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(54) ORGANIC LIGHT EMITTING DISPLAY DEVICE

(57) Disclosed is an organic light emitting display device which is capable of maximizing a luminance improvement
by an appropriate arrangement of a white pixel in a pixel, wherein the organic light emitting display device comprises a
plurality of pixels, wherein each pixel includes a first subpixel for emitting first-color light, a second subpixel for emitting
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Description

BACKGROUND

Technical Field

[0001] Embodiments of the present disclosure relate
to an organic light emitting display device.

Description of the Related Art

[0002] With the advancement of an information-orient-
ed society, various requirements for the display device
of displaying an image are increasing. Thus, various dis-
play devices of a liquid crystal display (LCD) devices, a
plasma display panel (PDP) devices, and an organic light
emitting display (OLED) device have been utilized.
[0003] The OLED device is a self light emitting display
device. In comparison to the LCD device, the OLED de-
vice has wider viewing angle and greater contrast ratio.
Also, the OLED device may be fabricated with a light-
weight and slim size as it does not need a separate light
source, unlike the LCD device, and furthermore the
OLED device is favorable in view of power consumption.
In addition, the OLED device may be driven by a low D.C.
voltage, and a response speed of the OLED device is
rapid. Especially, the OLED device may have the advan-
tage of low manufacturing cost.
[0004] The OLED device may include pixels respec-
tively provided with organic light emitting devices, and a
bank for dividing the pixels so as to define the pixels. The
bank functions as a pixel defining film. The organic light
emitting device may include an anode electrode, a hole
transporting layer, an organic light emitting layer, an elec-
tron transporting layer, and a cathode electrode. In this
case, when a high potential voltage is applied to the an-
ode electrode, and a low potential voltage is applied to
the cathode electrode, holes and electrons are respec-
tively moved to the organic light emitting layer via the
hole transporting layer and the electron transporting lay-
er, and are then combined to one another in the organic
light emitting layer, thereby emitting light.
[0005] For realizing high resolution, respective pixels
may include a red pixel(s) for emitting red light, a green
pixel(s) for emitting green light, a blue pixel(s) for emitting
blue light, and a white subpixel for emitting white light. In
this case, the high resolution is highly influenced by the
white subpixel.

BRIEF SUMMARY

[0006] Accordingly, embodiments of the present dis-
closure are directed to an organic light emitting display
device that substantially obviates one or more problems
due to limitations and disadvantages of the related art.
[0007] An aspect(s)=of embodiments of the present
disclosure is directed to providing an organic light emit-
ting display device which is capable of maximizing a lu-

minance improvement by an appropriate arrangement of
a white subpixel(s) in a plurality of color pixels.
[0008] Additional advantages and features of embod-
iments of the disclosure will be set forth in part in the
description herein and in part will become apparent to
those having ordinary skill in the art upon examination of
the description herein or may be learned from practicing
the embodiments of the disclosure. The objectives and
other advantages of embodiments of the disclosure may
be realized and attained by the structure particularly
pointed out in the written description and claims hereof
as well as the appended drawings.
[0009] To achieve these and other advantages and in
accordance with the purpose of embodiments of the dis-
closure, as embodied and broadly described herein,
there is provided an organic light emitting display (OLED)
device including a plurality of pixels, wherein each pixel
includes a first subpixel for emitting a first color light, a
second subpixel for emitting a second color light, a third
subpixel for emitting a third color light, and a fourth sub-
pixel for emitting a fourth color light, wherein the fourth
subpixel for each pixel is disposed between the first and
second subpixels, and between the first and third sub-
pixels.
[0010] It is to be understood that both the foregoing
general description and the following detailed description
of embodiments of the present disclosure are examples
and explanatory and are intended to provide further ex-
planation of the invention as claimed.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWINGS

[0011] The accompanying drawings, which are includ-
ed to provide a further understanding of embodiments of
the disclosure and are incorporated in and constitute a
part of this application, illustrate embodiment(s) of the
disclosure and together with the description serve to ex-
plain the principle of embodiments of the disclosure. In
the drawings:

FIG. 1 is a perspective view illustrating an OLED
device according to one embodiment of the present
disclosure;
FIG. 2 is a plane view illustrating, among others, a
first substrate, a gate driver, a source drive IC, a
flexible film, a circuit board, and a timing controller
of FIG. 1;
FIG. 3 is a plane view illustrating one example of
pixels in a display area;
FIG. 4A is an example cross sectional view along I-
I’ of FIG. 3;
FIG. 4B is another example cross sectional view
along I-I’ of FIG. 3
FIG. 5 is an enlarged cross sectional view illustrating
’A’ portion of FIG. 4A;
FIG. 6 is a plane view illustrating another example
of pixels in a display area;
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FIG. 7 is a plane view illustrating another example
of pixels in a display area; and
FIG. 8 is a plane view illustrating another example
of pixels in a display area.
FIGS. 9A and 9B are plane views illustrating another
examples of pixels in a display area.

DETAILED DESCRIPTION

[0012] Reference will now be made in detail to the ex-
ample embodiments of the present disclosure, examples
of which are illustrated in the accompanying drawings.
Wherever possible, the same reference numbers will be
used throughout the drawings to refer to the same or like
parts.
[0013] Advantages and features of the present disclo-
sure, and implementation methods thereof will be clari-
fied through example embodiments described herein
with reference to the accompanying drawings. The
present disclosure may, however, be embodied in differ-
ent forms and should not be construed as limited to the
example embodiments set forth herein. Rather, these ex-
ample embodiments are provided to facilitate a thorough
and complete understanding of the disclosure, and to
convey the scope of the present disclosure to those
skilled in the art. Further, the scope of the present inven-
tion is only defined by the claims.
[0014] A shape, a size, a ratio, an angle, a scale, and
a number disclosed in the drawings for describing em-
bodiments of the present disclosure are merely an ex-
ample(s), and thus, the present disclosure is not limited
to the illustrated details. Like reference numerals refer to
like elements throughout. In the following description,
when the detailed description of the relevant known func-
tion or configuration is determined to unnecessarily ob-
scure the important point of the present disclosure, the
detailed description will be omitted.
[0015] In a case where ’comprise’, ’have’, and ’include’
described in the present specification are used, another
part may be added unless ’only∼’ is used. The terms of
a singular form may include plural forms unless referred
to the contrary.
[0016] In construing an element, the element is con-
strued as including an error region although there is no
explicit description.
[0017] In describing a position relationship, for exam-
ple, when the positional order is described as ’on∼’,
’above∼’, ’below∼’, and ’next∼’, a case which is not con-
tact may be included unless ’just’ or ’direct’ is used.
[0018] In describing a time relationship, for example,
when the temporal order is described as ’after∼’, ’subse-
quent∼’, ’next∼’, and ’before∼’, a case which is not con-
tinuous may be included unless ’just’ or ’direct’ is used.
[0019] It will be understood that, although the terms
"first", "second", etc., may be used herein to describe
various elements, these elements should not be limited
by these terms. These terms are only used to distinguish
one element from another. For example, a first element

