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(57) ABSTRACT

A display includes a substrate; an electrode layer formed on
the substrate and having an electrode pattern; and an organic
material layer formed on the electrode layer, wherein a plu-
rality of pixel units are configured by the combination of the
electrode pattern and the organic material layer. At least one
of pixel units includes plural different colored sub-pixels
arranged in delta. In one embodiment, the same colored sub-
pixels of adjacent pixel units are arranged in delta. In another
embodiment, the same colored sub-pixels of adjacent pixel
units are arranged as a stripe. According to the embodiment,
an opening of the shadow mask is corresponding to at least
three sub-pixels with same color when the material is evapo-
rated through the shadow mask.
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ORGANIC ELECTROLUMINESENCE
DISPLAY

[0001] This application claims the benefit of Taiwan appli-
cation Serial No. 102125978, filed Jul. 19, 2013, the subject
matter of which is incorporated herein by reference.

BACKGROUND
[0002] 1. Technical Field
[0003] The disclosed embodiments relate in general to a

display, and more particularly to a high resolution organic
electroluminesence display (OLED).

[0004] 2. Description of the Related Art

[0005] Incomparison to the conventional cathode-ray tube
display device, the flat panel display device, such as the liquid
crystal display device (LCD), the plasma display device
(PDP) and the organic electroluminescent display (OELD)
device), are lighter, slimmer and compacter, and has become
the mainstream product. The OELD device, in particular, has
advantages of light weight, flexibility, easy to carry (portabil-
ity), full color, high brightness, lower power consumption,
wider viewing angle and faster response time.

[0006] Generally, there are two main classes of organic
light emitting materials of organic electroluminescent dis-
play, including small-molecule based light emitting diodes
(OLEDs) and polymer light emitting diodes (PLEDs).
Although both classes of materials have conjugated chemical
structures and high luminescent efficiencies, the differences
of molecular weights thereof is huge. Organic molecules of
the small-molecule based light emitting diodes (OLEDs)
have low molecular weight of about couple hundreds, while
organic molecules of the polymer light emitting diodes
(PLEDs) have extremely high molecular weight of about ten
thousands to couple millions. Also, in the fabrication of the
light emitting layer of pixels, the small-molecule based light
emitting diodes (OLEDs) material is generally deposited by
vacuum thermal evaporation (VIE) through the shadow
mask. The polymer light emitting diodes (PLEDs) material is
dispersed at pixels, typically by spin coating or inkjet print-
ing, wherein the procedures require no vacuum environment,
and the processing equipment is more inexpensive. The poly-
mer light emitting diodes (PLEDs) material is suitable for
applying to the devices with large area. The PLEDs material
is usually used for the applications of large sized displays.
However, the small-molecule based light emitting diodes
(OLEDs) material has better result of film formation, which is
suitable for applying to the high-end products. The OLEDs
material is usually used for the applications of medium or
small sized displays.

[0007] Take three different colored sub-pixels (R, G, B
sub-pixels) to exemplify the evaporation of materials capable
of emitting red, green and blue light colors independently.
Please refer to FIG. 1A~FIG. 1C, which illustrate an organic
light emitting material evaporated in a vacuum system. The
upper and lower portions in the figures depict the top views
and the cross-sectional view of the substrates and the related
elements on the substrates. A substrate 11 is disposed under a
shadow mask 12, and the organic light emitting material 15 is
then deposited on the certain areas through the shadow mask
12 by the vapor thermal evaporation (VTE). As shown in FIG.
1B, a shadow mask 12 is disposed on the substrate 11. Typi-
cally, the shadow mask is made from the metallic material
with low thermal expansion coefficient, and so-called as the
metal mask or the fine metal mask (FMM). The shadow mask
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12 could be formed by welding a thin metal plate on a metal
frame 13, wherein the thin metal plate have a predetermined
pattern (such as the openings 12a arranged as an array)
formed by electroforming or etching. When one of red, blue
and green organic materials is deposited, the pattern of the
shadow mask 12 corresponds to the positions of one colored
pixels but shields the positions of other two colored pixels.
For example, the openings 12a (FIG. 1B) are corresponding
to the positions of red pixels, and the evaporation source 14
contains the red organic light emitting material. During
evaporation, the red organic light emitting material is depos-
ited through the openings 124 to form the organic light emit-
ting material 15 at the red pixel areas (FIG. 1C). The shadow
mask 12 or the substrate is then moved by a high accuracy
alignment system to deposit another colored light emitting
material.

[0008] Intheconventional evaporation, each opening ofthe
shadow mask corresponds to a position of one sub-pixel.
Accordingly, the resolution of the conventional device is
restricted by the processing ability of FMM.

[0009] When a display requiring high resolution is fabri-
cated, accuracy of alignment system, tolerance of opening
size, clogs and contamination at the openings of the shadow
mask would cause considerable effects on the production
quality since the size and pitch of pixels are decreased. Cur-
rently, the highest resolution of the commercial product, fab-
ricated by aligning one opening of the shadow mask to one
sub-pixel in the conventional evaporation, is about 300 PPL.

SUMMARY

[0010] The disclosure is directed to a display, particularly
an organic electroluminesence display (OLED). A resolution
of the OLED applied by the embodiment can be effectively
increased, and the OLED of the embodiment can be manu-
factured under the current process ability of material deposi-
tion through shadow masks. According to the embodiment,
an opening of a shadow mask is aligned correspondingly to
three sub-pixels for deposition.

