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ORGANIC ELECTROLUMINESCENT
DISPLAY DEVICE

[0001] This application is a Continuation of copending
application Ser. No. 13/227,271 filed on Sep. 7, 2011, which
claims the priority benefit of Korean Patent Application No.
10-2010-0088059 filed in Republic of Korea on Sep. 8, 2010,
all of which are hereby expressly incorporated by reference
into the present application

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention relates to an organic elec-
troluminescent display (OELD) device, and more particu-
larly, to an OELD device having a high aperture ratio and a
high resolution.

[0004] 2. Related Art

[0005] AnOELD device of new flat panel display devices is
a self-emitting type. The OELD device has excellent charac-
teristics of a view angel, a contrast ratio and so on. Also, since
the OELD device does not require a backlight assembly, the
OELD device has low weight and low power consumption.
Moreover, the OELD device has advantages of a high
response rate, a low production cost and so on. In addition, all
elements of the OELD device are a solid phase, the device is
strong against an outer impact. Particularly, there is a big
advantage in a production cost. A fabricating process of the
OELD device is very simple and requires a deposition appa-
ratus and an encapsulating apparatus. The OLED device may
be called to as an organic light emitting diode device.

[0006] Inan active matrix type OELD device, a voltage for
controlling an electric current of a pixel is charged in a storage
capacitor such that a level of the electric current is maintained
to next frame.

[0007] FIG.1isacircuitdiagram of one sub-pixel region of
the related art OELD device. As shown in FIG. 1, an OELD
device includes a gate line “GL”, a data line “DL”, a power
supply line “PL”, a switching thin film transistor (TFT) “Ts”,
a storage capacitor “Cst”, a driving TFT “Td”, and an emit-
ting diode “Del”. The gate line “GL” and the data line “DL”
cross each other to define a sub-pixel region “SP”. The
switching TFT “Ts” is connected to the gate and data line
“GL”and “DL”, the driving TFT “Td” and the storage capaci-
tor “Cst” are connected to the switching TFT “Ts” and the
power line “PL”. The emitting diode “Del”is connected to the
driving TFT “Td”.

[0008] When the switching TFT “Ts”is turned on by a gate
signal applied through the gate line “GL”, a data signal from
the data line “DL” is applied to the gate electrode of the
driving TFT “Td” and an electrode of the storage capacitor
“Cst”. When the driving TFT “Td” is turned on by the data
signal, an electric current is supplied to the emitting diode
“Del” from the power line “PL”. As a result, the emitting
diode “Del” emits light. In this case, when the driving TFT
“Td” is turned on, a level of an electric current applied from
the power supply line “PL” to the emitting diode “Del” is
determined such that the emitting diode “Del” can produce a
gray scale. The storage capacitor “Cst” serves to maintain the
voltage of the gate electrode of the driving TFT “Td” when
the switching TFT “Ts” is turned off. Accordingly, even if the
switching TFT “Ts” is turned off, a level of an electric current
applied from the power supply line “PL” to the emitting diode
“Del” is maintained to next frame.
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[0009] To produce full color images, the OELD device
includes red, green and blue sub-pixel regions in one pixel
region. FIG. 2 is a schematic view showing pixel regions of
the related art OELD device. As shown in FIG. 2, the OELD
device 10 includes a plurality of pixel regions “P”. Each pixel
region “P” includes red, green and blue sub-pixel regions
“SPr”, “SPg” and “SPb”.

[0010] Each pixel region “P” has a rectangular shape to
have a horizontal length “H” and a vertical length “V”. The
red, green and blue sub-pixel regions “SPr”, “SPg” and “SPb”
are arranged in each pixel region “P” along a horizontal
direction or a vertical direction. For example, each of the red,
green and blue sub-pixel regions “SPr”, “SPg” and “SPb” has
a horizontal length corresponding to Y5 of the horizontal
length “H” of the pixel region “P”” and a vertical length cor-
responding to the vertical length “V” of the pixel region “P”.
[0011] Red, green and blue emitting layers 32, 34 and 36
are respectively formed in the red, green and blue sub-pixel
regions “SPr”, “SPg” and “SPb”. The red, green and blue
emitting layers 32, 34 and 36 constitute the emitting diode
“Del” with first and second electrodes (not shown). When the
emitting layers are closely disposed, a shadowing problem,
i.e., a color mixture in adjacent sub-pixel regions, is gener-
ated. Accordingly. each of the emitting layers 32, 34 and 36
has awidth“w”, i.e., ahorizontal length, and a height “h”, i.e.,
avertical length, and is spaced apart from each other by a first
distance “d1”".

[0012] The red, green and blue emitting layers 32, 34 and
36 are formed by a thermal deposition using a shadow mask.
InFIG. 2, thered, greenand blue emitting layers 32, 34 and 36
are overlapped portions of the first and second electrodes.
[0013] Anareaofthered, greenand blue emitting layers 32,
34 and 36 may be larger than that in FIG. 2. However, since an
area of the red, green and blue emitting layers 32, 34 and 36
corresponding to the overlapped portions of the first and
second electrodes is effective emitting portions, the red, green
and blue emitting layers 32, 34 and 36 corresponding to the
overlapped portions are shown.

[0014] The OELDdevice 10 display full colorimages using
the red, green and blue emitting layers 32, 34 and 36 in the
red, green and blue sub-pixel regions “SPr”, “SPg” and
“SPb”.

[0015] Recently, to meet requirement for a high resolution,
an area of one pixel region “P” and an area of each of the red,
green and blue sub-pixel regions “SPr”, “SPg” and “SPb” are
reduced.

[0016] As a result, an area for the red, green and blue
emitting layers 32, 34 and 36 is also reduced. The height “h”
of each of the red, green and blue emitting layers 32, 34 and
36 substantially corresponds to the vertical length “V” of the
pixel region “P” such that there is no problem. However, since
the width “w” of each of the red, green and blue emitting
layers 32, 34 and 36 corresponds to the horizontal length “H”
of the pixel region “P”, there is a limitation in reducing the
width “w”.

[0017] Namely, the first distance “d1” between adjacent
emitting layers for preventing the shadowing problem should
be maintained when an area of the pixel region “P” is reduced
because of the requirement of a high resolution.

[0018] Accordingly, with a high resolution of the OELD
device, an area for the red, green and blue emitting layers 32,
34 and 36 is rapidly reduced such that it is difficult to fabricate
a fine shadow mask for forming the red, green and blue
emitting layers 32, 34 and 36.
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SUMMARY OF THE INVENTION

[0019] Accordingly, the present invention is directed to an
OELD device that substantially obviates one or more of the
problems due to limitations and disadvantages of the related
art.

[0020] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. These and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0021] Inaccordance with the present invention, as embod-
ied and broadly described herein, an organic electrolumines-
cent display device including first to fourth pixel regions each
including red, green and blue sub-pixel regions, each of the
first to fourth pixel regions being divided into first and second
column, and the first column being divided into first and
second rows, wherein a red sub-pixel region and a green
sub-pixel region are respectively arranged in the first and
second rows, and a blue sub-pixel region is arranged in the
second column; a red emitting layer formed in the red sub-
pixel region; a green emitting layer formed in the green sub-
pixel region; and a blue emitting layer formed in the blue
sub-pixel region.

[0022] Itistobeunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.
[0024] FIG.1isacircuitdiagram of one sub-pixel region of
the related art OELD device.

[0025] FIG. 2 is a schematic view showing pixel regions of
the related art OELD device.

[0026] FIG. 3 isa schematic view showing pixel regions of
an OELD device according to a first embodiment of the
present invention.

[0027] FIG. 4 is a circuit diagram of one pixel region of an
OELD device according to the first embodiment of the
present invention.

[0028] FIG.5isacross-sectional view of a sub-pixel region
of an OELD device according to the first embodiment of the
present invention.

[0029] FIG. 6A is a view showing a shadow mask used for
red and green emitting layers of an OELD device according to
the first embodiment of the present invention.

[0030] FIG. 6B is a view showing a shadow mask used for
a blue emitting layers of an OELD device according to the
first embodiment of the present invention.

[0031] FIGS. 7A and 7B are cross-sectional views taken
along the lines V1la-VIla and VIIb-VIIb in FIG. 6A, respec-
tively.

[0032] FIG. 8is a schematic view showing pixel regions of
an OELD device according to a second embodiment of the
present invention.
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[0033] FIG. 9isaview showing ashadow mask used forred
and green emitting layers ofan OELD device according to the
second embodiment of the present invention.

[0034] FIG. 10 is a schematic view showing pixel regions
of an OELD device according to a third embodiment of the
present invention.

[0035] FIG. 11 is a view showing a shadow mask used for
red and green emitting layers of an OELD device according to
the third embodiment of the present invention.

[0036] FIG. 12 is a schematic view showing pixel regions
of an OELD device according to a fourth embodiment of the
present invention.

[0037] FIG. 13 is a view showing a shadow mask used for
deep blue and sky blue emitting layers of an OELD device
according to the fourth embodiment of the present invention.
[0038] FIG. 14 is a schematic view showing pixel regions
of an OELD device according to a fifth embodiment of the
present invention.

[0039] FIG. 15 is a view showing a shadow mask used for
red and green emitting layers of an OELD device according to
the fifth embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0040] 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.

[0041] FIG. 3 is a schematic view showing pixel regions of
an OELD device according to a first embodiment of the
present invention.

[0042] As shown in FIG. 3, an OELD device 110 includes
first to fourth pixel regions “P1”, “P2”, “P3” and “P4”
arranged in a matrix shape. Each of the first to fourth pixel
regions “P1” to “P4” includes red, green and blue sub-pixel
regions “SPr”, “SPg” and “SPb”.

[0043] Each ofthe first to fourth pixel regions “P1” to “P4”
has a rectangular shape to have a horizontal length “H” and a
vertical length “V”. The red and green sub-pixel regions
“SPr” and “SPg” are alternately arranged with each otherina
first column of each of the first to fourth pixel regions “P1” to
“P4”, and the blue sub-pixel region “SPb” is arranged in a
second column of each of the first to fourth pixel regions “P1”
to “P4”.