could be termed a second element, and, similarly, a sec-
ond element could be termed a first element, without de-
parting from the scope of the present disclosure.
[0020] Also, "X-axis direction", "Y-axis direction", and
"Z-axis direction" are not limited to a perpendicular geo-
metric configuration. That is, "X-axis direction", "Y-axis
direction", and "Z-axis direction may include an applica-
ble wide range of a functional configuration.
[0021] Also, it should be understood that the term "at
least one" includes all combinations related with any one
item. For example, "at least one among a first element,
a second element and a third element" may include all
combinations of two or more elements selected from the
first, second and third elements as well as each element
of the first, second and third elements. Also, if it is men-
tioned that a first element is positioned "on or above" a
second element, it should be understood that the first
and second elements may be brought into contact with
each other, or a third element may be interposed between
the first and second elements.
[0022] Features of various embodiments of the present
disclosure may be partially or overall coupled to or com-
bined with each other, and may be variously inter-oper-
ated with each other and driven technically as those
skilled in the art can sufficiently understand. The embod-
iments of the present disclosure may be carried out in-
dependently from each other, or may be carried out to-
gether in co-dependent relationship.
[0023] Hereinafter, an organic light emitting display
(OLED) device according to the embodiment of the
present disclosure will be described in detail with refer-
ence to the accompanying drawings.
[0024] FIG. 1 is a perspective view illustrating an OLED
device according to one embodiment of the present dis-
closure. FIG. 2 is a plane view illustrating a first substrate,
a gate driver, a source drive IC, a flexible film, a circuit
board, and a timing controller of FIG. 1.
[0025] Referring to FIGs. 1 and 2, a display device 100
according to one embodiment of the present disclosure
may include a display panel 110, a gate driver 120, a
source drive integrated circuit (source drive IC) 130, a
flexible film 140, a circuit board 150, and a timing con-
troller 160.
[0026] The display panel 110 may include a first sub-
strate 111 and a second substrate 112. The second sub-
strate 112 may be an encapsulation substrate. The first
substrate 111 may be a plastic film or a glass substrate.
The second substrate 112 may be a plastic film, a glass
substrate, and/or an encapsulation film (or protection
film).
[0027] On one surface of the first substrate 111 con-
fronting the second substrate 112, there are gate lines,
data lines and pixels (not shown for simplicity). The pixels
are prepared in respective areas defined by crossing the
gate lines and the data lines. A pixel may include multiple
subpixels.
[0028] Each of the pixels or subpixels thereof may in-
clude a thin film transistor, and an organic light emitting
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device including a first electrode, an organic light emitting
layer, and a second electrode. If a gate signal is supplied
from a gate line to each pixel through the thin film tran-
sistor, a predetermined current is supplied to the organic
light emitting device in accordance with a data voltage
of a data line. Accordingly, the organic light emitting de-
vice for each of the pixels may emit light with a predeter-
mined brightness in accordance with the predetermined
current. A structure(s) of the pixels and/or the subpixels
will be described in detail with reference to FIGs. 3 to 8.
[0029] As shown in FIG. 2, the display panel 110 may
include a display area (DA) provided with the pixels for
displaying an image, and a non-display area (NDA) in
which an image is not displayed. The gate lines, the data
lines, and the pixels may be provided in the display area
(DA), and the gate driver 120 and pads may be provided
in the non-display area (NDA).
[0030] The gate driver 120 supplies gate signals to the
gate lines in accordance with a gate control signal which
is input from the timing controller 160. The gate driver
120 may be provided in one side of the display area (DA)
of the display panel 110, or the non-display area (NDA)
of both peripheral sides of the display panel 110 by a
gate driver in panel (GIP) method. In another way, the
gate driver 120 may be manufactured in a driving chip,
may be mounted on the flexible film, and may be attached
to one side of the display area (DA) of the display panel
110, or the non-display area (NDA) of both peripheral
sides of the display panel 110 by a tape automated bond-
ing (TAB) method.
[0031] The source drive IC 130 receives digital video
data and source control signals from the timing controller
160. The source drive IC 130 converts the digital video
data into analog data voltages in accordance with the
source control signal, and supplies the analog data volt-
ages to the data lines. If the source drive IC 130 is man-
ufactured in a driving chip, the source drive IC 130 may
be mounted on the flexible film 140 by a chip on film
(COF) method or a chip on plastic (COP) method.
[0032] The pads such as data pads may be provided
in the non-display area (NDA) of the display panel 110.
In the flexible film 140, there are lines for connecting the
pads with the source drive IC 130, and lines for connect-
ing the pads with the lines of the circuit board 150. The
flexible film 140 is attached to the pads by the use of
anisotropic conducting film, whereby the pads may be
connected with the lines of the flexible film 140.
[0033] The circuit board 150 may be attached to the
flexible film 140. A plurality of circuits, which are imple-
mented in a plurality of driving chips, may be included in,
e.g., mounted on, the circuit board 150. For example, the
timing controller 160 may be mounted on the circuit board
150. The circuit board 150 may be a printed circuit board
or a flexible printed circuit board.
[0034] The timing controller 160 receives digital video
data and a timing signal from an external system board
via a cable of the circuit board 150. The timing controller
160 generates the gate control signal for controlling an

