complicated.

[0010] Recent improvements to sub-pixel arrangements
include PenTile® matrix which is a family of patented
sub-pixel schemes specifically designed to operate with
proprietary algorithms for sub-pixel rendering embedded in
the driver, allowing for easy compatibility with RGB stripe
panels. More particularly, PenTile® red, green, blue, green
(RGBG) layout has been used in active-matrix organic
light-emitting diode (AMOLED) displays whereby green
pixels are interleaved with alternating red and blue pixels.
FIG. 1D depicts a conventional Pentile Matrix®, a regis-
tered trademark owned by Samsung, which provides good
display performance with a reduction in pixel element count.
[0011] Regardless of the arrangement of sub-pixels used to
achieve the full color display, the resolution is determined by
the manufacturing process of the sub-pixel regions. A
shadow mask, also referred to as a metal mask, alignment
method is traditionally used to form the individual RGB
color sub-pixels within a full-color OLED display, when the
color sub-pixels are arranged in side-by-side format. As
such, the resolution of the OLED display panel is deter-
mined based upon the opening dimensions of the mask and
fine etching capabilities.

[0012] As can now be appreciated, there exists a need to
provide a full color OLED display panel, in which each of
the sub-pixels groups are designed in a specific arrangement
and can cure some of the deficiencies in the prior art.
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[0013] Tt is a primary object of the present invention to
provide an OLED display, which utilizes a new OLED
architecture with an efficient pixel arrangement manufac-
tured using a shadow mask. The resulting OLED display is
a small area display, which measures approximately 1 to 3
inches per side and is ideal for, amongst other things,
high-resolution displays in demand for virtual reality head-
sets.

SUMMARY OF THE INVENTION

[0014] The present invention cures some of the deficien-
cies in the prior art by providing a full color OLED display,
which utilizes a new OLED architecture with an efficient
pixel arrangement manufactured using a shadow mask.
[0015] In accordance with an illustrative embodiment of
the present invention, a full-color display panel is provided
including a substrate, and a plurality of pixel units formed on
the substrate, wherein each pixel unit includes at least three
sub-pixels each configured to emit colored light in the pixel
unit. Four pixel units are arranged in a two by two block to
form a super-pixel, such that each pixel unit is rotated to
define a mirror image arrangement within the super-pixel
block. At least one sub-pixel abuts the same color sub-pixel
of both the vertically and horizontally adjacent pixel units to
form a quadruple-sized sub-pixel group.

[0016] Each sub-pixel of the full-color display panel has
an area. The colors of the sub-pixels of each pixel unit may
be red, green, and blue. The blue sub-pixel area may be
double the red or green sub-pixel area within each pixel unit.
The super-pixel blocks may be arranged on the substrate
such that at least two sub-pixel groups are at least quadruple
the size of the respective sub-pixel area. The plurality of
super-pixel blocks may be arranged on the substrate such
that at least one sub-pixel group is at least octuple the size
of the respective sub-pixel area.

[0017] In accordance with another illustrative embodi-
ment of the present invention, a display panel comprising a
super-pixel repeating block is provided including four pixel
units, wherein each of the pixel units includes a first sub-
pixel configured to emit a first color light, a second sub-pixel
configured to emit a second color light, and a third sub-pixel
configured to emit a third color light. The first or second
sub-pixel abuts the same-color sub-pixel of the adjacent
pixel unit thereof to form at least a double-sized sub-pixel
area. The third sub-pixel abuts the same-color sub-pixel of
all adjacent pixel units thereof to form at least a quadruple-
sized sub-pixel area. The first color light, the second color
light and the third color light are one of emitted through or
from respective organic layers of the first color sub-pixel,
the second color sub-pixel and the third color sub-pixel.
[0018] The first, second, and third color light may be one
of red, green, or blue light. Each of the pixel units may be
square. At least one of the sub-pixels may be square. At least
one of the sub-pixels may be rectangular. The display panel
may be an organic light emitting display panel.