[0044] Each ofthe first to fourth pixel regions “P1” to “P4”
is divided into the first and second columns along a horizontal
direction, and the first column is divided into first and second
rows along a vertical direction. The red sub-pixel region
“SPr” is positioned in the first column and the first row, and
the green sub-pixel region “SPg” is positioned in the first
column and the second row. Namely, the red and green sub-
pixel regions “SPr” and “SPg” are alternately arranged with
each other in the pixel regions adjacent along the vertical
direction. In other words, the red and green sub-pixel regions
“SPr” and “SPg” are alternately arranged in the first column
of the first and third pixel regions “P1” and “P3”. In addition,
the red and green sub-pixel regions “SPr” and “SPg” are
alternately arranged in the first column of the second and
fourth pixel regions “P2” and “P4”. As a result, in the first
column, one green sub-pixel region “SPg” is positioned
between two adjacent red sub-pixel regions “SPr”. The blue
sub-pixel region “SPb” is positioned in the second column.
Red, green and blue emitting layers 132, 134 and 136 are
respectively formed in the red, green and blue sub-pixel
regions “SPr”, “SPg” and “SPb”.
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[0045] Thered, green and blue emitting layers 132,134 and
136 constitute an emitting diode “Del” (of FIG. 5) with a first
electrode 130 (of FIG. 5) and a second electrode 138 (of FIG.
5). To prevent the shadowing problem, the emitting layers
132, 134 and 136 are spaced apart from each other by a first
distance “d1”. For example, the first distance “d1” may be
about 22 micrometers.

[0046] Each of the red and green emitting layers 132 and
134 has a first width “w1”, i.e., a horizontal length, and a first
height “h1”, i.e., a vertical length. The blue emitting layer 136
has a second width “w2” and a second height “h2”. Namely,
each of the red, green and blue emitting layers 132, 134 and
136 has a rectangular shape. The red and green sub-pixel
regions “SPr” and “SPg” are positioned in the first and second
rows of the first column such that the first width “w1” is larger
than the first height “h1”. On the contrary, the blue sub-pixel
region “SPb” is positioned in an entire of the second column
such that the second width “w2” is smaller than the second
height “h2”.

[0047] Thered, green and blue emitting layers 132,134 and
136 are formed by a thermal deposition using a shadow mask.
InFIG. 3, the red, green and blue emitting layers 132, 134 and
136 are overlapped portions of the first and second electrodes.
[0048] An area of the red, green and blue emitting layers
132,134 and 136 may be larger than that in FIG. 3. However,
since an area of the red, green and blue emitting layers 132,
134 and 136 corresponding to the overlapped portions of the
first and second electrodes 130 and 138 is effective emitting
portions, the red, green and blue emitting layers 132, 134 and
136 corresponding to the overlapped portions are shown.
[0049] Particularly, when the first electrode 130 is exposed
through an opening 128a (of F1G. 5) of abank 128 (ofF1G. 5),
the red, green and blue emitting layers 132, 134 and 136
contact the exposed portion of the first electrode 130 and the
second electrode 138 is formed on an entire surface of the red,
green and blue emitting layers 132, 134 and 136 as one-body,
the overlapped portion of the first and second electrodes 130
and 138 may be equal to the opening 1284 of the bank 128.
[0050] As mentioned above, in the OELD device 110
according to the first embodiment of the present invention,
each of the first pixel regions “P1” to “P4” is divided into the
first and second columns, and the first column is divided into
the first and second rows. Then, the red and green sub-pixel
regions “SPr” and “SPg” are respectively disposed in regions
defined by the first column and the first and second rows, and
the blue sub-pixel region “SPb” is disposed in a region
defined by the second column. In addition, the red, green and
blue emitting layers 132, 134 and 136 are formed in the red,
green and blue sub-pixel regions “SPr”, “SPg” and “SPb”,
respectively.

[0051] Accordingly, with compared to the related art
OELD device, where three sub-pixel regions are arranged
along a direction, there is a margin in reduction of the width
of the sub-pixel regions. As a result, there is a margin for
requirement of a high resolution. Namely, when an area, e.g.,
a width, of the red, green and blue sub-pixel regions “SPr”,
“SPg” and “SPb” is reduced with requirement of a high reso-
lution, there is a margin in reduction of the width of the red,
green and blue sub-pixel regions “SPr”, “SPg” and “SPb”
such that a shadow mask for forming the red, green and blue
emitting layers 132, 134 and 136 is easily fabricated.

[0052] FIG. 4 is a circuit diagram of one pixel region of an
OELD device according to the first embodiment of the
present invention, and FIG. 5 is a cross-sectional view of a
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sub-pixel region of an OELD device according to the first
embodiment of the present invention.

[0053] As shown in FIG. 4, the OELD device 110 includes
firstand second gate lines “GL1" and “GL2”, first to third data
lines “DL1”, “DL2” and “DL3” and first to third power lines
“PL1”, “PL2” and “PL3”. A region surrounded by the first
and second gate lines “GL1” and GL.2", the first data line
“DL1” and the third power line “PL3” is defined as a pixel
region “P”.

[0054] The pixel region “P” is divided into the first and
second columns, and the first column is divided into the first
and second rows. The red and green sub-pixel regions “SPr”
and “SPg” are defined in the first and second rows of the first
column, respectively, and the blue sub-pixel region “SPb” is
defined in the second column.

[0055] In each of the red, green and blue sub-pixel regions
“SPr”, “SPg” and “SPb”, a switching TFT “Ts”, a driving
TFT “Td”, a storage capacitor “Cst” and an emitting diode
“Del” are formed. A position of the switching TFT “Ts”, the
driving TFT “Td” and the storage capacitor “Cst” is not
limited in the respective sub-pixel region. For example, the
switching TFT “Ts”, the driving TFT “Td” and the storage
capacitor “Cst” as elements of the red sub-pixel region “SPr”
may be positioned in the green sub-pixel region “SPg” or the
blue sub-pixel region “SPb”.

[0056] InFIG. 4, the first power line “PL17, the second data
line “DL2”, the second power line “PL2” and the third data
line “DL3” are positioned in order between the first data line
“DL1” and the third power line “PL3”. However, there is no
limitation in the data lines “DL1” to “DL3” and the power
lines “PL1” to “PL3”. For example, the second data line
“DL2” is positioned in a position of the second power line
“PL2” without the second power line “PL2”, and the driving
TFT “Td” in the green sub-pixel region “SPg” is connected to
the first power line “PL1”. Namely, the red and green sub-
pixel regions “SPr” and “SPg” share the first power line
“PL1” without the second power line “DL.2”.

[0057] InFIG. 4, the switching TFT “Ts”, the driving TFT
“Td”, the storage capacitor “Cst” and the emitting diode
“Del” in the red sub-pixel region “SPr” is driven by signals
from the first gate line “GL1" and the first data line “DL1”,
and the driving TFT “Td”, the storage capacitor “Cst” and the
emitting diode “Del” in the green sub-pixel region “SPg” is
driven by signals from the first gate line “GL.1” and the second
dataline “DL1”. The driving TFT “Td”, the storage capacitor
“Cst” and the emitting diode “Del” in the blue sub-pixel
region “SPb” is driven by signals from the first gate line
“GL1” and the third data line “DL3”,

[0058] Referring to FIG. 5, the OELD device 110 includes
a substrate 111 of glass or plastic, the driving TFT “Td” over
the substrate 111, and the emitting diode “Del” connected to
the driving TFT “Td”.

[0059] Although not shown, on the substrate 111, the gate
lines “GL1” and “GL2” (of FIG. 4), the data lines “DL1” to
“DL3” (of FIG. 4), the power lines “PL1” to “PL3” (of FIG.
4), and the switching TFT “Ts” are formed.

[0060] In more detail, on the substrate 111, a semiconduc-
tor layer 112 including an active region 1124, a source region
1125 and a drain region 112¢ is formed, and a gate insulating
layer 114 covering an entire surface of the substrate 111 is
formed to cover the semiconductor layer 112.

[0061] The semiconductor layer 112 is formed of a semi-
conductor material, for example, amorphous silicon or poly-
crystalline silicon. The active region 112a is formed of intrin-
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sic silicon, and each of the source and drain regions 1125 and
112¢ is formed of impurity-doped silicon. The gate insulating
layer 114 may be formed of an inorganic insulating material,
for example, silicon oxide or silicon nitride.

[0062] A gateelectrode 116 is formed on the gate insulating
layer 114 to correspond to the semiconductor layer 112, and
an interlayer insulating layer 118 is formed on an entire
surface of the substrate 111 to cover the gate electrode 116.
The gate electrode 116 may be formed of a conductive metal-
lic material, for example, aluminum (Al) or Al alloy. The
interlayer insulating layer 118 may be formed of an inorganic
insulating material, for example, silicon oxide or silicon
nitride, or an organic insulating material, for example, ben-
zocyclobutene or acrylic resin. The interlayer insulating layer
118 includes a source region contact hole 120a exposing the
source region 1126 and a drain region contact hole 1205
exposing the drain region 112c.

[0063] A source electrode 120, the drain electrode 122 and
a data line 124 are formed on the interlayer insulating layer
118. The source electrode 120 is connected to the source
region 1125 through the source region contact hole 120g, and
the drain electrode 122 is connected to the drain region 112¢
through the drain region contact hole 1205.

[0064] The semiconductor layer 112, the gate electrode
116, the source electrode 120 and the drain electrode 122
constitute the driving TFT “Td”. Although not shown, the
switching TFT “Ts” may have substantially the same struc-
ture as the driving TFT “Td”. The gate line is formed of the
same material and at the same layer as the gate electrode 116.
[0065] A passivation layer 126 is formed on an entire sur-
face of the substrate 111 to cover the driving TFT “Td”. The
passivation layer 126 may be formed an inorganic insulating
material, for example, silicon oxide or silicon nitride, or an
organic insulating material, for example, benzocyclobutene
or acrylic resin. The passivation layer 126 includes a drain
electrode contact hole 126a exposing the drain electrode 122.
[0066] The first electrode 130 is formed on the passivation
layer 126 to correspond to the pixel region “P”. The first
electrode 130 is connected to the drain electrode 122 through
the drain electrode contact hole 126a.