operation timing of the gate driver 120 and the source
control signal for controlling the source drive IC 130 on
the basis of the timing signal. The timing controller 160
supplies the gate control signal to the gate driver 120,
and supplies the source control signal to the source drive
IC 130.
[0035] FIG. 3 is a plane view illustrating one example
of the pixels in the display area.
[0036] In FIG. 3, the pixels which neighbor each other
in, for example, the first direction (X-axis direction) are
referred to as the first and second pixels (P1, P2).
[0037] Referring to FIG. 3, each of the pixels (P1, P2)
includes first to fourth subpixels (SP1 ∼ SP4). The first
subpixel (SP1) emits first-color light, the second subpixel
(SP2) emits second-color light, the third subpixel (SP3)
emits third-color light, and the fourth subpixel (SP4) emits
fourth-color light. For example, the first subpixel (SP1)
may be a red subpixel for emitting red light, the second
subpixel (SP2) may be a green subpixel for emitting
green light, the third subpixel (SP3) may be a blue sub-
pixel for emitting blue light, and the fourth subpixel (SP4)
may be a white sub pixel for emitting white light, but not
limited to this structure. Other color combinations for the
subpixels are possible and included. For example, the
color combination of the subpixels may include CYGM
filter pattern (cyan, yellow, green, magenta) or RGBE
filter pattern (red, green, blue, emerald).
[0038] It should be appreciated that a subpixel that
emits a color light may include scenarios that the subpixel
includes a light emitting layer that emits the color light
and/or that the subpixel include a light emitting layer that
emits white light and a color filter for the specific color
light.
[0039] The first to fourth subpixels (SP1 ∼ SP4) of the
first pixel (P1) are differently arranged from the first to
fourth subpixels (SP1 ∼ SP4) of the second pixel (SP2).
Especially, the arrangement of the first to third subpixels
(SP1 ∼ SP3) of the first pixel (P1) is different from the
arrangement of the first to third subpixels (SP1 ∼ SP3)
of the second pixel (P2) so that the shape of the fourth
subpixel (SP4) of the first pixel (P1) is different from the
shape of the fourth subpixel (SP4) of the second pixel
(P2).
[0040] In detail, the first and second subpixels (SP1,
SP2) of the first pixel (P1) are arranged in the second
direction (Y-axis direction) crossing over the first direction
(X-axis direction), as shown in FIG. 3, and the first and
third sub pixels (SP1, SP3) may be arranged in the first
direction (X-axis direction). Crossing may be considered
to mean lying substantially perpendicularly to. Being par-
allel in a direction may be considered to mean being
aligned along that direction. Meanwhile, the first and third
subpixels (SP1, SP3) of the second pixel (P2) are ar-
ranged in the first direction (X-axis direction), as shown
in FIG. 3, and the second and third subpixels (SP2, SP3)
of the second pixel (P2) may be arranged in the second
direction (Y-axis direction). Also, the first and third sub-
pixels (SP1, SP3) of the first pixel (P1) and the second
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subpixel (SP2) of the second pixel (P2) may be parallel
to one another in the first direction (X-axis direction), and
the second subpixel (SP2) of the first pixel (P1) and the
first and third subpixels (SP1, SP3) of the second pixel
(P2) may be parallel to one another in the first direction
(X-axis direction). The first pixel (P1) and second pixel
(P2) can tessellate to form a rectangular shape.
[0041] The fourth subpixel (SP4) of the first pixel (P1)
may be disposed between the first and second subpixels
(SP1, SP2) and between the first and third subpixels
(SP1, SP3). Also, the fourth subpixel (SP4) of the first
pixel (P1) may be disposed between the third subpixel
(SP3) of the first pixel (P1) and the second subpixel (SP2)
of the second pixel (P2) and between the second subpixel
(SP2) of the first pixel (P1) and the first subpixel (SP1)
of the second pixel (P2). Also, the fourth subpixel (SP4)
of the first pixel (P1) may be disposed between the third
subpixel (SP3) of the first pixel (P1) and the first subpixel
(SP1) of the second pixel (P2). Also, the fourth subpixel
(SP4) of the first pixel (P1) may be disposed between
the second subpixel (SP2) of the first pixel (P1) and a
first subpixel (SP1) of a neighboring another first pixel .
[0042] The fourth subpixel (SP4) of the second pixel
(P2) may be disposed between the first and third subpix-
els (SP1, SP3) and between the second and third sub-
pixels (SP2, SP3). Also, the fourth subpixel (SP4) of the
second pixel (P2) may be disposed between the second
subpixel (SP2) of the second pixel (P2) and the first sub-
pixel (SP1) of a neighboring another first pixel and be-
tween the third subpixel (SP3) of the second pixel (P2)
and the second subpixel (SP2) of a neighboring another
first pixel. Also, the fourth subpixel (SP4) of the second
pixel (P2) may be disposed between the third subpixel
(SP3) of a second pixel (P2) and a second subpixel (SP2)
of a neighboring another second pixel .Also, the fourth
subpixel (SP4) of the second pixel (P2) may be disposed
between the first subpixel (SP1) of the second pixel (P2)
and a third subpixel (SP3) of a neighboring another first
pixel .
[0043] Therefore, within each of the first pixel (P1) and
the second pixel (P2), none of the first subpixel (SP1),
second subpixel (SP2) and the third subpixel (SP3) is
immediately adjacent to one another and any adjacent
two of them in either the first direction (X-axis direction)
or the second direction (Y-axis direction) are interposed
by the fourth subpixel (SP4). In this disclosure, two ad-
jacent ones of the first subpixel (SP1), the second sub-
pixel (SP2) and the third subpixel (SP3) (and a fifth sub-
pixel (SP5) as will be described herein) are adjacent to
one another except an interposing fourth subpixel (SP4).
[0044] Further, between the neighboring first pixel (P1)
and second pixel (P2), none of the first subpixel (SP1),
the second subpixel (SP2) and the third subpixel (SP3)
of the first pixel (P1) and the first subpixel (SP1), the
second subpixel (SP2) and the third subpixel (SP3) of
the second pixel (P2) is immediately adjacent to one an-
other and any adjacent two of them (along either the first
direction or the second direction) are interposed by a