[0019] In accordance with another illustrative embodi-
ment of the present invention, a method of manufacturing a
display panel is provided. The method includes providing a
substrate and simultaneously providing a plurality of first
sub-pixels of the display panel, wherein each of the first
sub-pixels emits a first light, simultaneously providing a
plurality of second sub-pixels of the display panel, wherein
each of the second sub-pixels emits a second light, and
simultaneously providing a plurality of third sub-pixels of
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the display panel, wherein each of the third sub-pixels emits
a third light. The display panel includes a plurality of pixel
units, each of the pixel units having first, second and third
sub-pixels, wherein four pixel units are arranged in a two by
two block to define a super-pixel block, such that each pixel
unit is rotated to define a mirror image arrangement within
the super-pixel block. The super-pixel block is repeatedly
formed on the substrate such that repeating sub-pixel blocks
form sub-pixel groups with adjacent sub-pixels having the
same color.

[0020] The method may include simultaneously providing
the first, second and third sub-pixels includes using a
shadow mask or fine metal mask. The method may include
each of the pixel units being square. At least one of the
sub-pixels may be square. The method may include at least
one of the sub-pixels being rectangular. The method may
include an area of the first and second sub-pixels being
substantially equal to an area of the third sub-pixel. The
method may include the first, second, and third color sub-
pixels being organic layers.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] To these and to such other objects that may bere-
inafter appear, the present invention relates to an improved
arrangement of color sub-pixels within a full color OLED
display device and method of manufacturing same as
described in detail in the following specification and recited
in the annexed claims, taken together with the accompany-
ing drawings, in which like numerals refer to like parts in
which:

[0022] FIGS. 1A is a schematic view of a sub-pixel
arrangement in stripe form in a prior full-color display
panel;

[0023] FIGS. 1B is a schematic view of a sub-pixel
arrangement in mosaic form in a prior full-color display
panel;

[0024] FIG. 1C is a schematic view of a sub-pixel arrange-
ment in delta form in a prior full-color display panel;
[0025] FIG. 1D is a schematic view of a sub-pixel arrange-
ment in Pentile Matrix® form in a prior full-color display
panel;

[0026] FIG. 2A is a schematic view of a single sub-pixel
unit in a full-color display panel in accordance with an
illustrative embodiment of the present invention;

[0027] FIG. 2B is a schematic view of an alternate
arrangement of a single sub-pixel unit in a full-color display
panel in accordance with an illustrative embodiment of the
present invention;

[0028] FIG. 3Ais a schematic view of a super-pixel block
in a full-color display panel in accordance with an illustra-
tive embodiment of the present invention;

[0029] FIG. 3B is a schematic view of an alternate
arrangement of a super-pixel block in a full-color display
panel in accordance with an illustrative embodiment of the
present invention;

[0030] FIG. 4 is a schematic view of a sub-pixel arrange-
ment in a full-color display panel with the repeating super-
pixel block of FIG. 3A in accordance with an illustrative
embodiment of the present invention;

[0031] FIG. 5A is a top view of a shadow mask used for
forming the first sub-pixel element in a full-color display
panel in accordance with an illustrative embodiment of the
present invention;
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[0032] FIG. 5B is a top view of a shadow mask used for
forming the second sub-pixel element in a full-color display
panel in accordance with an illustrative embodiment of the
present invention

[0033] FIG. 5C is a top view of a shadow mask used for
forming a first group of the third sub-pixel element in a
full-color display panel in accordance with an illustrative
embodiment of the present invention; and

[0034] FIG. 5D is a top view of a shadow mask used for
forming a second group of the third sub-pixel element in a
full-color display panel in accordance with an illustrative
embodiment of the present invention.

DETAILED DESCRIPTION

[0035] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numerals are used in the
drawings and the description to refer to the same or like
parts.