[0067] A bank 128 is formed at a boundary of the first
electrode 130. The bank 128 includes an opening 1284 expos-
ing the first electrode 130. The bank 128 may be formed of an
inorganic insulating material, for example, silicon oxide or
silicon nitride, or an organic insulating material, for example,
benzocyclobutene or acrylic resin.

[0068] On the first electrode 130 and in the opening 1284,
the red, green and blue emitting layers 132, 134 and 136 are
formed in the red, green and blue sub-pixel regions “SPr”,
“SPg” and “SPb”, respectively. The second electrode 138 is
formed on an entire surface of the substrate 222 to cover the
red, green and blue emitting layers 132, 134 and 136.
[0069] The first electrode 130, each of the emitting layers
132,134 and 136, and the second electrode 138 constitute the
emitting diode “Del”, and the first and second electrodes 130
and 138 are formed of conductive materials having different
work functions.

[0070] An electron and a hole are provided into a portion of
each of the emitting layers 132, 134 and 136, which contacts
the first electrode 130, such that the portion of the each of the
emitting layers 132, 134 and 136 emits light. When an emit-
ting area, by which an aperture ratio is determined, of each of
the red, green and blue emitting layers 132, 134 and 136
respectively in the red, green and blue sub-pixel regions
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“SPr”, “SPg” and “SPc” is considered, an important fact is an
exposed area of the first electrode 130 through the opening
128a of the bank 128. Accordingly, the red, green and blue
emitting layers 132, 134 and 136 corresponding to the open-
ing 128¢ of the bank 128 are shown in FIG. 3.

[0071] The first and second electrodes 130 and 138 respec-
tively serve as an anode and a cathode. One of the first and
second electrodes 130 and 138 serving the anode has a higher
work function than the other of the first and second electrodes
130 and 138. For example, the anode may be formed of
indium-tin-oxide (ITO), and the cathode may be formed of
aluminum,

[0072] Each of the emitting layers 132, 134 and 136 may
include an electron injection layer (EIL), an emitting material
layer (EML) and a hole injection layer (HIL) to improve an
emission efficiency. Another substrate for encapsulation is
attached to the substrate 111 such that the OELD 110 is
obtained.

[0073] A shadow mask for forming the red, green and blue
emitting layers 132, 134 and 136 is illustrated with reference
to FIGS. 6A and 6B with FIG. 3. FIG. 6A is a view showing
a shadow mask used for red and green emitting layers of an
OELD device according to the first embodiment of the
present invention, and FIG. 6B is a view showing a shadow
mask used for a blue emitting layers of an OELD device
according to the first embodiment of the present invention.
[0074] As shown in FIG. 6A. a first shadow mask 160,
which is used for forming the red emitting layer 132 and/or
the green emitting layer 134, includes a plurality of first
opening portions 162 for transmitting an emitting material
and a first blocking portion 164. The first blocking portion
164 surrounds the first opening portions 162 and blocks the
emitting material.

[0075] An align position of the first shadow mask 160 for
the red emitting layer 132 is different from an align position
of the first shadow mask 160 for the green emitting layer 134.
The first shadow mask 160 is moved along a vertical direction
or a horizontal direction to form one of the red and green
emitting layers 132 and 134 after forming the other of the red
and green emitting layers 132 and 134.

[0076] Each of the first opening portions 162 corresponds
to the red emitting layer 132 orthe green emitting layer 134 in
each of the pixel region “P1”to “P4”. Each of the first opening
portions 162 has a size substantially equal to the first width
“w1” and the first height “h1”. Accordingly, adjacent first
opening regions 162 along a horizontal direction are spaced
apart from each other by a first length “I.1” corresponding to
a summation of the second width “w2” of the blue emitting
layer 136 and twice of the first distance “d1”. (L.1~w2+2*d1)
In addition, adjacent first opening portions 162 along a vet-
tical direction are spaced apart from each other by a second
length “L.2” corresponding to a summation of the first height
“h1” of the red emitting layer 132 or the green emitting layer
134 and twice of the first distance “d1”. (L2~h1+2*d1) The
first length “I.1” may be smaller than the second length “1.2”.
Alternatively, each of the first opening portions 162 has a size
larger the first width “w1” and the first height “h1”.

[0077] On the other hand, as shown in FIG. 6B, a second
shadow mask 170, which is used for forming the blue emitting
layer 136, includes a plurality of second opening portions 172
for transmitting an emitting material and a second blocking
portion 174. The second blocking portion 174 surrounds the
second opening portions 172 and blocks the emitting mate-
rial.
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[0078] Each of the second opening portions 172 corre-
sponds to the blue emitting layer 136 in each of the pixel
regions “P1” to “P4”. Each of the second opening portions
172 has a size substantially equal to the second width “w2”
and the second height “h2”. Accordingly, adjacent second
opening regions 172 along a horizontal direction are spaced
apart from each other by a third length “I.3” corresponding to
a summation of the first width “w1” of the red emitting layer
132 or the green emitting layer 134 and twice of the first
distance “d1”. (L3~w1+2*d1) In addition, adjacent second
opening regions 172 along a vertical direction are spaced
apart from each other by a fourth length “L4” corresponding
to the first distance “d1”. (L4~d1) Alternatively, each of the
second opening portions 172 has a size larger the second
width “w2” and the second height “h2”.

[0079] Unfortunately, when the resolution of the OELD
device is further increased, a length or a distance between
adjacent first opening portions 162 or between the adjacent
second opening portions 172 is reduced such that a twisted
problem is generated. Particularly, when the first and second
lengths “L.1” and “1.2” between the first opening portions 162
of the first shadow mask 160 are decreased, thicknesses of the
first blocking portion 164 is differently decreased such that
the twisted problem becomes serious. This problem is illus-
trated with reference to FIGS. 7A and 7B with FIG. 6A.
[0080] FIGS. 7A and 7B are cross-sectional views taken
along the lines V1la-VIla and VIIb-VIIb in FIG. 6A, respec-
tively. As shown in FIGS. 7A and 7B, when the first shadow
mask 160 including the first opening portions 162 and the first
blocking portion 164 is formed by etching a metal plate (not
shown), which has a first thickness “t1”, the first length “L.1”,
which is a horizontal distance between adjacent first opening
portions 162, may be larger than the second length “L.2”
which is a vertical distance between adjacent first opening
portions 162. In addition, the first width “w1” of the first
opening portion 162 may be larger than the first height “h1” of
the first opening portion 162. For example, the first length
“LL17, the second length “L.2”, the first width “w1” and the
first height “h1” may be about 38 micrometers, about 46.5
micrometers, about 49 micrometers and about 41.5 microme-
ters, respectively.

[0081] When the first opening portions 162 are formed, a
taper angel “0” should be maintained as about 59 degrees to
obtain a desired emitting layers. Since the width and height of
the first opening portion 162 are different and the horizontal
distance and the vertical distance between the adjacent first
opening portions 162 are different, the thickness of the block-
ing portion 164 is also different along the horizontal direction
and the vertical direction.

[0082] Namely, the firstwidth “w1” of the first opening 162
is larger than the first height “h1” of the first opening 162 such
that the metal plate is more etched with respect to the hori-
zontal direction. As a result, the blocking portion 164 has a
second thickness “t2” along the horizontal direction and a
third thickness “t3” along the vertical direction. The second
thickness “t2” is smaller than the first thickness “t1” of the
metal plate, and the third thickness “t3” is larger than the
second thickness “t2”. For example, the second and third
thicknesses “t2” and “t3” may be about 31.2 micrometers and
about 38.2 micrometers, respectively.

[0083] When the first shadow mask 160 is used for forming
the emitting layers, the first shadow mask 160 is fixed by a
frame. To fix the first shadow mask 160 to the frame, the first
shadow mask 160 should be stretched.
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[0084] To prevent deformation ofthe first shadow mask 160
when the first shadow mask 160 is stretched, the first shadow
mask 160 should have a thickness of about 40 micrometers.
However, a thickness of the above first shadow mask 160 is
smaller than 40 micrometers, there may be deformation in the
first shadow mask 160 when the first shadow mask 160 is
stretched. In addition, the first shadow mask 160 has a differ-
ence in a thickness along the horizontal direction and the
vertical direction, there is a difference in expansion such that
deformation of the first shadow mask 160 is further serious.
The deformation of the first shadow mask 160 causes a size
difference of the first opening portions 162 such that there are
problems in the emitting layers 132 and 134.

[0085] To prevent the deformation of the shadow mask, the
red and green sub-pixel regions are alternately arranged. This
arrangement of the sub-pixel regions is illustrated with refer-
ence to following drawings.

[0086] FIG. 8 is a schematic view showing pixel regions of
an OELD device according to a second embodiment of the
present invention. As shown in FIG. 8, an OELD device 210
includes first to fourth pixel regions “P1” to “P4” arranged in
a matrix shape. Each of the first to fourth pixel regions “P1”
to “P4” includes red, green and blue sub-pixel regions “SPr”,
“SPg” and “SPb”.

[0087] Each ofthe first to fourth pixel regions “P1” to “P4”
has a rectangular shape to have a horizontal length “H” and a
vertical length “V”. The red and green sub-pixel regions
“SPr” and “SPg” are alternately arranged with each otherina
first column of each of the first to fourth pixel regions “P1” to
“P4”, and the blue sub-pixel region “SPb” is arranged in a
second column of each of the first to fourth pixel regions “P1”
to “P4”.