[0011] According to one embodiment, a display is pro-
vided, comprising a substrate, an electrode layer formed on
the substrate and an organic material layer formed on the
electrode layer. The electrode layer has an electrode pattern.
A plurality of pixel units are configured by the organic mate-
rial layer combined with the electrode pattern. At least one of
pixel units comprises a plurality of different colored sub-
pixels arranged in delta, and the same colored sub-pixels of
adjacent pixel units are arranged in delta.

[0012] According to one embodiment, a display is pro-
vided, comprising a substrate, an electrode layer formed on
the substrate and an organic material layer formed on the
electrode layer. The electrode layer has an electrode pattern.
A plurality of pixel units are configured by the organic mate-
rial layer combined with the electrode pattern. At least one of
pixel units comprises a plurality of different colored sub-
pixels arranged in delta, and the same colored sub-pixels of
adjacent pixel units are arranged in a strip. The pixel units are
substantially arranged in a matrix, and the pixel units posi-
tioned in adjacent rows or in adjacent columns are in parallel
to each other, and the pixel units positioned in adjacent col-
umns have inverse shapes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG. 1A~FIG. 1Cillustrate an organic light emitting
material evaporated in a vacuum systemn.
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[0014] FIG. 2A is a top view of an electrode pattern of an
electrode layer of an OLED according to the first embodiment
of the disclosure.

[0015] FIG. 2B is a top view of a shadow mask of an OLED
according to the first embodiment of the disclosure.

[0016] FIG. 3 is a top view of a pixel arrangement of an
OLED according to the first embodiment of the disclosure.
[0017] FIG. 4A~FIG. 4C illustrate the organic materials
with different colors being deposited through the shadow
mask of FIG. 2B according to the first embodiment of the
disclosure.

[0018] FIG.5A and FIG. 5B show the sizes of one set of the
shadow mask and the pixels of the first embodiment, respec-
tively.

[0019] FIG. 6 is a top view of a pixel arrangement of an
OLED according to the second embodiment of the disclosure.
[0020] FIG. 7 is a top view of a pixel arrangement of an
OLED according to the third embodiment of the disclosure.
[0021] FIG. 8 is a top view of a pixel arrangement of an
OLED according to the fourth embodiment of the disclosure.
[0022] FIG. 9 is a top view of a pixel arrangement of an
OLED according to the fifth embodiment of the disclosure.
[0023] In the following detailed description, for purposes
of explanation, numerous specific details are set forth in order
to provide a thorough understanding of the disclosed embodi-
ments. It will be apparent, however, that one or more embodi-
ments may be practiced without these specific details. In other
instances, well-known structures and devices are schemati-
cally shown in order to simplify the drawing.

DETAILED DESCRIPTION

[0024] The embodiment provides an organic electrolu-
minesence display (OLED) fabricated under the current pro-
cess ability of material deposition through shadow masks.
According to the embodiment, an opening of a shadow mask
is aligned correspondingly to three sub-pixels for deposition,
thereby increasing the resolution of the OLED in application,
and the resolution is even up to 400 PPI or more.

[0025] According to the OLEDs of the embodiments, at
least one of plural pixel units comprises a plurality of (such as
three) different colored sub-pixels (such as R,G, and B sub-
pixels) arranged in delta. Three of the same colored sub-
pixels of the adjacent pixel units, constituting a light emitting
unit, are arranged in delta or in a strip. In one embodiment,
three adjacent sub-pixels having the same color of light,
arranged in delta or in a strip, are formed by deposited the
corresponding light emitting material through the same open-
ing of the shadow mask.

[0026] Embodiments are provided hereinafter with refer-
ence to the accompanying drawings for describing the related
configurations, but the present disclosure is not limited
thereto. The identical and/or similar elements of the embodi-
ments are designated with the same and/or similar reference
numerals. Also, it is noted that there may be other embodi-
ments of the present disclosure which are not specifically
illustrated. It is also important to point out that the illustra-
tions may not be necessarily be drawn to scale. Thus, the
specification and the drawings are to be regard as an illustra-
tive sense rather than a restrictive sense.

First Embodiment

[0027] FIG. 2A is a top view of an electrode pattern of an
electrode layer of an OLED according to the first embodiment
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of the disclosure. FIG. 2B is a top view of a shadow mask of
an OLED according to the first embodiment of the disclosure.
FIG. 3 is a top view of a pixel arrangement of an OLED
according to the first embodiment of the disclosure. Please
also refer to FIG. 1A~FIG. 1C for the details of the vacuum
evaporation through a shadow mask.

[0028] In the first embodiment, the OLED comprises an
electrode layer having an electrode pattern 30 (FIG. 2A)
formed on the substrate, and an organic material layer formed
on the electrode layer. Combination of the organic material
layer and the electrode pattern 30 creates a plurality of pixel
units P. As shown in FIG. 3, if the configuration of FIG. 3 is
divided according to the color of light, a plurality of light
emitting units Uy, U, or Uy, each comprising the portions
emitting the same color, can be determined. At least one ofthe
pixel units P comprises several (such as three) different col-
ored sub-pixels (ex: red sub-pixels, green sub-pixels and blue
sub-pixels) arranged in delta, and the same colored sub-pixels
of adjacent pixel units P are arranged in delta. As shown in
FIG. 3, each of the light emitting units U, U, or U includes
several light emitting portions 341; for example, three light
emitting portions 341 emitting the same color are positioned
in a delta arrangement.