fourth subpixel (SP4) of one of the first pixel (P1) or the
second pixel (P2). For example, the adjacent third sub-
pixel (SP3) of the first pixel (P1) and the second subpixel
(SP2) of the second pixel (P2) along the first direction
(the X-axis direction) are interposed by the fourth sub-
pixel (SP4) of the first pixel (P1). The adjacent third sub-
pixel (SP3) of the first pixel (P1) and the first subpixel
(SP1) of the second pixel (P2) along the second direction
(the Y-axis direction) are interposed by the fourth sub-
pixel (SP4) of the first pixel (P1).
[0045] Further, among the first subpixels(SP1), the
second subpixels (SP2) and the third subpixels (SP3) of
the first pixel (P1) and the second pixel (P2), none of two
same color subpixels are adjacent to one another, even
with the interposing fourth subpixel (SP4) of one of the
first pixel (P1) or the second pixel (P2).
[0046] A width (W4) of the fourth subpixel (SP4) in a
first direction (X-axis direction) of each of the pixels (P1,
P2) may be smaller than a width (W1) of the first subpixel
(SP1) in the first direction (X-axis direction), a width (W2)
of the second subpixel (SP2) in the first direction (X-axis
direction), and a width (W3) of the third subpixel (SP3)
in the first direction (X-axis direction). Even though the
width (W4) of the fourth subpixel (SP4) in the first direc-
tion (X-axis direction) is smaller than the width of each
of the first to third subpixels (SP1, SP2, SP3) in the first
direction (X-axis direction), the fourth subpixel (SP4) is
disposed between each of the first to third subpixels (SP1
∼ SP3), whereby an area of the fourth subpixel (SP4) in
each pixel (P1, P2) is similar to an area for each of the
first to third subpixels (SP1 ∼ SP3). That is, the fourth
subpixel (SP4) is appropriately disposed in each pixel
(P1, P2) so that it is possible to maximize a luminance
improvement by the fourth subpixel (SP4). In another ex-
ample, an area of the fourth subpixel (SP4) in each pixel
(P1, P2) is smaller than an area for each of the first to
third subpixels (SP1 ∼ SP3).
[0047] As described above, the fourth subpixel (SP4)
for each of the pixels (P1, P2) is disposed between each
two of the first to third subpixels (SP1 ∼ SP3). Accord-
ingly, it is possible to emit white light by the use of the
fourth subpixel (SP4) disposed between each of the first
to third subpixels (SP1 ∼ SP3), thereby maximizing a
luminance improvement by the white subpixel.
[0048] It should be appreciated that although the de-
scriptions about the neighboring first pixel (P1) and sec-
ond pixel (P2) refers to the neighboring relationship along
the first direction (X-axis direction) as an illustrative ex-
ample, the same or similar descriptions also apply to
neighboring pixels in the second direction (Y-axis direc-
tion), which is included in the disclosure.
[0049] For example, a third pixel (P3) may neighbor
both the first pixel (P1) and the second pixel (P2) in the
second direction (Y-axis direction). Adjacent first subpix-
el (SP1) of the third pixel (P3) and second subpixel (SP2)
of the first pixel (P1) are interposed by the fourth subpixel
(SP4) of the first pixel (P1). Adjacent third subpixel (SP3)
of the third pixel (P3) and first subpixel (SP1) of the sec-
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ond pixel (P2) are interposed by the fourth subpixel (SP4)
of the second pixel (P2).
[0050] FIG. 4A is a cross sectional view along I-I’ of
FIG. 3.
[0051] Referring to FIG. 4A, a buffer film (not shown
for simplicity) is provided on one surface of the first sub-
strate 111 confronting the second substrate 112. The
buffer film is provided on one surface of the first substrate
111 so as to protect thin film transistors 210 and organic
light emitting devices 260 from moisture permeating
through the first substrate 111 which is vulnerable to
moisture permeability. The buffer film may be formed of
a plurality of inorganic films alternately deposited. For
example, the buffer film may be formed in a multi-layered
structure by alternately depositing at least one inorganic
film from a silicon oxide film (SiOx), a silicon nitride film
(SiNx), and silicon oxynitride (SiON). It is possible to omit
the buffer film.
[0052] The thin film transistor 210 is provided on the
buffer film. A first electrode 261 for each of the first to
fourth subpixels (SP1, SP2, SP3, SP4) may be connect-
ed with at least one thin film transistor. The first electrode
261 of the fourth subpixel (SP4) is connected with the
thin film transistor 210 in the space, for example, between
the first and second subpixels (SP1, SP2), but not limited
to this structure. That is, the first electrode 261 of the
fourth subpixel (SP4) may be connected with the thin film
transistor 210 in the area between the first and third sub
pixels (SP1, SP3) or in another area.
[0053] Referring to FIGS. 4A and 5 together, the thin
film transistor 210 may include an active layer 211, a gate
electrode 212, a source electrode 213, and a drain elec-
trode 214. In FIG. 5, the thin film transistor 210 is provided
in a top gate type where the gate electrode 212 is posi-
tioned above the active layer 211, but not limited to this
type. For example, the thin film transistor 210 may be
provided in a bottom gate type where the gate electrode
212 is positioned below the active layer 211, or a double
gate type where the gate electrode 212 is positioned both
above and below the active layer 211.
[0054] The active layer 211 is provided on the buffer
film (not shown for simplicity). The active layer 211 may
be formed a silicon-based semiconductor material or ox-
ide-based semiconductor material. A light shielding layer
may be additionally provided between the buffer film and
the active layer 211 so as to block external light being
incident on the active layer 211.
[0055] A gate insulating film 220 may be provided on
the active layer 211. The gate insulating film 220 may be
formed in a single-layered structure of the inorganic in-
sulating material such as silicon oxide (SiOx) or silicon
nitride (SiNx), or a multi-layered structure of the above
silicon oxide (SiOx) and silicon nitride (SiNx), but not lim-
ited to these structures.
[0056] The gate electrode 212 and gate line may be
provided on the gate insulating film 220. The gate elec-
trode 212 and gate line may be formed in a single-layered
structure or multi-layered structure among molybdenum