[0088] Each ofthe first to fourth pixel regions “P1” to “P4”
is divided into the first and second columns along a horizontal
direction, and the first column is divided into first and second
rows along a vertical direction. The red sub-pixel region
“SPr” and the green sub-pixel region “SPg” are alternately
arranged in the first and second rows of the first column.
Namely, the red and green sub-pixel regions “SPr” and “SPg”
are alternately arranged with each other in the pixel regions
adjacent along the vertical direction. In other words, the red
and green sub-pixel regions “SPr” and “SPg” are alternately
arranged in the first column of the first and third pixel regions
“P1” and “P3”. In addition, the red and green sub-pixel
regions “SPr” and “SPg” are alternately arranged with each
other in the first column of the second and fourth pixel regions
“P2” and “P4”. As a result, in the first column, one green
sub-pixel region “SPg” is positioned between two adjacent
red sub-pixel regions “SPr”.

[0089] For example, when the red and green sub-pixel
regions “SPr” and “SPg” are respectively disposed in the first
and second rows of the first column in the first pixel region
“P17”, the green and red sub-pixel regions “SPg” and “SPr” are
respectively disposed in the first and second rows of the first
column in the third pixel region “P3” which is adjacent to the
first pixel region “P1” along the vertical direction.

[0090] In addition, the red and green sub-pixel regions
“SPr” and “SPg” are alternately arranged with each other in
the pixel regions adjacent along the horizontal direction. For
example, when the red and green sub-pixel regions “SPr’”” and
“SPg” are respectively disposed in the first and second rows
of the first column in the first pixel region “P17, the green and
red sub-pixel regions “SPg” and “SPr” are respectively dis-
posed in the first and second rows of the first column in the
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second pixel region “P2” which is adjacent to the first pixel
region “P1” along the horizontal direction.

[0091] With the above sub-pixel region arrangement, a dis-
tance between adjacent red sub-pixel regions “SPr” and
between adjacent green sub-pixel regions “SPg” is increased
such that a fabrication of the shadow mask becomes easy.
[0092] Theblue sub-pixel region “SPb” is positioned in the
second column. Red, green and blue emitting layers 232, 234
and 236 are respectively formed in the red, green and blue
sub-pixel regions “SPr”, “SPg” and “SPb”. The red, green and
blue emitting layers 232, 234 and 236 constitute an emitting
diode (not shown) with a first electrode (not shown) and a
second electrode (not shown). To prevent the shadowing
problem, the emitting layers 232, 234 and 236 are spaced
apart from each other by a first distance “d1”. For example,
the first distance “d1” may be about 22 micrometers.

[0093] Each of the red and green emitting layers 232 and
234 has a first width “w1”, i.e., a horizontal length, and a first
height “h1”, i.e., a vertical length. The blue emitting layer 236
has a second width “w2” and a second height “h2”. Namely,
each of the red, green and blue emitting layers 232, 234 and
236 has a rectangular shape. The red and green sub-pixel
regions “SPr” and “SPg” are positioned in the first column of
each of the pixel regions “P1” to “P4” such that the first width
“w1” is larger than the first height “h1”. On the contrary, the
blue sub-pixel region “SPb” is positioned in an entire of the
second column such that the second width “w2” is smaller
than the second height “h2”.

[0094] Thered, green and blue emitting layers 232,234 and
236 are formed by a thermal deposition using a shadow mask.
InFIG. 8, the red, green and blue emitting layers 232, 234 and
236 are overlapped portions ofthe first and second electrodes.
[0095] As mentioned above, in the OELD device 210
according to the second embodiment of the present invention,
the first and second columns are defined by dividing each of
the first to fourth pixel regions “P1” to “P4”, and the first and
second rows are defined by dividing the first column. The red
and green sub-pixel regions “SPr”” and “SPg” are alternately
arranged in the first column. The red and green sub-pixel
regions “SPr” and “SPg” are alternately arranged with each
other along the vertical direction and the horizontal direction.
The red, green and blue emitting layers 232, 234 and 236 are
respectively formed in the red, green and blue sub-pixel
regions “SPr”, “SPg” and “SPb”.

[0096] Accordingly, with compared to the related art
OELD device, where three sub-pixel regions are arranged
along a direction, there is a margin in reduction of the width
of the sub-pixel regions. As a result, there is a margin for
requirement of a high resolution. Namely, when an area, e.g.,
a width, of the red, green and blue sub-pixel regions “SPr”,
“SPg” and “SPb” is reduced with requirement of a high reso-
lution, there is a margin in reduction of the width of the red,
green and blue sub-pixel regions “SPr”, “SPg” and “SPb”
such that a shadow mask for forming the red, green and blue
emitting layers 232, 234 and 236 is easily fabricated.

[0097] In addition, a distance between adjacent red sub-
pixel regions “SPr” and between adjacent green sub-pixel
regions “SPg” is increased, the shadow mask for the red and
green sub-pixel regions “SPr” and “SPg” is further easily
fabricated.

[0098] FIG.9isaview showing ashadow mask used forred
and green emitting layers of an OELD device according to the
second embodiment of the present invention. The shadow
mask used for red and green emitting layers is illustrated with
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FIGS. 8 and 9. The shadow mask used for the blue emitting
layer is same as that in the first embodiment.

[0099] As shown in FIG. 9, the shadow mask 260 used for
forming the red and green sub-pixel regions 232 and 234
includes a plurality of opening portions 262 for transmitting
an emitting material and a blocking portion 264. An align
position of the shadow mask 260 for the red emitting layer
232 1s different from an align position of the shadow mask
260 for the green emitting layer 234. The shadow mask 260 is
moved along a vertical direction or a horizontal direction to
form one of the red and green emitting layers 232 and 234
after forming the other of the red and green emitting layers
232 and 234.

[0100] Each of the opening portions 262 corresponds to the
red emitting layer 232 or the green emitting layer 234 in each
of the pixel region “P1” to “P4”. Each of the opening portions
262 has a size substantially equal to the first width “w1” and
the first height “h1”. Accordingly, adjacent opening regions
262 along a vertical direction are spaced apart from each other
by a second length “I.2” corresponding to a summation of the
first height “h1” of the red emitting layer 232 or the green
emitting layer 234 and twice of the first distance “dl1”.
(L2~h1+2*d1) In addition, adjacent opening portions 262
along a diagonal direction are spaced apart from each other by
a fifth length “L5” which is calculated by a summation of the
second width “w2” of the blue emitting layer 236 and twice of
the first distance “d1” and the first distance “d1”. (L5~((w2+
2%d1)*+d1%)"? Alternatively, each of the first opening por-
tions 162 has a size larger the first width “w1” and the first
height “h1”.

[0101] The fifth length “L5” is larger than the first length
“L1”, which is a horizontal distance between adjacent first
opening portions 162 in the first embodiment, and closer to
the second length “I.2” than the first length “T.17.

[0102] Namely, a distance between adjacent opening por-
tions 262 is increased, the shadow mask 260 is easily fabri-
cated with a higher resolution. In addition, since the distances
between adjacent opening portions 262 along the vertical
direction and the diagonal direction become close, a thickness
difference of the blocking portion 264 of the shadow mask
260 is reduced such that deformation of the shadow mask 260
is prevented.

[0103] FIG. 10 is a schematic view showing pixel regions
of an OELD device according to a third embodiment of the
present invention. As shown in FIG. 10, an OELD device 310
includes first to fourth pixel regions “P1” to “P4” arranged in
a matrix shape. Each of the first to fourth pixel regions “P1”
to “P4” includes red, green and blue sub-pixel regions “SPr”,
“SPg” and “SPb”.

[0104] Each ofthe first to fourth pixel regions “P1” to “P4”
has a rectangular shape to have a horizontal length “H” and a
vertical length “V”. The red and green sub-pixel regions
“SPr” and “SPg” are alternately arranged with each other in a
first column of each of the first to fourth pixel regions “P1” to
“P4”, and the blue sub-pixel region “SPb” is arranged in a
second column of each of the first to fourth pixel regions “P1”
to “P4”.

[0105] Each ofthe first to fourth pixel regions “P1” to “P4”
is divided into the first and second columns along a horizontal
direction, and the first column is divided into first and second
rows along a vertical direction. The red sub-pixel region
“SPr” and the green sub-pixel region “SPg” are alternately
arranged in the first and second rows of the first column.
Namely, the red and green sub-pixel regions “SPr” and “SPg”



US 2014/0042418 Al

are alternately arranged with each other in the pixel regions
adjacent along the vertical direction. In other words, the red
and green sub-pixel regions “SPr”” and “SPg” are alternately
arranged in the first column of the first and third pixel regions
“P1” and “P3”. In addition, the red and green sub-pixel
regions “SPr” and “SPg” are alternately arranged with each
other in the first column of the second and fourth pixel regions
“P2” and “P4”. As a result, in the first column, one green
sub-pixel region “SPg” is positioned between two adjacent
red sub-pixel regions “SPr”.

[0106] In the vertically-arranged pixel regions “P1” and
“P3” or “P2” and “P4”, the same color sub-pixel regions are
arranged to be closer than different color sub-pixel regions.
For example, when the red and green sub-pixel regions “SPr”
and “SPg” are respectively disposed in the first and second
rows of the first column in the first pixel region “P1”, the
green and red sub-pixel regions “SPg” and “SPr” are respec-
tively disposed in the first and second rows of the first column
in the third pixel region “P3”. In this case, a distance between
the red and green sub-pixel regions “SPr” and “SPg” in each
of the first and third pixel regions “P1” and “P3” is larger than
that between the green sub-pixel region “SPg” in the first
pixel region “P1” and the green sub-pixel region “SPg” in the
second pixel region “P2”.

[0107] In addition, the red and green sub-pixel regions
“SPr” and “SPg” are alternately arranged with each other in
the pixel regions adjacent along the horizontal direction. For
example, when the red and green sub-pixel regions “SPr” and
“SPg” are respectively disposed in the first and second rows
of the first column in the first pixel region “P1”, the green and
red sub-pixel regions “SPg” and “SPr” are respectively dis-
posed in the first and second rows of the first column in the
second pixel region “P2” which is adjacent to the first pixel
region “P1” along the horizontal direction.