[0029] FIG. 4A~FIG. 4C illustrate the organic materials
with different colors being deposited through the shadow
mask of FIG. 2B according to the first embodiment of the
disclosure. In one embodiment, the organic material layer
includes different light emitting materials capable of emitting
three different colors of light. As shown in FIG. 4A, a first
light emitting material (such as the material emitting blue
light) is deposited through the opening 32a of the shadow
mask 32 to form a plurality of first light emitting material
areas 41. Then, the shadow mask 32 or the substrate is shifted,
and a second light emitting material (such as the material
emitting red light) is deposited through the opening 32a of the
shadow mask 32 to form a plurality of second light emitting
material areas 42. The shadow mask 32 or the substrate is
shifted again, and a third light emitting material (such as the
material emitting green light) is deposited through the open-
ing 32a of the shadow mask 32 to form a plurality of third
light emitting material areas 43. In one embodiment, the first
light emitting material emits the light (i.e. blue light) having
the main peak of wavelengths in a range of about 380 nm to
about 495 nm, the second light emitting material emits the
light (i.e. red light) having the main peak of wavelengths in a
range of about 580 nm to about 700 nm, and the third light
emitting material emits the light (i.e. green light) having the
main peak of wavelengths in a range of about 495 nm to about
590 nm, after a voltage is applied to the OLED. The electrode
pattern 30 combined with the first light emitting material
areas 41, second light emitting material areas 42 and the third
light emitting material areas 43 create a plurality of the light
emitting units having the first light color (such as the blue
light emitting units Uy), a plurality of the light emitting units
having the second light color (such as the red light emitting
units Ug), a plurality of the light emitting units having the
third light color (such as the green light emitting units U ),
respectively. According to the embodiment, each of the first
light emitting material areas 41 corresponds to a continuous
portion of the first light-emitting material, each of the second
light emitting material areas 42 corresponds to a continuous
portion of the second light-emitting material, and each of the
third light emitting material areas 43 corresponds to a con-
tinuous portion of the third light-emitting material.



US 2015/0022078 A1l

[0030] Please refer to FIG. 3 and FIG. 4A~FIG. 4C.
Although the first light emitting material areas 41, the second
light emitting material areas 42 and the third light emitting
material areas 43 are illustrated to have substantially equal
area, the disclosure is not limited thereto. The design and/or
the manufacture of the embodiments could be slightly modi-
fied and changed in the different practical applications. For
example, the blue light emitting units (Uy) may have the
largest area, and the green light emitting units (U ;) may have
the smallest area. In the evaporation process, different
shadow masks canbe applied for depositing the light emitting
materials with three different colors of light, wherein the
shadow mask for depositing the blue light emitting material
may have the largest openings while another shadow mask for
depositing the green light emitting material may have the
smallest openings. Alternatively, another electrode pattern
having different sizes can be applied to generate different
areas of the light emitting units emitting different light colors.

[0031] Additionally, the pixel units P of the first embodi-
ment are substantially arranged in a matrix, as shown in FIG.
3. For example, a matrix with m row and n column is illus-
trated in FIG. 3, wherein m and n are positive integers. The
pixel units in the second row can be denoted as P, ,,, and the
pixel units in the third row can be denoted as P, ,, etc. The
pixel units in the seventh column can be denoted as P, ., the
pixel units in the eighth column can be denoted as P, ¢, and
the pixel units in the ninth column can be denoted as P, ,, etc.
As shown in FIG. 3, the pixel units positioned in adjacent
rows (such as the pixel units P, , in the second row and the
pixel units P, , in the third row) are in parallel to each other.
The pixel units positioned in adjacent columns (such as the
pixel units P,, - in the seventh column and the pixel units P,, o
in the eighth column, or the pixel units P, ; in the eighth
column and the pixel units P, in the ninth column) are
misaligned to each other, i.e. the pixel units P,  is between
the pixel units P, ; and the pixel units P, .

[0032] In the first embodiment, the adjacent pixel units in
the same row emit identical color of light. Also, as shown in
FIG. 3, at least one colored sub-pixels (/light emitting por-
tions 341) adjoin the adjacent pixel units in the same row.
Take the pixel units in the second row for example, the pixel
units P, , in the seventh column and the pixel units P, ¢ in the
ninth column are adjoined by the blue sub-pixels (/light emit-
ting portions). Take the blue sub-pixels of the pixel units P, 5,
P, ¢ and P, 4 for example, they are fabricated by simulta-
neously depositing the light emitting material emitting blue
light through the same opening 32a of the shadow mask.
Accordingly, for the pixel units in the same row, at least one
colored light emitting material is continuous between the
adjacent sub-pixels of the pixel units; for example, at least one
of the blue light emitting units(Uj) is continuous between the
adjacent sub-pixels of the pixel units P, ; and P, , and is
corresponding to the adjacent sub-pixels of the pixel units
P, ; and P, , simultaneously (i.e. the adjacent light emitting
portions of the adjacent pixel units in the same row share a
continuous portion of the light emitting material and the
continuous portion of the light-emitting material is corre-
sponding to more than one sub-pixel such as two adjacent
sub-pixels).