[0036] In accordance with the present invention shown in
FIG. 4, the full-color organic light-emitting diode (OLED)
display panel includes a plurality of pixel units arranged on
a substrate to define a display frame. In the display panel,
each pixel unit includes a plurality of sub-pixels designed in
a specific arrangement so as to increase the area of the mask
openings in the manufacturing process and reduce the risk of
inaccuracies. The specific arrangement of sub-pixels is also
designed so as to support mask openings in the manufac-
turing process that enable color sub-pixels with no gap
between them to eliminate any screen-door artifacts.
[0037] FIG. 2A illustrates a plan view of a pixel unit or
array 200 in accordance with the OLED display panel of the
present invention. The pixel unit 200 includes a plurality of
sub-pixel elements each configured to emit light. Preferably,
the sub-pixel elements are organic light-emitting diodes,
wherein the first sub-pixel emits a first color light, the
second sub-pixel emits a second color light, and the third
sub-pixel emits a third color light. In the preferred embodi-
ment, the first OLED sub-pixel is a red (R) sub-pixel 204,
the second OLED sub-pixel is a green (G) sub-pixel 206,
and the third OLED sub-pixel is a blue (B) sub-pixel 208,
which emit red, green and blue light respectively, and which
define a gamut of the display device. The commonly used
red, green, and blue (RGB) OLED sub-pixels are described
as an example of the three OLED sub-pixels. In other
embodiments, OLED sub-pixels of other three colors may
be used, or alternatively a white (W) OLED sub-pixel or a
yellow (Y) OLED sub-pixel may be selected as one or more
of the OLED sub-pixels. FIG. 2B illustrates a plan view of
an alternate pixel unit 201 having an alternate arrangement
of RGB OLED sub-pixels configured to emit light.

[0038] The red sub-pixel 204 and the green sub-pixel 206
form the column row of the pixel unit 200. The blue
sub-pixel 208 forms the second column of the pixel unit 200
and is approximately equal in area to the combined red and
green sub-pixels 204 and 206. In general, the blue sub-pixel
in a conventional organic light emitting display device has
the shortest life. Therefore, the blue sub-pixel 208 has the
largest area in order improve the life expectancy. The
arrangement of sub-pixels in other pixel units is identical to
that in pixel unit 200. It should be understood that the blocks
are shown herein as squares for illustrative purposes and are
not to be limited to square, diamond, polygonal, or circular.
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[0039] FIG. 3A illustrates a plan view of a super-pixel
block 300 (circled by the black dotted bold line) in accor-
dance with the illustrative embodiment of the present inven-
tion. The super-pixel block 300 includes four pixel units 200
(circled by the solid black lines) arranged in the 2x2
super-pixel block 300, wherein the first pixel unit 200A is
arranged in a first position, the second pixel unit 200B is
arranged in a second position, the third pixel unit 200C is
arranged in a third position, and the fourth pixel unit 200D
is arranged a fourth position. In the preferred embodiment,
the pixel units 200 are orientated in position such that the
blue sub-pixels 208 of each pixel unit 200A, 200B, 200C,
and 200D are disposed in the center of the super-pixel block
300. The green sub-pixels 206 of each pixel unit 200 within
the super-pixel block 300 are arranged in each of the corners.
The red sub-pixels 204 of the first and fourth pixel unit 200A
and 200D respectively, are positioned adjacent one another
in a first column 310, while the red sub-pixels 204 of the
second and third pixel unit 200B and 200C, respectively, are
positioned adjacent one another in a fourth column 320.
FIG. 3B illustrates a plan view of an alternate super-pixel
block 301 having an arrangement of pixel units from FIG.
2B. In this alternate arrangement, the pixel units 201 are
orientated in position such that the red sub-pixels 204 of
each pixel unit are disposed in the center of the super-pixel
block 300.

[0040] FIG. 4 illustrates a sub-pixel arrangement in a
full-color display panel in accordance with an illustrative
embodiment of the present invention. It should be noted that
lines and hatching within each sub-pixel block to denote like
colors has been omitted for simplicity. The super-pixel block
300 (circled by various dotted and dashed black lines) is
repeated in order to form a mosaic of pixel units 200. In this
embodiment, a plurality of sub-pixel blocks are arranged
adjacent one another such that sub-pixels of the first sub-
pixel block 402 and sub-pixels of several adjacent sub-pixel
block 404, 406, 408, 410 are adjacent and have the same
color. In this arrangement, four red sub-pixels 413, 414, 416,
418 are adjacent and have the same color, four green
sub-pixels 420, 422, 424, 426 are adjacent and have the
same color, and four blue sub-pixels 428, 430, 432, 434 are
adjacent and have the same color. Consequently, the four red
sub-pixels 413, 414, 416, 418 in adjacent sub-pixel blocks
402 and 404 form a red sub-pixel group 450. The red
sub-pixel group 450 is four times, quadruple, the area of a
single red sub-pixel since it is formed by four adjacent
sub-pixels 413, 414, 416, 418. The four green sub-pixels
420, 422, 424, 426 in adjacent sub-pixel blocks 402, 404,
406, and 408 form a green sub-pixel group 460. The green
sub-pixel group 460 is four times, quadruple, the area of a
single green sub-pixel since it is formed by four adjacent
sub-pixels 420, 422, 424, 426. The blue sub-pixels 428 and
430 form a blue sub-pixel group whose total area is the same
as the red sub-pixel group 450. It is also the same area as the
green sub-pixel group 460. Because these sub-pixel groups
are all equal in size they can be formed by using a metal
shadow mask with the same size openings. In the preferred
embodiment, a single metal mask can be used to manufac-
ture each of the three colors by simply shifting it to the
corresponding position required for the deposition of the
specific color.