(Mo), aluminum (Al), chrome (Cr), aurum (Au), titanium
(Ti), nickel (Ni), neodymium (Nd), copper (Cu) and their
alloys, but not limited to these materials.
[0057] An insulating interlayer 230 may be provided on
the gate electrode 212 and gate line. The insulating in-
terlayer 230 may be formed in a single-layered structure
of the inorganic insulating material such as silicon oxide
(SiOx) or silicon nitride (SiNx), or a multi-layered struc-
ture of the above silicon oxide (SiOx), silicon nitride
(SiNx) and their alloys, but not limited to these materials.
[0058] The source electrode 213, the drain electrode
214, and the data line may be provided on the insulating
interlayer 230. Each of the source electrode 213 and the
drain electrode 214 may be connected with the active
layer 211 via a contact hole penetrating through the gate
insulating film 220 and the insulating interlayer 230. The
source electrode 213, the drain electrode 214, and the
data line may be formed in a single-layered structure or
multi-layered structure among molybdenum (Mo), alumi-
num (Al), chrome (Cr), aurum (Au), titanium (Ti), nickel
(Ni), neodymium (Nd), copper (Cu) and their alloys, but
not limited to these materials.
[0059] A protection film 240 for an insulation of the thin
film transistor 210 may be provided on the source elec-
trode 213, the drain electrode 214, and the data line. The
protection film 240 may be formed in a single-layered
structure of the inorganic material such as silicon oxide
(SiOx) or silicon nitride (SiNx), or a multi-layered struc-
ture of the above silicon oxide (SiOx) and silicon nitride
(SiNx), but not limited to these structures.
[0060] A planarization film 250 may be provided on the
protection film 240 so as to planarize a step difference
area caused by the thin film transistor 210. The planari-
zation film 250 may be formed of an organic material, for
example, acryl resin, epoxy resin, phenolic resin, polya-
mide resin, polyimide resin, etc., but not limited to these
materials.
[0061] The organic light emitting device 260 and a bank
270 are provided on the planarization film 250. The or-
ganic light emitting device 260 may include the first elec-
trode 261, the organic light emitting layer 262, and the
second electrode 263. The first electrode 261 may serve
as an anode electrode, and the second electrode 263
may serve as a cathode electrode.
[0062] The first electrode 261 may be provided on the
planarization film 250. The first electrode 261 may be
connected with the drain electrode 214 (or source elec-
trode 213) of the thin film transistor 210 via a contact hole
penetrating through the planarization film 250. The first
electrode 261 may be formed of a metal material with
high reflectance, and more particularly, a deposition
structure of aluminum and titanium (Ti/Al/Ti), a deposition
structure of aluminum and Indium Tin Oxide
(ITO/AL/ITO), an APC alloy, and a deposition structure
of APC alloy and Indium Tin Oxide (ITO/APC/ITO), but
not limited to any of them. Herein, the APC alloy is an
alloy of argentums (Ag), palladium (Pd), and copper (Cu),
for example.
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[0063] The bank 270 is provided to cover the edge of
the first electrode 261 on the planarization film 250, there-
by dividing the subpixels (SP1, SP2, SP3, SP4). That is,
the bank 270 functions as a pixel defining film so as to
define the subpixels (SP1, SP2, SP3, SP4).
[0064] Each of the subpixels (SP1, SP2, SP3, SP4)
indicates a light-emission area, wherein the first elec-
trode corresponding to the anode electrode, the organic
light emitting layer, and the second electrode corre-
sponding to the cathode electrode are sequentially de-
posited in each subpixel, and hole and electron are re-
spectively supplied from the first electrode and the sec-
ond electrode, and are then combined with each other in
the organic light emitting layer so as to emit light. In this
case, the area for the bank 270 does not emit light, where-
by the area for the bank 270 may be defined as a non-
emission area.
[0065] The bank 270 may be formed of an organic ma-
terial, for example, acryl resin, epoxy resin, phenolic res-
in, polyamide resin, polyimide resin, etc., but not limited
to these materials.
[0066] The organic light emitting layer 262 is provided
on the first electrode 261 and the bank 270. The organic
light emitting layer 262 is a common layer provided on
the subpixels (SP1, SP2, SP3, SP4, e.g., for colors red,
green, blue and white, respectively) in common. The or-
ganic light emitting layer may be a white light emitting
layer for emitting white light. In this case, the organic light
emitting layer 262 may be deposited by the use of open
mask with an opening in an entire display area.
[0067] If the organic light emitting layer 262 is formed
of the common layer for emitting white light, the organic
light emitting layer 262 may have a tandem structure of
2 stacks or more than 2 stacks. Each stack may include
a hole transporting layer, at least one light emitting layer,
and an electron transporting layer.
[0068] Between each of the stacks, there may be a
charge generation layer. The charge generation layer
may include an n-type charge generation layer positioned
adjacent to the lower stack, and a p-type charge gener-
ation layer provided on the n-type charge generation lay-
er and positioned adjacent to the upper stack. The n-type
charge generation layer injects the electron into the lower
stack, and the p-type charge generation layer injects the
hole into the upper stack. The n-type charge generation
layer may be formed of an organic layer doped with alkali
metal such as lithium (Li), natrium (Na), kalium (K) or
cesium (Cs), or alkali earth metal such as magnesium
(Mg), strontium (Sr), barium (Ba) or radium (Ra), but not
limited to any of them. The P-type charge generation lay-
er may be formed of an organic layer obtained by doping
an organic host material having a hole transporting ca-
pacity with dopant.
[0069] In FIG. 5, the organic light emitting layer 262 is
the common layer provided on the subpixels (SP1, SP2,
SP3, SP4) in common, and the organic light emitting layer
262 is the white light emitting layer, but not limited to this
type. That is, the organic light emitting layer 262 may be