[0033] In one embodiment, the electrode layer is an ITO
layer patterned to form the electrode pattern 30 as shown in
FIG. 2A. Although each of the first light emitting material
areas 41/the second light emitting material areas 42/the third
light emitting material areas 43 shares a continuous portion of

m,7s

m,8°
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the light-emitting material, the dark regions (no light emitted)
exist due to the configuration of the electrode pattern 30. After
the organic material layer is combined with the electrode
pattern 30, the dark regions correspond to the regions of the
electrode layer without ITO. According to the pixel arrange-
ment shown in FIG. 3 and FIG. 5B, the same colored sub-
pixels of the light emitting units U,/U/Uj are spaced apart
by adistance (Gy), and the different colored sub-pixels (RGB)
of each pixel unit are also spaced apart by a distance (G ).
[0034] Inoneembodiment, fora light emitting unit U,/U /
U, the same colored sub-pixels (/light emitting portions 341)
arranged in delta are spaced apart by a distance of G, which
is less than a distance of G, formed between the different
colored sub-pixels (RGB) of a pixel unit P.

[0035] According to the OLED disclosed in the embodi-
ment, the resolution of the OLED can be effectively increased
under the current process ability of material deposition
through shadow masks. In one embodiment, the resolution of
the OLED can be effectively increased up to 400 PPI by using
a fine metal mask (FMM, shadow mask) with a resolution of
222 PPI. Please refer to FIG. 5A and FIG. 5B, respectively
showing the sizes of one set of the shadow mask and the pixels
of the first embodiment.

[0036] According to the current FMM process ability, (1)
the evaporation accuracy is about =12 pm, the total pitch is
about +7 um, the open accuracy is about +3 pmm; (2) the
smallest opening is about 30 um (in diameter), the opening
pitch is about 20 pm; (3) the smallest slit is about 48 um. As
shown in the shadow mask 32 of FIG. 5A, the smallest dis-
tance is about 67.9 um, the pitch is about 114.5 pm, and the
opening 32a is about 46.8 um in length and about 40.5 pm in
width. The shadow mask 32 has a resolution of about 222 PPI
merely. According to one of the embodiment, the pixel unit P
manufactured by the shadow mask 32 is shown in FIG. 5B.
The pixel unit P of FIG. 5B has a size of about 81.8 um in
length and about 63.5 um in width. In this pixel unit P, the
RGB sub-pixels are spaced apart from each other at about 23
um (distance of G). For a light emitting unit constituted by
three sub-pixels emitting the same color of light, such as the
light emitting unit emitting green light U ., while three light
emitting portions 341 (/sub-pixels) are spaced apart from
each other at about § um (distance of Gy).

[0037] 1In the first embodiment, the electrode pattern 30
comprises quadrilateral/rhombus pattern (as depicted in FIG.
2A); however, the disclosure is not limited thereto. The geo-
metric shape of the electrode pattern could be changed and
modified according to the practical applications, such as a
rounded form, a rectangular form or other regular polygons,
so long as one opening of the shadow mask corresponding to
three sub-pixels depositing the same colored material. More
embodiments with various electrode patterns and pixel
arrangements are described below. Moreover, evaporation
process with the shadow mask for forming the light emitting
materials is demonstrated in the embodiments, but the disclo-
sure is not limited thereto. Other processes able to form the
light emitting materials, such as ink jet printing, laser-in-
duced Thermal Imaging or other suitable processes, can also
be applied.

Second Embodiment

[0038] FIG. 6 is a top view of a pixel arrangement of an
OLED according to the second embodiment of the disclosure.
In the second embodiment, an electrode layer has an electrode
pattern with rounded shape. Please also refer to FIG. 2A, FIG.
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2B, FIG. 3 and FIG. 4A~FIG. 4C for the details of the elec-
trode pattern and shadow mask pattern, which are not redun-
dantly repeated.

[0039] Inthe second embodiment, the OLED comprises an
electrode layer having an electrode pattern formed on the
substrate, and an organic material layer formed on the elec-
trode layer. Combination of the organic material layer and the
electrode pattern creates a plurality of pixel units P. As shown
in FIG. 6, if the configuration of FIG. 6 is divided according
to the color of light, a plurality of light emitting units Uy, Uy,
or Uy, each comprising the portions emitting the same color,
can be determined. At least one of the pixel units P comprises
several (such as three) different colored sub-pixels (ex: red
sub-pixels, green sub-pixels and blue sub-pixels) arranged in
delta, and the same colored sub-pixels of adjacent pixel units
P are arranged in delta. As shown in FIG. 6, each of the light
emitting units Uy, U, or Uy includes several light emitting
portions 641; for example, three light emitting portions 641
emitting the same color are positioned in a delta arrangement.
[0040] Similar to the first embodiment, one shadow mask
can be applied in the second embodiment for deposited the
firstlight emitting material (such as the material emitting blue
light), the second light emitting material (such as the material
emitting red light), the third light emitting material (such as
the material emitting green light) through the openings of the
shadow mask, so as to form a plurality of light emitting
material areas emitting different light colors in sequence. In
one embodiment, the first light emitting material emits the
light (i.e. blue light) having the main peak of wavelengths in
a range of about 380 nm to about 495 nm, the second light
emitting material emits the light (i.e. red light) having the
main peak of wavelengths in a range of about 580 nm to about
700 nm, and the third light emitting material emits the light
(i.e. green light) having the main peak of wavelengths in a
range of about 495 nm to about 590 nm, after a voltage is
applied to the OLED. The electrode pattern combined with
the light emitting material areas emitting certain light color
create a plurality of the light emitting units having certain
light color. For example, the electrode pattern combined with
the light emitting material areas emitting blue color creates a
plurality of blue light emitting units Uy, the electrode pattern
combined with the light emitting material areas emitting red
color creates a plurality of red light emitting units U, and the
electrode pattern combined with the light emitting material
areas emitting green color creates a plurality of green light
emitting units Ug.