[0108] Similarly, the red and green sub-pixel regions “SPr”
and “SPg” are respectively arranged in the first and second
rows of the first column in the fourth pixel region “P4”. In this
case, a distance between the red and green sub-pixel regions
“SPr” and “SPg” in each of the second and fourth pixel
regions “P2” and “P4” is larger than that between the red
sub-pixel region “SPr” in the second pixel region “P2” and the
red sub-pixel region “SPr” in the fourth pixel region “P4”.
[0109] The same color sub-pixel regions are closely
arranged and closely arranged sub-pixel regions corresponds
to one opening portion of the shadow mask such that a size of
each opening portion of the shadow mask and a distance
between opening portions of the shadow mask is increased.
As aresult, a fabrication of the shadow mask becomes further
easy.

[0110] In addition, by alternately arranging the red and
green sub-pixel regions “SPr” and “SPg” along the horizontal
direction, a distance between adjacent red sub-pixel regions
“SPr” and between adjacent green sub-pixel regions “SPg” is
increased such that a fabrication of the shadow mask becomes
easy.

[0111] Theblue sub-pixel region “SPb” is positioned in the
second column. Red, green and blue emitting layers 332, 334
and 336 are respectively formed in the red, green and blue
sub-pixel regions “SPr”, “SPg” and “SPb”. The red, green and
blue emitting layers 332, 334 and 336 constitute an emitting
diode (not shown) with a first electrode (not shown) and a
second electrode (not shown). To prevent the shadowing
problem, the emitting layers 332, 334 and 336 are spaced
apart from each other by a first distance “d1”.
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[0112] Since there is no shadowing problem in the same
color emitting layers, the same color emitting layers are
spaced apart from each other by a second distance “d2” being
smaller than the first distance “d1”. For example, the first
distance “d1” may be about 22 micrometers, and the second
distance “d2” may be about 13 micrometers.

[0113] For example, when the red and green sub-pixel
regions “SPr” and “SPg” are respectively disposed in the first
and second rows of the first column in the first pixel region
“P1” and the green and blue sub-pixel regions “SPg” and
“SPr” are respectively disposed in the first and second rows of
the first column in the third pixel region “P3”, the red and
green emitting layers 332 and 334 in the first pixel region
“P1” and the green and red emitting layers 334 and 332 in the
third pixel region “P3” are spaced apart from each other by the
first distance “d1”, respectively, and the green emitting layer
334 in the first pixel region “P1” and the green emitting layer
334 in the third pixel region “P3” are spaced apart from each
other by the second distance “d2” being smaller than the first
distance “d1”.

[0114] Accordingly, with the same size pixel region, a size
of each of the red and green emitting layers 332 and 334 in the
third embodiment is larger than a size of each of the red and
green emitting layers 232 and 234 in the second embodiment.
[0115] Namely, each of the red and green emitting layers
332 and 334 has a first width “w1”, which is equal to the first
width “w1” in the second embodiment, and a third height
“h3”, which is larger than the first height “h1” in the second
embodiment. The blue emitting layer 336 has the second
width “w2” and the second height “h2” being larger than the
second width “w2”.

[0116] In FIG. 10, the first width “w1” is larger than the
third height “h3”. Alternatively, when the third height “h3” is
further increased, the third height “h3” may be larger than the
first width “w1”.

[0117] Thered, green and blue emitting layers 332,334 and
336 are formed by a thermal deposition using a shadow mask.
In FIG. 10, the red, green and blue emitting layers 332, 334
and 336 are overlapped portions of the first and second elec-
trodes.

[0118] As mentioned above, in the OELD device 310
according to the third embodiment of the present invention,
the first and second columns are defined by dividing each of
the first to fourth pixel regions “P1” to “P4”, and the first and
second rows are defined by dividing the first column. The red
and green sub-pixel regions “SPr” and “SPg” are alternately
arranged in the first column. The red and green sub-pixel
regions “SPr” and “SPg” are alternately arranged with each
other along the vertical direction and the horizontal direction.
In the first column of vertically adjacent pixel regions “P1”
and “P3” or “P2” and “P4”, the same color sub-pixel regions
are arranged to be closer than different color sub-pixel
regions. The red, green and blue emitting layers 332, 334 and
336 are respectively formed in the red, green and blue sub-
pixel regions “SPr”, “SPg” and “SPb”.

[0119] Accordingly, with compared to the related art
OELD device, where three sub-pixel regions are arranged
along a direction, there is a margin in reduction of the width
of the sub-pixel regions. As a result, there is a margin for
requirement of a high resolution. Namely, when an area, e.g.,
a width and a height, of the red, green and blue sub-pixel
regions “SPr”, “SPg” and “SPb” is reduced with requirement
of a high resolution, there is a margin in reduction of the area
of the red, green and blue sub-pixel regions “SPr”, “SPg” and
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“SPb” such that a shadow mask for forming the red, green and
blue emitting layers 332, 334 and 336 is easily fabricated.
[0120] In addition, the same color sub-pixel regions are
closely arranged and closely arranged sub-pixel regions cor-
responds to one opening portion of the shadow mask such that
a size of each opening portion of the shadow mask and a
distance between opening portions of the shadow mask is
increased. Moreover, by alternately arranging the red and
green sub-pixel regions “SPr” and “SPg” along the horizontal
direction, a distance between adjacent red sub-pixel regions
“SPr” and between adjacent green sub-pixel regions “SPg” is
increased. As a result, a fabrication of the shadow mask used
for the red and green emitting layers 342 and 344 becomes
easy.

[0121] In the OEDL device 310 according to the third
embodiment of the present invention, the red and green emit-
ting layers 332 and 334 are formed using the above shadow
mask. FIG. 11 is a view showing a shadow mask used for red
and green emitting layers of an OELD device according to the
third embodiment of the present invention. The shadow mask
used for the blue emitting layer is same as that in the first and
second embodiments.

[0122] Referring to FIG. 11 with FIG. 10, the shadow mask
360 used for forming the red and green emitting layers 332
and 334 includes a plurality of opening portions 362 for
transmitting an emitting material and a blocking portion 364.
An align position of the shadow mask 360 for the red emitting
layer 332 is different from an align position of the shadow
mask 360 for the green emitting layer 334. The shadow mask
360 is moved along a vertical direction or a horizontal direc-
tion to form one of the red and green emitting layers 332 and
334 after forming the other of the red and green emitting
layers 332 and 334.

[0123] Each of the opening portions 362 corresponds to
two adjacent red emitting layers 332 or two adjacent green
emitting layers 334 in vertically adjacent pixel regions. Each
of the opening portions 362 has the first width “w1” and a
fourth height “h4”. The fourth height “h4” is equal to a sum-
mation of twice of the third height “h3” of the red emitting
layer 332 or the green emitting layer 334 and the second
distance “d2”. (h4~2*h3+d2) Alternatively, the fourth height
“h4” may be larger than a summation of heights of two
adjacent red emitting layers 332 and a distance between two
adjacent red emitting layers 332.

[0124] The adjacent opening portions 362 in the shadow
mask 360 is space apart from each other along a diagonal
direction by a fifth length “I5” which is calculated by a
summation of the second width “w2” of the blue emitting
layer 336 and twice of the first distance “d1” and the first
distance “d1”. (L5~((w2+2%d1)*+d1*)** In addition, the
adjacent opening portions 362 in the shadow mask 360 is
space apart from each other along a vertical direction by a
sixth length “L6” corresponding to a summation of twice of
the third height “h3” of the red emitting layer 332 or the green
emitting layer 334, twice of the first distance “d1” and the
second distance “d2”. (L6~2%*h3+2*d1+d2)

[0125] The fourth height “h4” of each opening portion 362
is larger than the first height “h1” of each of the opening
portions 162 and 262 in the first and second embodiments,
and the sixth length “I.6”, which is a diagonal distance
between adjacent opening portions 362, is larger than the
second length “I.2”, which is a distance between vertically
adjacent opening portions 162 and 262, in the first and second
embodiments.

Feb. 13,2014

[0126] Namely, a distance between adjacent opening por-
tions 362 and a size of the opening portion 362 are increased,
the shadow mask 360 is easily fabricated with a higher reso-
lution. In addition, since the distances between adjacent
opening portions 362 along the vertical direction and the
diagonal direction become close, a thickness difference of the
blocking portion 364 of the shadow mask 360 is reduced such
that deformation of the shadow mask 360 is prevented.

[0127] FIG. 12 is a schematic view showing pixel regions
of an OELD device according to a fourth embodiment of the
present invention. The OELD device in FIG. 12 includes two
blue sub-pixel regions to further increase a distance between
the opening portions of the shadow mask.

[0128] As shown in FIG. 12, an OELD device 410 includes
first to fourth pixel regions “P1” to “P4” arranged in a matrix
shape. Each of the first to fourth pixel regions “P1” to “P4”
includes red, green and deep blue sub-pixel regions “SPr”,
“SPg” and “SPb1” or red, green and sky blue sub-pixel
regions “SPr”, “SPg” and “SPb2”.

[0129] Each of the first to fourth pixel regions “P1” to “P4”
has a rectangular shape to have a horizontal length “H” and a
vertical length “V”. The red and green sub-pixel regions
“SPr” and “SPg” are alternately arranged with each otherina
first column of each of the first to fourth pixel regions “P1” to
“P4”. In the vertically adjacent pixel regions, the same color
sub-pixel regions are closely arranged. The deep blue sub-
pixel region “SPb1” is arranged in a second column of one
pixel region, and the sky blue sub-pixel region “SPb2” is
arranged in a second column of another one pixel region. The
deep blue sub-pixel region “SPb1” and the sky blue sub-pixel
region “SPb2” are alternately arranged with each other along
the vertical direction and the horizontal direction.