provided for every subpixel (SP1, SP2, SP3, SP4) sep-
arately. In this case, the first subpixel (SP1) includes a
first emitting layer for emitting light with a first color, the
second subpixel (SP2) includes a second emitting layer
for emitting light with a second color, the third subpixel
(SP3) includes a third emitting layer for emitting light with
a third color, and the fourth subpixel (SP4) includes a
fourth emitting layer for emitting light with a fourth color.
For example, the first emitting layer may be a red light
emitting layer, the second emitting layer may be a green
light emitting layer, the third emitting layer may be a blue
light emitting layer, and the fourth emitting layer may be
a white light emitting layer. In this case, the first to fourth
emitting layers may be deposited by the use of fine metal
mask (FMM).
[0070] The second electrode 263 is provided on the
organic light emitting layer 262. The second electrode
263 is a common layer provided on the subpixels (SP1,
SP2, SP3, SP4) in common. The second electrode 263
may be formed of a transparent metal material (transpar-
ent conductive material, TCO) capable of transmitting
light therethrough, for example, Indium Tin Oxide (ITO)
or Indium Zinc Oxide (IZO), or may be formed of a semi-
transmissive metal material (semi-transmissive conduc-
tive material), for example, magnesium (Mg), argentums
(Ag), or alloy of magnesium (Mg) and argentums (Ag),
but not limited to any of them. If the second electrode
263 is formed of the semi-transmissive conductive ma-
terial, it is possible to realize high emission efficiency by
a micro-cavity effect. A capping layer may be provided
on the second electrode 263.
[0071] An encapsulation film 280 is provided on the
second electrode 263. The encapsulation film 280 may
prevent a permeation of oxygen or moisture into the or-
ganic light emitting layer 262 and the second electrode
263. The encapsulation film 280 may include at least one
inorganic film. Also, the encapsulation film 280 may fur-
ther include at least one inorganic film to prevent particles
from getting into the organic light emitting layer 262 and
the second electrode 263 via the inorganic film. For ex-
ample, the encapsulation film 280 may include a first in-
organic film 281, an organic film 282, and a second in-
organic film 283, as shown in FIG. 4A.
[0072] The first inorganic film 281 is disposed on the
second electrode 263. The first inorganic film 281 is pro-
vided to cover the second electrode 263.
[0073] The organic film 282 is disposed on the first in-
organic film 281. The organic film 282 may have a suffi-
cient thickness to prevent the particles from getting into
the organic light emitting layer 262 and the second elec-
trode 263 via the first inorganic film 281.
[0074] The second inorganic film 283 is disposed on
the organic film 282. The second inorganic film 283 is
provided to cover the organic film 282.
[0075] Each of the first and second inorganic films 281
and 283 may be formed of silicon nitride, aluminum ni-
tride, zirconium nitride, titanium nitride, hafnium nitride,
tantalum nitride, silicon oxide, aluminum oxide, or titani-
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um oxide.
[0076] Then, first to third color filters 291, 292, and 293
and a low refractive index layer 294 may be disposed on
the encapsulation film 280.
[0077] The first color filter 291 is disposed in the first
subpixel (SP1), the second color filter 292 is disposed in
the second subpixel (SP2), and the third color filter 293
is disposed in the third subpixel (SP3). For example, the
first color filter 291 may be a red color filter, the second
color filter 292 may be a green color filter, and the third
color filter 293 may be a blue color filter.
[0078] If the first to third color filters 291, 292, and 293
are directly formed on the encapsulation film 280, there
is no need for an alignment process when the first sub-
strate 111 and the second substrate 112 are bonded to
each other. Furthermore, there is no need for an addi-
tional bonding layer so that it is possible to reduce a thick-
ness of a display panel. Also, if the first to third color filters
291, 292, and 293 are directly formed on the encapsu-
lation film 280, it is possible to reduce a distance between
the organic light emitting layer 262 and each of the first
to third color filters 291, 292, and 293, and furthermore,
it is possible to minimize a color mixing without using a
black matrix. That is, it is possible to omit the black matrix.
[0079] The low refractive index layer 294 may be dis-
posed in the fourth subpixel (SP4). The low refractive
index layer 294 may be formed of a material whose re-
fractive index is relatively lower than that of each of the
first to third color filters 291, 292, and 293. Generally, a
refractive index of each of the first to third color filters is
1.5x or more than 1.5x. Thus, the low refractive index
layer 294 may be formed of siloxane whose refractive
index is between 1.3x and 1.5x, acryl whose refractive
index is between 1.4x and 1.5x, epoxy whose refractive
index is 1.4, or fluoride whose refractive index is 1.3x.
The lower refractive index layer 294 may be formed of
siloxane, acryl, epoxy, or fluoride including hollow parti-
cles by a hollow injection. The low refractive index layer
294 may also be air whose refractive index is 1.0. Other
low refractive index materials are also possible for layer
294 and are included in the disclosure.
[0080] The refractive index of the low refractive index
layer 294 is relatively lower than the refractive index of
each of the first to third color filters 291, 292, and 293.
Thus, if light (L1) emitted from the organic light emitting
layer 262 of the pixel adjacent to the fourth subpixel (SP4)
is incident at an angle (θ1) above a first threshold angle,
as shown in FIG. 5, the light (L1) may be totally reflected
on the boundaries between the color filter and the low
refractive index layer 294 due to a refractive index differ-
ence between the color filter and the low refractive index
layer 294. Accordingly, the light (L1) emitted from the
organic light emitting layer 262 of the pixel adjacent to
the fourth subpixel (SP4) advances toward a front surface
of the display panel 110 so that it is possible to prevent
a loss of the light emitted from the organic light emitting
layer 262 of the pixel adjacent to the fourth subpixel
(SP4).