[0041] Similarto the first embodiment, each of the blue, red
or green light emitting material areas of the second embodi-
ment has a continuous portion of the light-emitting materials
emitting blue, red or green light, respectively, and the con-
tinuous portion of the light emitting materials are correspond-
ing to more than one sub-pixel areas. As shown in FIG. 6, the
size of the continuous portion of the light emitting materials,
i.e. alight emitting unit Uy/U /U, corresponds to the size of
a pixel unit P. However, the disclosure is not limited therein.
[0042] Additionally, the pixel units P of the second embodi-
ment can be regarded as a matrix arrangement with m row and
n column, as shown in FIG. 6, wherein m and n are positive
integers. The pixel units in the second row and the third row
can be respectively denoted as P, , and P, etc. The pixel
units in the seventh column, eighth column and ninth column
can be respectively denotedas P, 5, P, cand P, o, efc. In the
second embodiment, the pixel units positioned in adjacent
rows (such as the pixel units P, , in the second row and the
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pixel units P, , in the third row) are in parallel to each other.
Also, in the second embodiment, the pixel units positioned in
adjacent columns (such as the pixel units P, , in the seventh
column and the pixel units P, . in the eighth column) are
misaligned to each other, i.e. the pixel units P, , is between
the pixel units P, ; and the pixel units P, o, and have inverse
shapes (i.e. inverse triangle vs. triangle).

[0043] Moreover, for the pixel units of the second embodi-
ment positioned in the same row, the adjacent sub-pixels emit
identical color of light. As shown in FIG. 6, at least one
colored sub-pixels (/light emitting portions) adjoin the adja-
cent pixel units in the same row. Take the pixel units in the
second row for example, the adjacent pixel units P, , and P, g
are adjoined by the red sub-pixels (/light emitting portions).
Take the red sub-pixels of the pixel units P, ) P, ; and P, 4 for
example, they are fabricated by simultaneously depositing
the light emitting material emitting red light through the same
one of the openings of the shadow mask. According to the
second embodiment, for the pixel units in the same row, at
least one colored light emitting material is continuous
between the adjacent sub-pixels of the pixel units; for
example, at least one of the red light emitting units(Uy) is
continuous between the adjacent sub-pixels of the pixel units
P, ;and P, ;) and is corresponding to the adjacent sub-pixels
of the pixel units P, , and P, , simultaneously (i.e. the adja-
cent light emitting portions of the adjacent pixel units in the
same row share a continuous portion of the light emitting
material and the continuous portion of the light-emitting
material is corresponding to more than one sub-pixel such as
two adjacent sub-pixels).

[0044] According to the OLED fabricated by the second
embodiment, the resolution of the OLED can be effectively
increased, such as up to about 400 PPI, under the current
process ability of material deposition through shadow masks.

Third Embodiment

[0045] FIG. 7 is a top view of a pixel arrangement of an
OLED according to the third embodiment of the disclosure.
In the third embodiment, an electrode layer has an electrode
pattern with quadrilateral/rhombus shape, and the openings
of the shadow mask are triangle shape, which generates the
pixels with polygon shape after combination. Also, the acute
angles of the electrode pattern could be rounded optionally.
[0046] In the third embodiment, the OLED comprises an
electrode layer having an electrode pattern formed on the
substrate, and an organic material layer formed on the elec-
trode layer. Combination of the organic material layer and the
electrode pattern creates a plurality of pixel units P. As shown
in FIG. 7, if the configuration of FIG. 7 is divided according
to the color of light, a plurality of light emitting units U, Ug,
or U, each comprising the portions emitting the same color,
can be determined. At least one of the pixel units P comprises
several (such as three) different colored sub-pixels (ex: red
sub-pixels, green sub-pixels and blue sub-pixels) arranged in
delta, and the same colored sub-pixels of adjacent pixel units
P are arranged in delta. As shown in FIG. 7, each of the light
emitting units Uy, Ug, or Uy includes three light emitting
portions 741, and three light emitting portions 741 emitting
the same color are also positioned in a delta arrangement.
[0047] Similar to the first embodiment, one shadow mask
can be applied in the third embodiment for deposited the first
light emitting material (such as the material emitting blue
light), the second light emitting material (such as the material
emitting red light), the third light emitting material (such as
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the material emitting green light) through the openings of the
shadow mask, so as to form a plurality of light emitting
material areas emitting different light colors. Noted that
evaporation order of the light emitting materials can be
altered. In one embodiment, the first light emitting material
emits the light (i.e. blue light) having the main peak of wave-
lengths in a range of about 380 nm to about 495 nm, the
second light emitting material emits the light (i.e. red light)
having the main peak of wavelengths in a range of about 580
nm to about 700 nm, and the third light emitting material
emits the light (i.e. green light) having the main peak of
wavelengths in a range of about 495 nm to about 590 nm, after
a voltage is applied to the OLED. Also, the electrode pattern
combined with the light emitting material areas emitting blue
color creates a plurality of blue light emitting units U, the
electrode pattern combined with the light emitting material
areas emitting red color creates a plurality of red light emit-
ting units Uy, and the electrode pattern combined with the
light emitting material areas emitting green color creates a
plurality of green light emitting units U. Similarly, each of
the blue, red or green light emitting material areas of the third
embodiment shares a continuous portion of the light-emitting
materials emitting blue, red or green light, respectively.