[0130] Each ofthe first to fourth pixel regions “P1” to “P4”
is divided into the first and second columns along a horizontal
direction, and the first column is divided into first and second
rows along a vertical direction. The red sub-pixel region
“SPr” and the green sub-pixel region “SPg” are alternately
arranged in the first and second rows of the first column.
Namely, the red and green sub-pixel regions “SPr” and “SPg”
are alternately arranged with each other in the pixel regions
adjacent along the vertical direction. In other words, the red
and green sub-pixel regions “SPr” and “SPg” are alternately
arranged in the first column of the first and third pixel regions
“P1” and “P3”. In addition, the red and green sub-pixel
regions “SPr” and “SPg” are alternately arranged with each
other in the first column of the second and fourth pixel regions
“P2” and “P4”. As a result, in the first column, one green
sub-pixel region “SPg” is positioned between two adjacent
red sub-pixel regions “SPr”.

[0131] In the vertically-arranged pixel regions “P1” and
“P3” or “P2” and “P4”, the same color sub-pixel regions are
arranged to be closer than different color sub-pixel regions.
For example, when the red and green sub-pixel regions “SPr”
and “SPg” are respectively disposed in the first and second
rows of the first column in the first pixel region “P1”, the
green and red sub-pixel regions “SPg” and “SPr” are respec-
tively disposed in the first and second rows of the first column
in the third pixel region “P3”. In this case, a distance between
the red and green sub-pixel regions “SPr” and “SPg” in each
of the first and third pixel regions “P1” and “P3” is larger than
that between the green sub-pixel region “SPg” in the first
pixel region “P1” and the green sub-pixel region “SPg” in the
second pixel region “P2”.
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[0132] 1In addition, the red and green sub-pixel regions
“SPr” and *“SPg” are alternately arranged with each other in
the pixel regions adjacent along the horizontal direction. For
example, when the red and green sub-pixel regions “SPr” and
“SPg” are respectively disposed in the first and second rows
of the first column in the first pixel region “P1”, the green and
red sub-pixel regions “SPg” and “SPr” are respectively dis-
posed in the first and second rows of the first column in the
second pixel region “P2” which is adjacent to the first pixel
region “P1” along the horizontal direction.

[0133] Similarly, thered and green sub-pixel regions “SPr”
and “SPg” are respectively arranged in the first and second
rows of the first column in the fourth pixel region “P4”. In this
case, a distance between the red and green sub-pixel regions
“SPr” and “SPg” in each of the second and fourth pixel
regions “P2” and “P4” is larger than that between the red
sub-pixel region “SPr” in the second pixel region “P2” and the
red sub-pixel region “SPr” in the fourth pixel region “P4”.
[0134] The same color sub-pixel regions are closely
arranged and closely arranged sub-pixel regions corresponds
to one opening portion of the shadow mask such that a size of
each opening portion of the shadow mask and a distance
between opening portions of the shadow mask is increased.
As aresult, a fabrication of the shadow mask becomes further
easy.

[0135] In addition, by alternately arranging the red and
green sub-pixel regions “SPr” and “SPg” along the horizontal
direction, a distance between adjacent red sub-pixel regions
“SPr” and between adjacent green sub-pixel regions “SPg” is
increased such that a fabrication of the shadow mask becomes
easy.

[0136] Thedeep blue sub-pixel region “SPb1”, the sky blue
sub-pixel region “SPb2”, the deep blue sub-pixel region
“SPb1” and the sky blue sub-pixel region “SPb2” are respec-
tively disposed in the second columns of the first to fourth
pixel regions “P1”to “P4”. Since deep blue emitting layer 436
in the deep blue sub-pixel region “SPb1” and sky blue emit-
ting layer 438 in the sky blue sub-pixel region “SPb2” are
formed of different material, they cannot be formed in one
time. A shadow mask for the deep blue and sky blue emitting
layers 436 and 438 is illustrated below.

[0137] The red, green, deep blue and sky blue emitting
layers 432, 434, 436 and 438 are respectively formed in the
red sub-pixel region “SPr”, the green sub-pixel region “SPg”,
the deep blue sub-pixel region “SPb1” and the sky blue sub-
pixel region “SPb2”. The red, green, deep blue and sky blue
emitting layers 432, 434, 436 and 438 constitute an emitting
diode (not shown) with a first electrode (not shown) and a
second electrode (not shown). To prevent the shadowing
problem, the emitting layers 432,434, 436 and 438 are spaced
apart from each other by a first distance “d1”. Since there is no
shadowing problem in the same color emitting layers, the
same color emitting layers are spaced apart from each other
by a second distance “d2” being smaller than the first distance
“d1”.

[0138] For example, when the red and green sub-pixel
regions “SPr” and “SPg” are respectively disposed in the first
and second rows of the first column in the first pixel region
“P1” and the green and red sub-pixel regions “SPg” and “SPr”
are respectively disposed in the first and second rows of the
first column in the third pixel region “P3”, the red and green
emitting layers 432 and 334 in the first pixel region “P1” and
the green and red emitting layers 434 and 432 in the third pixel
region “P3” are spaced apart from each other by the first
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distance “d1”, respectively, and the green emitting layer 434
in the first pixel region and the green emitting layer 434 in the
third pixel region “P3” are spaced apart from each other by the
second distance “d2” being smaller than the first distance
“d1”.

[0139] Accordingly, with the same size pixel region, a size
of each of the red and green emitting layers 432 and 434 in the
third embodiment is larger than a size of each of the red and
green emitting layers 232 and 234 in the second embodiment.
[0140] Namely, each of the red and green emitting layers
432 and 434 has a first width “w1”, which is equal to the first
width “w1” in the second embodiment, and a third height
“h3”, which is larger than the first height “h1” in the second
embodiment. Each of the deep blue emitting layer 436 and the
sky blue emitting layer 438 has the second width “w2” and the
second height “h2” being larger than the second width “w2”.
[0141] In FIG. 12, the first width “w1” is larger than the
third height “h3”. Alternatively, when the third height “h3” is
further increased, the third height “h3” may be larger than the
first width “w1”.

[0142] The red, green, deep blue and sky blue emitting
layers 432, 434, 436 and 438 are formed by a thermal depo-
sition using a shadow mask. In FIG. 12, the red, green, deep
blue and sky blue emitting layers 432, 434, 436 and 438 are
overlapped portions of the first and second electrodes.
[0143] The deep blue emitting layer 436 and the sky blue
emitting layer 438 have an advantage and a disadvantage
depending on properties of the emitting material. The deep
blue emitting layer 436 has an advantage in a color reproduc-
tivity, while the sky blue emitting layer 438 has an advantage
in a life time and an emission efficiency.

[0144] Inthe OELD device 410, the deep blue and sky blue
emitting layers 436 and 438 are alternately arranged with
each other to obtain advantages of the deep blue and sky blue
emitting layers 436 and 438.

[0145] Namely, when the high color reproduction image is
displayed, the deep blue emitting layer 436 except the sky
blue emitting layer 438 is driven. In this case, the red and
green emitting layers 432 and 434 in the second pixel region
“P2” constitute one unit pixel “P21” with the deep blue emit-
ting layer 436 in the first pixel region “P1”. Namely, the red
and green sub-pixel regions “SPr” and “SPg” in the first pixel
region “P1” and the red and green sub-pixel regions “SPr” and
“SPg” in the second pixel region “P2” share the deep blue
sub-pixel region “SPb1”.

[0146] On the other hand, when a general image is dis-
played without the high color reproduction, the sky blue
emitting layer 438 except the deep blue emitting layer 436 is
driven. In this case, the red and green emitting layers 432 and
434 in the second pixel region “P2” constitute one unit pixel
“P22” with the sky blue emitting layer 438 in the second pixel
region “P2”. Namely, the red and green sub-pixel regions
“SPr” and “SPg” in the first pixel region “P1” and the red and
green sub-pixel regions “SPr” and “SPg” in the second pixel
region “P2” share the sky blue sub-pixel region “SPb2”.
[0147] As mentioned above, the deep blue emitting layer
436 and the sky blue emitting layer 438 are selectively driven
depending on the displayed image. In this case, by using a
rendering method, the unit pixel as a unit for displaying an
image is varied.

[0148] In the OELD device 410 according to the fourth
embodiment of the present invention, the first and second
columns are defined by dividing each of the first to fourth
pixel regions “P1” to “P4”, and the first and second rows are
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defined by dividing the first column. The red and green sub-
pixel regions “SPr” and “SPg” are alternately arranged in the
first column. The red and green sub-pixel regions “SPr” and
“SPg” are alternately arranged with each other along the
vertical direction and the horizontal direction. In the first
column of vertically adjacent pixel regions “P1” and “P3” or
“P2” and “P4”, the same color sub-pixel regions are arranged
to be closer than different color sub-pixel regions. The deep
blue sub-pixel region “SPb1” and the sky blue sub-pixel
region “SPb2” are respectively disposed in the second col-
umn of one pixel region and in the second column of another
one pixel region. The red, green, deep blue and sky blue
emitting layers 432, 434,436 and 438 are respectively formed
in the red, green, deep blue and sky blue sub-pixel regions
“SPr”, “SPg”, “SPb1” and “SPb2”.

[0149] Accordingly, with compared to the related art
OELD device, where three sub-pixel regions are arranged
along a direction, there is a margin in reduction of the width
of the sub-pixel regions. As a result, there is a margin for
requirement of a high resolution. Namely, when an area, e.g.,
awidth and a height, of the red, green, deep blue and sky blue
sub-pixel regions “SPr”, “SPg”, “SPb1” and “SPh2” is
reduced with requirement of a high resolution, there is a
margin in reduction of the area of the red red, green, deep blue
and sky blue sub-pixel regions “SPr”, “SPg”, “SPb1” and
“SPb2” such that a shadow mask for forming the red, green,
deep blue and sky blue emitting layers 432, 434, 436 and 438
1s easily fabricated.