[0081] Also, even though light (L2) emitted from the
organic light emitting layer 262 of the pixel adjacent to
the fourth subpixel (SP4) is incident at an angle (θ2) be-
low the first threshold angle, the light (L2) may be refract-
ed in a direction of the front surface of the display panel
110, as shown in FIG. 5, due to the refractive index dif-
ference between the color filter(s) 291, 292, 293 and the
low refractive index layer 294, so that it is possible to
prevent a loss of the light emitted from the organic light
emitting layer 262 of the pixel adjacent to the fourth sub-
pixel (SP4).
[0082] Also, if light (L3) emitted from the organic light
emitting layer 262 of the fourth subpixel (SP4) advances
from the low refractive index layer 294 toward the color
filter of the pixel adjacent to the fourth subpixel (SP4), it
is possible to prevent a color mixing of the light. However,
if the light (L3) emitted from the organic light emitting
layer 262 of the fourth subpixel (SP4) advances from the
low refractive index layer 294 toward the color filter of
the pixel adjacent to the fourth subpixel (SP4), the light
(L3) may be refracted to a lateral surface direction of the
display panel 110 due to the refractive index difference
between the color filter and the low refractive index layer
294 so that it is possible to prevent a color mixing by the
light (L3) emitted from the organic light emitting layer 262
of the fourth subpixel (SP4). In this case, it is possible to
omit the black matrix.
[0083] Meanwhile, with reference also to FIG. 3, the
width (W4) of the fourth subpixel (SP4) in the first direc-
tion (X-axis direction) may be smaller than the width (W1)
of the first subpixel (SP1) in the first direction (X-axis
direction), the width (W2) of the second subpixel (SP2)
in the first direction (X-axis direction), and the width (W3)
of the third subpixel (SP3) in the first direction (X-axis
direction). Also, the first color filter 291 is disposed in the
first subpixel (SP1), the second color filter 292 is disposed
in the second subpixel (SP2), the third color filter 293 is
disposed in the third subpixel (SP3), and the low refrac-
tive index layer 294 is disposed in the fourth subpixel
(SP4). Accordingly, a width of the low refractive index
layer 294 may be smaller than the width (W1) of the first
subpixel (SP1), the width (W2) of the second subpixel
(SP2), and the width (W3) of the third subpixel (SP3), as
shown in FIG. 4A.
[0084] The second substrate 112 is provided on the
first to third color filters 291, 292, and 293 and the low
refractive index layer 294. The second substrate 112 may
be a plastic film, a glass substrate, or an encapsulation
film (or protection film).
[0085] As described above, the fourth subpixel (SP4)
for each of the pixels (P) is disposed between each of
the first, second and third subpixels (SP1, SP2, SP3). As
a result, it is possible to emit the white light by the use of
fourth subpixel (SP4) disposed between each of the first,
second and third sub pixels (SP1, SP2, SP3), thereby
maximizing the luminance improvement by the white pix-
el.
[0086] Also, the low refractive index layer 294 is dis-
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posed in the fourth subpixel (SP4). As a result, the light
(L2) emitted from the organic light emitting layer 262 of
the pixel adjacent to the fourth subpixel (SP4) is totally
reflected or refracted by the refractive index difference
between the color filter and the low refractive index layer
294, whereby the light (L2) advances in the front surface
direction of the display panel 110. Accordingly, it is pos-
sible to prevent a loss of the light emitted from the organic
light emitting layer 262 of the pixel adjacent to the fourth
subpixel (SP4).
[0087] Furthermore, the light (L3) emitted from the or-
ganic light emitting layer 262 of the fourth subpixel (SP4)
is refracted to the lateral surface direction of the display
panel 110 by the refractive index difference between the
color filter and the low refractive index layer 294 so that
it is possible to prevent a color mixing by the light (L3)
emitted from the organic light emitting layer 262 of the
fourth subpixel (SP4).
[0088] FIG. 4B shows another example of a cross sec-
tional view along I-I’ of FIG. 3.
[0089] Referring to FIG. 4B, at least one black matrix
layer 300 is disposed between each adjacent two of the
first, second and the third color filters 291, 292, and 293
and the low refractive index layer 294. Because the low
refractive index layer 294 is disposed between each ad-
jacent two of the color filters 291, 292 and 293, at least
one black matrix layer 300 is in turn disposed between
the each adjacent two of the color filters 291, 292 and
293. The black matrix layer 300 may further prevent a
coloring mixing by the light (L3) emitted from the organic
light emitting layer 262 of the fourth subpixel (SP4).
[0090] It should be appreciated that although FIG. 4B
shows, as an illustrative example, that black matrix layer
300 and low refractive index layer 294 are used together,
this example is not limiting. It is possible that the black
matrix layer 300 is used without low refractive layer 294
to prevent a coloring mixing by the light (L3) emitted from
the organic light emitting layer 262 of the fourth subpixel
(SP4), which is also included in the disclosure.
[0091] FIG. 6 is a plane view illustrating another exam-
ple of the pixels in the display area.
[0092] In FIG. 6, the pixels which neighbor each other
in the first direction (X-axis direction) are referred to as
the first and second pixels (P1, P2), and the pixels which
neighbor each other in the second direction (Y-axis di-
rection) are referred to as the first and third pixels (P1,
P3).
[0093] Referring to FIG. 6, each of the pixels (P1, P2,
P3) may include a first, a second, a third and a fourth
subpixel (SP1, SP2, SP3, SP4). The first subpixel (SP1)
emits first-color light, the second sub pixel (SP2) emits
second-color light, the third sub pixel (SP3) emits third-
color light, and the fourth subpixel (SP4) emits fourth-
color light. For example, the first subpixel (SP1) may be
a red subpixel for emitting red light, the second subpixel
(SP2) may be a green subpixel for emitting green light,
the third subpixel (SP3) may be a blue subpixel for emit-
ting blue light, and the fourth subpixel (SP4) may be a