[0048] Additionally, the pixel units P of the third embodi-
ment can be regarded as a matrix arrangement with m row and
n column, as shown in FIG. 7, wherein m and n are positive
integers. The pixel units in the second row and the third row
can be respectively denoted as P, , and P, etc. The pixel
units in the seventh column, eighth column and ninth column
can be respectively denotedas P, ,, P, cand P, o, etc. Inthe
third embodiment, the pixel units in adjacent rows (such as
the pixel units P, , in the second row and the pixel units P, ,
in the third row) are disposed in parallel. Also, in the third
embodiment, the pixel units positioned in adjacent columns
(such as the pixel units P,, , in the seventh column and the
pixel units P, ¢ in the eighth column) are misaligned to each
other, i.e. the pixel units P ; is between the pixel units P, ,
and the pixel units P, , and have inverse shapes.

[0049] Moreover, for the pixel units positioned in the same
row according to the third embodiment, the adjacent sub-
pixels emitidentical coloroflight. As shown in FIG. 7, at least
one colored sub-pixels (/light emitting portions) adjoin the
adjacent pixel units in the same row. Take the pixel units in the
first row for example, the adjacent pixel units P, , and P, , are
adjoined by the red sub-pixels (/light emitting portions). Take
the red sub-pixels of the pixel units P, ;, P, ; and P, , for
example, they are fabricated by simultaneously depositing
the light emitting material emitting red light through the same
one of the triangle openings of the shadow mask. According
to the third embodiment, for the pixel units in the same row, at
least one colored light emitting material is continuous
between the adjacent sub-pixels of the pixel units; for
example, at least one of the red light emitting units(U;) is
continuous between the adjacent sub-pixels of the pixel units
P, ; and P, ; and is corresponding to the adjacent sub-pixels
of the pixel units P, , and P, , simultaneously (i.e. the adja-
cent light emitting portions of the adjacent pixel units in the
same row share a continuous portion of the light emitting
material, and the continuous portion of the light-emitting
material is corresponding to more than one sub-pixel such as
two adjacent sub-pixels).

[0050] According to the OLED fabricated by the third
embodiment, the resolution of the OLED can be effectively
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increased, such as up to about 400 PPI, under the current
process ability of material deposition through shadow masks.

Fourth Embodiment

[0051] FIG. 8 is a top view of a pixel arrangement of an
OLED according to the fourth embodiment of the disclosure.
In the third embodiment, an electrode layer has an electrode
pattern with rectangular shape (i.e. square), and the openings
of the shadow mask are rectangular (wherein the size of each
opening corresponds to three sub-pixels arranged as a strip),
which generates the pixels with polygon shape (one square
sub-pixel at the lateral side of two square sub-pixels) after
combination. Also, the acute angles of the electrode pattern
could be rounded optionally.

[0052] In the fourth embodiment, the OLED comprises an
electrode layer having an electrode pattern formed on the
substrate, and an organic material layer formed on the elec-
trode layer. Combination ofthe organic material layer and the
electrode pattern creates a plurality of pixel units P. As shown
in FIG. 8, if the configuration of FIG. 8 is divided according
to the color of light, a plurality oflight emitting units U, Ug,
or Uy, each comprising the portions emitting the same color,
can be determined. At least one of the pixel units P comprises
several (such as three) different colored sub-pixels (ex: red
sub-pixels, green sub-pixels and blue sub-pixels) arranged in
delta, and the same colored sub-pixels of adjacent pixel units
P are arranged in a strip. As shown in FIG. 8, each of the light
emitting units U, U, or Uy includes several light emitting
portions 841. In the fourth embodiment, each of the light
emitting units Uz, Ug, or Uy includes three light emitting
portions 841 aligned as a strip.