[0150] In addition, the same color sub-pixel regions are
closely arranged and closely arranged sub-pixel regions cor-
responds to one opening portion of the shadow mask such that
a size of each opening portion of the shadow mask and a
distance between opening portions of the shadow mask is
increased. Moreover, by alternately arranging the red and
green sub-pixel regions “SPr” and “SPg” along the horizontal
direction, a distance between adjacent red sub-pixel regions
“SPr” and between adjacent green sub-pixel regions “SPg” is
increased. As a result, a fabrication of the shadow mask used
for the red and green emitting layers 432 and 434 becomes
easy.

[0151] Moreover, since the deep blue emitting layer 436 in
the deep blue sub-pixel region “SPb1” and the sky blue emit-
ting layer 438 in the sky blue sub-pixel region “SPb2” are
formed in different process, a distance between the opening
portions of the shadow mask for used the deep blue emitting
layer 436 and the sky blue emitting layer 438 is increased
such that a fabrication of the shadow mask used for the deep
blue emitting layer 436 and the sky blue emitting layer 438
becomes easy.

[0152] The shadow mask used for the deep blue emitting
layer 436 and the sky blue emitting layer 438 is illustrated
with FIG. 13. FIG. 13 is a view showing a shadow mask used
for deep blue and sky blue emitting layers of an OELD device
according to the fourth embodiment of the present invention.
The shadow mask used for the red and green emitting layers
is same as that in the third embodiment.

[0153] Referring to FIG. 13 with FIG. 12, a shadow mask
470 used for forming the deep blue emitting layer 436 and the
sky blue emitting layer 438 includes a plurality of opening
portions 472 for transmitting an emitting material and a
blocking portion 474. An align position of the shadow mask
470 for the deep blue emitting layer 436 is different from an
align position of the shadow mask 470 for the sky blue emit-
ting layer 438. The shadow mask 470 is moved along a
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vertical direction or a horizontal direction to form one of the
deep blue and sky blue emitting layers 436 and 438 after
forming the other of the deep blue and sky blue emitting
layers 436 and 438.

[0154] Each of the opening portions 472 corresponds to the
deep blue emitting layer 436 or the sky blue emitting layer
438 in the OELD device 410. Each of the opening portions
472 has a second width “w2” and a second height “h2”.
Namely, each of the opening portions 472 has substantially
the same size as the deep blue emitting layer 436 or the sky
blue emitting layer 438. Alternatively, each of the opening
portions 472 may have a size larger than the deep blue emit-
ting layer 436 or the sky blue emitting layer 438.

[0155] The adjacent opening portions 472 of the shadow
mask 470 are spaced apart from each other by a seventh length
“L7” along a diagonal direction. The seventh length “.7” 1s
obtained by a summation of the first width “w1” and twice of
the first distance “d1”, and the first distance “d1”. (L7~((w1+
2*d1)?+d1?)"* In addition, the adjacent opening portions 472
in the shadow mask 470 is space apart from each other by an
eighth length “L8” along a vertical direction. The eighth
length “L8” corresponds to a summation of twice of the
second height “h2” of the deep blue emitting layer 436 or the
sky blue emitting layer 438 and twice of the first distance
“d1”. (L8~h2+2*d1)

[0156] Namely, a distance between adjacent opening por-
tions 472 is increased, the shadow mask 470 is easily fabri-
cated with a higher resolution. In addition, since the distances
between adjacent opening portions 472 along the vertical
direction and the diagonal direction become close, a thickness
difference of the blocking portion 474 of the shadow mask
470 is reduced such that deformation of the shadow mask 470
is prevented.

[0157] To further easily fabricate the shadow mask, the
distance between opening portions is further increase by
removing edges of each opening. FIG. 14 is a schematic view
showing pixel regions of an OELD device according to a fifth
embodiment of the present invention.

[0158] As shown in FIG. 14, an OELD device 510 includes
first to fourth pixel regions “P1” to “P4” arranged in a matrix
shape. Fach of the first to fourth pixel regions “P1” to “P4”
includes red, green and blue sub-pixel regions “SPr”, “SPg”
and “SPb”.

[0159] Each ofthe first to fourth pixel regions “P1” to “P4”
has a rectangular shape to have a horizontal length “H” and a
vertical length “V”. The red and green sub-pixel regions
“SPr” and “SPg” are alternately arranged with each other in a
first column of each of the first to fourth pixel regions “P1” to
“P4”, and the blue sub-pixel region “SPb” is arranged in a
second column of each of the first to fourth pixel regions “P1”
to “P4”.

[0160] Each ofthe first to fourth pixel regions “P1” to “P4”
is divided into the first and second columns along a horizontal
direction, and the first column is divided into first and second
rows along a vertical direction. The red sub-pixel region
“SPr” and the green sub-pixel region “SPg” are alternately
arranged in the first and second rows of the first column.
Namely, the red and green sub-pixel regions “SPr” and “SPg”
are alternately arranged with each other in the pixel regions
adjacent along the vertical direction. In other words, the red
and green sub-pixel regions “SPr” and “SPg” are alternately
arranged in the first column of the first and third pixel regions
“P1” and “P3”. In addition, the red and green sub-pixel
regions “SPr” and “SPg” are alternately arranged with each
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other in the first column of the second and fourth pixel regions
“P2” and “P4”. As a result, in the first column, one green
sub-pixel region “SPg” is positioned between two adjacent
red sub-pixel regions “SPr”.

[0161] In the vertically-arranged pixel regions “P1” and
“P3” or “P2” and “P4”, the same color sub-pixel regions are
arranged to be closer than different color sub-pixel regions.
For example, when the red and green sub-pixel regions “SPr”
and “SPg” are respectively disposed in the first and second
rows of the first column in the first pixel region “P1”, the
green and red sub-pixel regions “SPg” and “SPr” are respec-
tively disposed in the first and second rows of the first column
in the third pixel region “P3”. In this case, a distance between
the red and green sub-pixel regions “SPr” and “SPg” in each
of the first and third pixel regions “P1” and “P3” is larger than
that between the green sub-pixel region “SPg” in the first
pixel region “P1” and the green sub-pixel region “SPg” in the
second pixel region “P2”.

[0162] In addition, the red and green sub-pixel regions
“SPr” and “SPg” are alternately arranged with each other in
the pixel regions adjacent along the horizontal direction. For
example, when the red and green sub-pixel regions “SPr” and
“SPg” are respectively disposed in the first and second rows
of the first column in the first pixel region “P1”, the green and
red sub-pixel regions “SPg” and “SPr” are respectively dis-
posed in the first and second rows of the first column in the
second pixel region “P2” which is adjacent to the first pixel
region “P1” along the horizontal direction.

[0163] Similarly, the red and green sub-pixel regions “SPr”
and “SPg” are respectively arranged in the first and second
rows of the first column in the fourth pixel region “P4”. In this
case, a distance between the red and green sub-pixel regions
“SPr” and “SPg” in each of the second and fourth pixel
regions “P2” and “P4” is larger than that between the red
sub-pixel region “SPr” in the second pixel region “P2” and the
red sub-pixel region “SPr” in the fourth pixel region “P4”.

[0164] The same color sub-pixel regions are closely
arranged and closely arranged sub-pixel regions corresponds
to one opening portion of the shadow mask such that a size of
each opening portion of the shadow mask and a distance
between opening portions of the shadow mask is increased.
As aresult, a fabrication of the shadow mask becomes further
easy.

[0165] In addition, by alternately arranging the red and
green sub-pixel regions “SPr” and “SPg” along the horizontal
direction, a distance between adjacent red sub-pixel regions
“SPr” and between adjacent green sub-pixel regions “SPg” is
increased such that a fabrication of the shadow mask becomes
easy.

[0166] Theblue sub-pixel region “SPb” is positioned in the
second column. Red, green and blue emitting layers 532, 534
and 536 are respectively formed in the red, green and blue
sub-pixel regions “SPr”, “SPg” and “SPb”. The red, green and
blue emitting layers 532, 534 and 536 constitute an emitting
diode (not shown) with a first electrode (not shown) and a
second electrode (not shown). To prevent the shadowing
problem, the emitting layers 332, 334 and 336 are spaced
apart from each other by a first distance “d1”.

[0167] Since there is no shadowing problem in the same
color emitting layers, the same color emitting layers are
spaced apart from each other by a second distance “d2” being
smaller than the first distance “d1”. For example, the first
distance “d1” may be about 22 micrometers.
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[0168] For example, when the red and green sub-pixel
regions “SPr” and “SPg” are respectively disposed in the first
and second rows of the first column in the first pixel region
“P1” and the green and blue sub-pixel regions “SPg” and
“SPr” are respectively disposed in the first and second rows of
the first column in the third pixel region “P3”, the red and
green emitting layers 532 and 534 in the first pixel region
“P1” and the green and red emitting layers 534 and 532 in the
third pixel region “P3” are spaced apart from each other by the
first distance “d1”, respectively, and the green emitting layer
534 in the first pixel region “P1” and the green emitting layer
534 in the third pixel region “P3” are spaced apart from each
other by the second distance “d2” being smaller than the first
distance “d1”".

[0169] Accordingly, with the same size pixel region, a size
of each of the red and green emitting layers 532 and 534 in the
third embodiment is larger than a size of each of the red and
green emitting layers 232 and 234 in the second embodiment.
[0170] Two corners of each of the red and green emitting
layers 532 and 534 are removed. In each pixel region, first and
second corners of the red emitting layer 532 and second and
fourth corners, which respectively face the first and second
corners, of the green emitting layer 534 are removed. In other
words, when two adjacent same color emitting layers in ver-
tically adjacent two pixel regions are defined one emitting
layer group, four outer corners of the one emitting layer group
are removed.