[0041] It is to be understood that the colors of adjacent
sub-pixels of adjacent sub-pixel blocks are identical, and
that adjacent sub-pixels with the same color in adjacent
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sub-pixel blocks form a sub-pixel group so that the area of
the sub-pixel group is larger than the area of a single
sub-pixel.
[0042] FIGS. SA-5C illustrate the preferred manufactur-
ing method using a single shadow mask to deposit all three
colors in sequence. The mask has openings that are four
times the size of a color sub-pixel to achieve a higher
resolution with the same manufacturing process. FIG. 5A
shows the shadow mask with openings (shown by the black
bold line) positioned for the red sub-pixel group. The
openings form a square array with metal shown as shaded
area. The mask requires metal strips in both the horizontal
and vertical directions located between openings for struc-
tural support. FIG. 5B shows the same shadow mask shifted
over the green sub-pixel group for deposition of the green
OLED material. FIG. 5C shows the shadow mask shifted
over the first group of blue sub-pixels, and FIG. 5D shows
the mask over the second group of blue sub-pixels. In this
way a single shadow mask can be used to manufacture all
three colors. The shadow mask has good structural support
due to the metal between openings running in both horizon-
tal and vertical directions which is important in the manu-
facturing process. The mask must remain flat and at a
constant distance from the substrate across its entire area. An
additional benefit of this arrangement of sub-pixels is that
the shadow mask can be used to produce color sub-pixels
with nearly zero gaps between different color groups. This
helps to avoid the screen door effect at shown in FIG. 1D.
[0043] It is to be understood that the disclosure describes
a few embodiments and that many variations of the inven-
tion can easily be devised by those skilled in the art after
reading this disclosure and that the scope of the present
invention is to be determined by the following claims.

What is claimed is:

1-12. (canceled)

13. A method of manufacturing a display panel, the
method comprising:
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providing a substrate;

simultaneously providing a plurality of first sub-pixels of
the display panel, wherein each of the first sub-pixels
emits a first light;

simultaneously providing a plurality of second sub-pixels

of the display panel. wherein each of the second
sub-pixels emits a second light; and

simultaneously providing a plurality of third sub-pixels of

the display panel, wherein each of the third sub-pixels
emits a third light,
wherein the display panel comprises a plurality of pixel
units, each of the pixel units having first, second and
third sub-pixels, wherein four pixel units are arranged
in a two by two block to define a super-pixel block,
such that each pixel unit is rotated to define a mirror
image arrangement within the super-pixel block,

wherein the super-pixel block is repeatedly formed on the
substrate such that repeating sub-pixel blocks form
sub-pixel groups with adjacent sub-pixels having the
same color.

14. The method of claim 13 wherein simultaneously
providing the first, second and third sub-pixels includes
using a shadow mask or fine metal mask.

15. The method of claim 13 wherein each of the pixel
units is square.

16. The method of claim 13 wherein at least one of the
sub-pixels is square.

17. The method of claim 13 wherein at least one of the
sub-pixels is rectangular.

18. The method of claim 13 wherein an area of the first
and second sub-pixels are substantially equal to an area of
the third sub-pixel.

19. The method of claim 13 wherein the first, second, and
third color sub-pixels include organic layers.
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