[0053] Similar to the first embodiment, one shadow mask
can be applied in the fourth embodiment for deposited the first
light emitting material (such as the material emitting blue
light), the second light emitting material (such as the material
emitting red light), the third light emitting material (such as
the material emitting green light) through the openings of the
shadow mask, so as to form a plurality of light emitting
material areas emitting different light colors. Noted that
evaporation order of the light emitting materials can be
altered. In one embodiment, the first light emitting material
emits the light (i.e. blue light) having the main peak of wave-
lengths in a range of about 380 nm to about 495 nm, the
second light emitting material emits the light (i.e. red light)
having the main peak of wavelengths in a range of about 580
nm to about 700 nm, and the third light emitting material
emits the light (i.e. green light) having the main peak of
wavelengths in a range ofabout 495 nm to about 590 nm, after
a voltage is applied to the OLED. Also, the electrode pattern
combined with the light emitting material areas emitting blue
color creates a plurality of blue light emitting units U, the
electrode pattern combined with the light emitting material
areas emitting red color creates a plurality of red light emit-
ting units U, and the electrode pattern combined with the
light emitting material areas emitting green color creates a
plurality of green light emitting units U. Similarly, each of
the blue, red or green light emitting material areas of the
fourth embodiment shares a continuous portion of the light-
emitting materials emitting blue, red or green light, respec-
tively.

[0054] Additionally, the pixel units P of the fourth embodi-
ment can be regarded as a matrix arrangement with m row and
n column, as shown in FIG. 8, wherein m and n are positive
integers. The pixel units in the second row and the third row
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can be respectively denoted as P, , and P, etc. The pixel
units in the seventh column, eighth column and ninth column
can be respectively denotedas P, ,, P, sand P, o, efc. In the
fourth embodiment, the pixel units in adjacent rows (such as
the pixel units P, ,, in the second row and the pixel units P ,
in the third row) are disposed in parallel. Also, in the fourth
embodiment, the pixel units positioned in adjacent columns
(such as the pixel units P, ; and P,, ;) are misaligned to each
other, i.e. the pixel units P, ; is between the pixel units P,, ,
and the pixel units P, ¢, and have inverse shapes.

[0055] Moreover, for the pixel units positioned in the same
row according to the fourth embodiment, two different col-
ored sub-pixels (/light emitting portions) adjoin the adjacent
sub-pixels. Take the pixel units in the second row for example,
the adjacent pixel units P, ; and P, 4 are adjoined by the red
and blue sub-pixels (/light emitting portions), as shown in
FIG. 8, Additionally, the blue sub-pixels of the pixel units
P, P,z and P, ¢ are formed by simultaneously depositing
the blue colored light emitting material through a strip-
shaped opening. The red sub-pixels of the pixel units P, ;, P, ¢
and P, ; are formed by simultaneously depositing the red
colored light emitting material through a strip-shaped open-
ing. According to the fourth embodiment, for the pixel units in
the same row, two different colored light emitting materials
are continuous between the adjacent sub-pixels of the pixel
units (i.e. the adjacent sub-pixels (/light emitting portions) of
the adjacent pixel units in the same row share a continuous
portion of the light emitting material). Also, the continuous
portion of one light-emitting material in the fourth embodi-
ment is corresponding to three sub-pixels in a row.

[0056] According to the OLED fabricated by the fourth
embodiment, the resolution of the OLED can be effectively
increased, such as up to about 400 PPI, under the current
process ability of material deposition through shadow masks.

Fifth Embodiment

[0057] FIG. 9 is a top view of a pixel arrangement of an
OLED according to the fifth embodiment of the disclosure. In
the fifth embodiment, an electrode layer has an electrode
pattern with rectangular shape (i.e. square), and each pixel is
polygon shape (one square sub-pixel at the lateral side of two
square sub-pixels). The shape of an opening of the shadow
mask corresponds to the shape of the pixel. Also, the acute
angles of the electrode pattern could be rounded optionally.
[0058] In the fifth embodiment, the OLED comprises an
electrode layer having an electrode pattern formed on the
substrate, and an organic material layer formed on the elec-
trode layer. Combination of the organic material layer and the
electrode pattern creates a plurality of pixel units P. As shown
in FIG. 9, if the configuration of FIG. 9 is divided according
to the color of light, a plurality of light emitting units Uy, U,
or Uy, each comprising the portions emitting the same color,
can be determined. At least one of the pixel units P comprises
several (such as three) different colored sub-pixels (ex: red
sub-pixels, green sub-pixels and blue sub-pixels) arranged in
delta, and the same colored sub-pixels of adjacent pixel units
P are arranged in delta. As shown in FIG. 9, each of the light
emitting units U, U, or Uy includes several light emitting
portions 941 (/sub-pixels) emitting the same color; for
example, three light emitting portions 941 of each light emit-
ting unit are arranged in delta.

[0059] Similar to the first embodiment, one shadow mask
can be applied in the fifth embodiment for deposited the first
light emitting material (such as the material emitting blue
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light), the second light emitting material (such as the material
emitting red light), the third light emitting material (such as
the material emitting green light) through the openings of the
shadow mask, so as to form a plurality of light emitting
material areas emitting different light colors. Noted that
evaporation order of the light emitting materials can be
altered. In one embodiment, the first light emitting material
emits the light (i.e. blue light) having the main peak of wave-
lengths in a range of about 380 nm to about 495 nm, the
second light emitting material emits the light (i.e. red light)
having the main peak of wavelengths in a range of about 580
nm to about 700 nm, and the third light emitting material
emits the light (i.e. green light) having the main peak of
wavelengths in a range ofabout 495 nm to about 590 nm, after
a voltage is applied to the OLED. Also, the electrode pattern
combined with the light emitting material areas emitting blue
color creates a plurality of blue light emitting units Uy, the
electrode pattern combined with the light emitting material
areas emitting red color creates a plurality of red light emit-
ting units Uy, and the electrode pattern combined with the
light emitting material areas emitting green color creates a
plurality of green light emitting units U. Similarly, each of
the blue, red or green light emitting material areas of the fifth
embodiment shares a continuous portion of the light-emitting
materials emitting blue, red or green light, respectively.