[0171] For example, when the green emitting layer 534 is
disposed in the second row of the first column in the first pixel
region “P1” and in the first row of the first column in the third
pixel region “P3”, four outer corners, i.e., upper two corners
of the green emitting layer 534 in the second row of the first
column in the first pixel region “P1” and lower two corners of
the green emitting layer 534 in the first row ofthe first column
in the third pixel region “P3”, of the emitting layer group
including two green emitting layers 534 are removed.
[0172] The removed portion may be an isosceles triangle
having a side of “a”. To remove corners of the emitting layers
means to change an exposed area of the first electrode through
the opening 128a (of FIG. 5) of the bank 128 (of FIG. 5).
[0173] Each of the red and green emitting layers 532 and
534 has a rectangular shape, which has a first width “w1” and
athird height “h3” larger than the first height “h1” and corners
of which are removed. Namely, each of the red and green
emitting layers 532 and 534 has a modified hexagonal shape,
and the emitting layer group has a modified octagonal shape.
The blue emitting layer 536 has the second width “w2” and
the second height “h2” being larger than the second width
“w2”.

[0174] In FIG. 14, the first width “w1” is larger than the
third height “h3”. Alternatively, when the third height “h3” is
further increased, the third height “h3” may be larger than the
first width “w1”.

[0175] As mentioned above, in the OELD device 510
according to the fifth embodiment of the present invention,
the first and second columns are defined by dividing each of
the first to fourth pixel regions “P1” to “P4”, and the first and
second rows are defined by dividing the first column. The red
and green sub-pixel regions “SPr” and “SPg” are alternately
arranged in the first column. The red and green sub-pixel
regions “SPr” and “SPg” are alternately arranged with each
other along the vertical direction and the horizontal direction.
In the first column of vertically adjacent pixel regions “P1”
and “P3” or “P2” and “P4”, the same color sub-pixel regions
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are arranged to be closer than different color sub-pixel
regions. The red, green and blue emitting layers 532, 534 and
536 are respectively formed in the red, green and blue sub-
pixel regions “SPr”, “SPg” and “SPb”.

[0176] Accordingly, with compared to the related art
OELD device, where three sub-pixel regions are arranged
along a direction, there is a margin in reduction of the width
of the sub-pixel regions. As a result, there is a margin for
requirement of a high resolution. Namely, when an area, e.g.,
a width and a height, of the red, green and blue sub-pixel
regions “SPr”, “SPg” and “SPb” is reduced with requirement
of a high resolution, there is a margin in reduction of the area
of the red, green and blue sub-pixel regions “SPr”, “SPg” and
“SPb” such that a shadow mask for forming the red, green and
blue emitting layers 532, 534 and 536 is easily fabricated.

[0177] In addition, the same color sub-pixel regions are
closely arranged and closely arranged sub-pixel regions cor-
responds to one opening portion of the shadow mask such that
a size of each opening portion of the shadow mask and a
distance between opening portions of the shadow mask is
increased. Moreover, by alternately arranging the red and
green sub-pixel regions “SPr” and “SPg” along the horizontal
direction, a distance between adjacent red sub-pixel regions
“SPr” and between adjacent green sub-pixel regions “SPg” is
increased. As a result, a fabrication of the shadow mask used
for the red and green emitting layers 542 and 544 becomes
easy.

[0178] Moreover, two corners of each of the red and green
emitting layers 532 and 534 are removed such that a distance
between adjacent opening portion of the shadow mask for the
red and green emitting layers 532 and 534 is increased. As a
result, a fabrication of the shadow mask used for the red and
green emitting layers 542 and 544 becomes further easy.

[0179] In the OEDL device 510 according to the fifth
embodiment of the present invention, the red and green emit-
ting layers 532 and 534 are formed using the above shadow
mask. FIG. 15 is a view showing a shadow mask used forred
and green emitting layers of an OELD device according to the
fifth embodiment of the present invention. The shadow mask
used for the blue emitting layer is same as that in the first to
third embodiments.

[0180] Referringto FIG. 15 with FIG. 14, the shadow mask
560 used for forming the red and green emitting layers 532
and 534 includes a plurality of opening portions 562 for
transmitting an emitting material and a blocking portion 564.
An align position of the shadow mask 560 for the red emitting
layer 532 is different from an align position of the shadow
mask 560 for the green emitting layer 534. The shadow mask
560 is moved along a vertical direction or a horizontal direc-
tion to form one of the red and green emitting layers 532 and
534 after forming the other of the red and green emitting
layers 532 and 534.

[0181] Each of the opening portions 562 corresponds to
two adjacent red emitting layers 532 or two adjacent green
emitting layers 534 in vertically adjacent pixel regions. Each
of the opening portions 562 has the first width “w1” and a
fourth height “hd4”. The fourth height “h4” is equal to a sum-
mation of twice of the third height “h3” of the red emitting
layer 532 or the green emitting layer 534 and the second
distance “d2”. (h4~2*h3+d2) Alternatively, the fourth height
“h4” may be larger than a summation of heights of two
adjacent red emitting layers 532 and a distance between two
adjacent red emitting layers 532.
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[0182] Each of the opening portions 562 corresponds to one
emitting layer group. Namely, each of the opening portions
562 corresponds to two adjacent red emitting layers 532. Four
corners of therectangular shape are removed such that each of
the opening portions 562 has a modified octagonal shape. The
removed portion may be an isosceles triangle having a side of
“a”. For example, “a” may be larger than about 3 microme-
ters.

[0183] Accordingly, the adjacent opening portions 562 in
the shadow mask 560 is space apart from each other along a
diagonal direction by a ninth length “L9”. The ninth length
“L9” is larger than the fifth length “I5” (of FIG. 11) as much
as twice of a height of removed triangle. (L9~((w2+2*d1)*+
d1?)'24+2%a/2'"2) In addition, the adjacent opening portions
562 in the shadow mask 560 is space apart from each other
along a vertical direction by a sixth length “L.6” correspond-
ing to a summation of twice of the third height “h3” of the red
emitting layer 532 or the green emitting layer 534, twice of
the first distance “d1” and the second distance “d2”.
(L6~27h3+2%d1+d2)

[0184] The fourth height “h4” of each opening portion 562
is larger than the first height “h1” of each of the opening
portions 162 and 262 in the first and second embodiments,
and the sixth length “L.6”, which is a distance between verti-
cally adjacent opening portions 562, is larger than the second
length “I.2”, which is a distance between vertically adjacent
opening portions 162 and 262, in the first and second embodi-
ments.

[0185] Inaddition, the ninth length “I.9”, which is a diago-
nal distance between adjacent opening portions 562, is larger
than the fifth length “I5”, which is a diagonal distance
between adjacent opening portions 362 and 462, in the third
and fourth embodiments.

[0186] Accordingly, a distance between adjacent opening
portions 562 and a size of the opening portion 562 are
increased, the shadow mask 560 is easily fabricated with a
higher resolution. In addition, since the distances between
adjacent opening portions 562 along the vertical direction and
the diagonal direction become close, a thickness difference of
the blocking portion 564 of the shadow mask 560 is reduced
such that deformation of the shadow mask 560 is prevented.

[0187] As mentioned above, in the OELD device according
to the present invention, the red and green sub-pixel regions
are alternately arranged in a first column of the pixel region
and the blue sub-pixel region is arranged in a second column
of the pixel region such that there are advantages in an aper-
ture ratio and a resolution. In addition, the same color sub-
pixel regions in vertically adjacent pixel region are closely
arranged such that a fabrication of the shadow mask becomes
easy.

[0188] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spiritor scope of
the invention. Thus, it is intended that the present invention
cover the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:
1. An organic electroluminescent display device, compris-
ing:
a first pixel region including a first red sub-pixel region, a
first green sub-pixel region and a first blue sub-pixel
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region, wherein the first red and green sub-pixel regions
are positioned at a first side of the first blue sub-pixel
region;

a first red emitting area in the first red sub-pixel region;

a first green emitting area in the first green sub-pixel
region; and

a first blue emitting area in the first blue sub-pixel region,

wherein the first red emitting area has a first shape having
a first vertical length and a first horizontal length being
larger than the first vertical length, and the first green
emitting area has a second shape having a second verti-
cal length and a second horizontal length being larger
than the second vertical length, and

wherein the first blue emitting area has a third shape having
athird horizontal length and a third vertical length being
larger than the third horizontal length.

2. The deviceaccording to claim 1, wherein the first red and
green emitting areas are substantially the same distance away
from the first blue emitting area.

3. The device according to claim 2, further comprising:

a second pixel region including a second red sub-pixel
region, a second green sub-pixel region and a second
blue sub-pixel region, the second red and green sub-
pixel regions being positioned at a second side of the
second blue sub-pixel region;

a second red emitting area in the second red sub-pixel
region;

a second green emitting area in the second green sub-pixel
region; and

a second blue emitting area in the second blue sub-pixel
region.

4. The device according to claim 3, wherein the second red
emitting area has a fourth shape having a fourth vertical
length and a fourth horizontal length being larger than the
fourth vertical length, and the second green emitting area has
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afifth shape having a fifth vertical length and a fifth horizontal
length being larger than the fifth vertical length, and
wherein the second blue emitting area has a sixth shape
having a sixth horizontal length and a sixth vertical
length being larger than the sixth horizontal length.

5. The device according to claim 3, wherein the first and
second pixel regions are adjacently arranged in a horizontal
direction, and the first red and green emitting areas and the
second red and green emitting areas are arranged in a matrix
shape, and

wherein the first and second red emitting areas are posi-

tioned along a diagonal direction.

6. The device according to claim 3, wherein the first and
second pixel regions are adjacently arranged in a vertical
direction, and the first and second red emitting areas or the
first and second green emitting areas are adjacently arranged,
and a first distance between adjacent first and second red
emitting areas or adjacent first and second green emitting
areas is smaller than a second distance between the first red
and green emitting areas in the first pixel region.

7. The device according to claim 6, wherein the adjacent
first and second red emitting areas or the adjacent first and
second green emitting areas form an emitting area group, and
four outer corners of the emitting area group is removed.

8. The device according to claim 6, wherein a third distance
between each of the first red and green emitting areas and the
first blue emitting area in the first pixel region is equal to the
second distance.

9. The device according to claim 3, wherein the first blue
emitting area is a deep blue emitting area, and the second blue
emitting area is a sky blue emitting area, and wherein the deep
and sky blue emitting areas are alternately arranged with each
other.
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