[0060] Additionally, the pixel units P of the fifth embodi-
ment can be regarded as a matrix arrangement with m row and
n column, as shown in FIG. 9, wherein m and n are positive
integers. The pixel units in the second row and the third row
can be respectively denoted as P,,, and P , etc. The pixel
units in the seventh column, eighth column and ninth column
can be respectively denoted as P, ,, P, ; and P, 5, etc. Inthe
fifth embodiment, the pixel units in adjacent rows (such as the
pixel units P, ,, in the second row and the pixel units P; , inthe
third row) are disposed in parallel. Also, in the fifth embodi-
ment, the pixel units positioned in adjacent columns (such as
the pixel units P,,, , and P,, ;) are misaligned to each other, i.e.
the pixel units P, ; is between the pixel units P, , and the
pixel units P, o, and have inverse shapes.

[0061] Moreover, for the pixel units positioned in the same
row according to the fifth embodiment, one colored sub-
pixels (/light emitting portions) adjoin the adjacent sub-pix-
els. Take the pixel units in the second row for example, the
adjacent pixel units P, ; and P, ; are adjoined by the green
sub-pixels (/light emitting portions), as shown in FIG. 9, The
green sub-pixels of the pixel units P,, P, 3 and P, , are
formed by simultaneously depositing the green colored light
emitting material through an opening of the shadow mask.
According to the fifth embodiment, for the pixel units in the
same row, one colored light emitting material is continuous
between the adjacent sub-pixels of the pixel units; for
example, at least one of the green light emitting units (Uy) is
continuous between the adjacent sub-pixels of the pixel units
P, ;and P, ; and is corresponding to the adjacent sub-pixels
of the pixel units P, , and P, 4 simultaneously (i.e. the adja-
cent light emitting portions of the adjacent pixel units in the
same row share a continuous portion of the light emitting
material and the continuous portion of the light-emitting
material is corresponding to more than one sub-pixel such as
two adjacent sub-pixels).

[0062] According to the OLED fabricated by the fifth
embodiment, the resolution of the OLED can be effectively
increased, such as up to about 400 PPI, under the current
process ability of material deposition through shadow masks.
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[0063] It will be apparent to those skilled in the art that
various modifications and variations can be made to the dis-
closed embodiments. Tt is intended that the specification and
examples be considered as exemplary only, with a true scope
of the disclosure being indicated by the following claims and
their equivalents.

What is claimed is:

1. A display, comprising:

a substrate;

an electrode layer, formed on the substrate and having an

electrode pattern;

an organic material layer formed on the electrode layer,

wherein a plurality of pixel units are configured by the
organic material layer combined with the electrode pat-
tern, and at least one of pixel units comprises a plurality
of different colored sub-pixels arranged in delta, and the
same colored sub-pixels of adjacent pixel units are
arranged in delta.

2. The display according to claim 1, wherein the pixel units
are substantially arranged in a matrix, and the pixel units
positioned in adjacent rows are in parallel to each other.

3. The display according to claim 2, wherein the pixel units
positioned in adjacent columns are misaligned to each other.

4. The display according to claim 2, wherein the pixel units
positioned in adjacent columns have inverse shapes.

5. The display according to claim 1, wherein the same
colored sub-pixels of adjacent pixel units correspond to a
continuous portion of a light-emitting material.

6. The display according to claim 1, wherein a distance of
G is formed between the same colored sub-pixels of adjacent
pixel units while a distance of G is formed between the
different colored sub-pixels of adjacent pixel units, and the
distance of Gy 1s less than the distance of G.

7. The display according to claim 1, wherein the different
colored sub-pixels emit lights having different main peaks of
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wavelengths in a range of about 380 nm to about 495 nm, a
range of about 580 nm to about 700 nm, a range of about 495
nm to about 590 nm, respectively.

8. The display according to claim 7, wherein the sub-pixels
which emit light having the wavelength with the main peak in
a range of about 380 nm to about 495 nm have the largest
areas.

9. The display according to claim 7, wherein the sub-pixels
which emit light having the wavelength with the main peak in
a range of about 495 nm to about 590 nm have the smallest
areas.

10. A display, comprising:
a substrate;

an electrode layer, formed on the substrate and having an
electrode pattern;

an organic material layer formed on the electrode layer,
wherein a plurality of pixel units are configured by the
organic material layer combined with the electrode pat-
tern, and at least one of pixel units comprises a plurality
of different colored sub-pixels arranged in delta, and the
same colored sub-pixels of adjacent pixel units are
arranged in a strip, wherein the pixel units are substan-
tially arranged in a matrix, and the pixel units positioned
in adjacent rows or in adjacent columns are in parallel to
each other, and the pixel units positioned in adjacent
columns have inverse shapes.

11. The display according to claim 10, wherein the adjacent
sub-pixels of the adjacent pixel units in the same row emit the
same color of light.

12. The display according to claim 10, wherein the adjacent
sub-pixels of the adjacent pixel units in the same row corre-
spond to a continuous portion of a light-emitting material.
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