white sub pixel for emitting white light, but not limited to
this structure configuration.
[0094] The first, second and third subpixels (SP1, SP2,
SP3) of the first pixel (P1) may be arranged in series in
the first direction (X-axis direction), as shown in FIG. 6.
The fourth subpixel (SP4) of the first pixel (P1) may be
disposed between adjacent first, second and third sub-
pixels (SP1, SP2, SP3). For example, as shown in FIG.
6, the fourth subpixel (SP4) of the first pixel (P1) is dis-
posed between the first and second sub pixels (SP1,
SP2) and between the second and third subpixels (SP2,
SP3). Also, the fourth subpixel (SP4) of the first pixel (P1)
may be disposed between adjacent first, second and third
subpixels (SP1, SP2, SP3) of two neighboring pixels. For
example, as shown in FIG. 6, the fourth subpixel (SP4)
of the first pixel (P1) is disposed between the third sub-
pixel (SP3) of the first pixel (P1) and the first subpixel
(SP1) of the neighboring second pixel (P2). Also, the
fourth subpixel (SP4) of the first pixel (P1) may be dis-
posed between the first subpixel (SP1) of the first pixel
(P1) and the first subpixel (SP1) of the neighboring third
pixel (P3), between the second subpixel (SP2) of the first
pixel (P1) and the second subpixel (SP2) of the neigh-
boring third pixel (P3), and between the third subpixel
(SP3) of the first pixel (P1) and the third subpixel (SP3)
of the neighboring third pixel (P3).
[0095] FIG. 6 shows as an illustrative example that the
first subpixel, second subpixel, and third subpixel (SP1,
SP2, SP3) in neighboring pixels P1, P2 and P3 are of
the same sequence, e.g., SP1, SP2, SP3, in the first di-
rection (X-axis direction). The disclosure is not limited by
this example configuration and one or both of the neigh-
boring pixels P2 and P3 may include different sequence
configuration(s) of the first subpixel, second subpixel and
the third subpixel (SP1, SP2, SP3) therein than that of
the first pixel P1, which are all included in the disclosure.
For example, the neighboring third pixel P3 may include
a sequence of subpixels SP2, SP3 and SP1 in the first
direction (X-axis direction) such that the adjacent pixels
to the first subpixel (SP1), second subpixel (SP2) and
third subpixel (SP3) between neighboring first pixel (P1)
and third pixel (P3) are of different colors.
[0096] Further, in FIG. 6, the first, second and third
subpixels of a pixel are illustrated as arranged in series
in the first direction (X-axis direction), which is not limiting.
The first, second and third subpixels of a pixel may also
be arranged in series in the second direction (Y-axis di-
rection), which is also included in the disclosure.
[0097] A width (W4) of the fourth subpixel (SP4) in the
first direction (X-axis direction), for example (similar de-
scription also apply to width in the second direction/Y-
axis direction), for each of the pixels (P1, P2, P3) may
be smaller than a width (W1) of the first subpixel (SP1)
in the first direction (X-axis direction), a width (W2) of the
second subpixel (SP2) in the first direction (X-axis direc-
tion), and a width (W3) of the third subpixel (SP3) in the
first direction (X-axis direction). Even though the width
(W4) of the fourth subpixel (SP4) in the first direction (X-
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axis direction) is smaller than the width of each of the
first to third subpixels (SP1, SP2, SP3) in the first direction
(X-axis direction), the fourth subpixel (SP4) is disposed
between each of the first to third subpixels (SP1 ∼ SP3),
whereby an area of the fourth subpixel (SP4) in each
pixel (P1, P2, P3) is similar to an area for each of the first
to third subpixels (SP1 ∼ SP3). That is, the fourth subpixel
(SP4) is appropriately disposed in each pixel (P1, P2,
P3) so that it is possible to maximize a luminance im-
provement by the fourth subpixel (SP4).
[0098] Meanwhile, except for the position of the first
subpixel (SP1), the second subpixel (SP2), and the third
subpixel (SP3), the cross section along II-II’ of FIG. 6
may be identical or similar to the cross section of FIG.
4A, whereby a detailed description for the cross section
of FIG. 6 will be omitted.
[0099] As described above, the fourth subpixel (SP4)
for each of the pixels (P1, P2, P3) is disposed between
each adjacent subpixel of the first, second and third sub-
pixels (SP1, SP2, SP3). Accordingly, it is possible to emit
white light by the use of the fourth subpixel (SP4) dis-
posed between each of the first to third subpixels (SP1
∼ SP3), thereby maximizing a luminance improvement
by the white subpixel.
[0100] FIG. 7 is a plane view illustrating another exam-
ple of the pixels in the display area.
[0101] Referring to FIG. 7, each of the pixels (P) may
include five subpixels, first, second, third, fourth and fifth
subpixels (SP1, SP2, SP3, SP4, SP5). The first subpixel
(SP1) emits first-color light, the second subpixel (SP2)
emits second-color light, the third subpixel (SP3) emits
third-color light, the fourth subpixel (SP4) emits fourth-
color light, and the fifth subpixel (SP5) emits one of the
first-color light, the second-color light, and the third-color
light. For example, the first subpixel (SP1) may be a red
subpixel for emitting red light, the second subpixel (SP2)
may be a green subpixel for emitting green light, the third
subpixel (SP3) may be a blue subpixel for emitting blue
light, the fourth subpixel (SP4) may be a white sub pixel
for emitting white light, and the fifth subpixel (SP5) may
be a green subpixel for emitting green light, but not limited
to this structure.
[0102] The first and second subpixels (SP1, SP2) for
each pixel (P) may be arranged in the first direction (X-
axis direction), and the first and fifth subpixels (SP1, SP5)
may be arranged in the second direction (Y-axis direc-
tion) crossing over the first direction (X-axis direction).
Also, the second and third subpixels (SP2, SP3) may be
arranged in the second direction (Y-axis direction), and
the third and fifth subpixels (SP3, SP5) may be arranged
in the first direction (X-axis direction).
[0103] The fourth subpixel (SP4) of each pixel (P) may
be disposed between each two adjacent subpixels of the
first, second third and fifth subpixels (SP1, SP2, SP3,
SP5) in the first direction or the second direction. For
example, as shown in FIG. 7, the fourth subpixel (SP4)
of each pixel (P) is disposed between the adjacent first
and second subpixels (SP1, SP2) in the first direction,

and between the adjacent second and third subpixels
(SP2, SP3) in the second direction. Also, the fourth sub-
pixel (SP4) of each pixel (P) may be disposed between
the adjacent first and fifth subpixels (SP1, SP5) in the
second direction and between the adjacent third and fifth
subpixels (SP3, SP5) in the first direction. In this case, a
shape of the fourth subpixel (SP4) on the plane may be
a cross shape.
[0104] A width (W4) of the fourth subpixel (SP4) in the
first direction (X-axis direction) for each pixel (P) may be
smaller than a width (W1) of the first subpixel (SP1) in
the first direction (X-axis direction), a width (W2) of the
second subpixel (SP2) in the first direction (X-axis direc-
tion), a width (W3) of the third subpixel (SP3) in the first
direction (X-axis direction), and a width (W5) of the fifth
subpixel (SP5) in the first direction (X-axis direction).
Even though the width (W4) of the fourth subpixel (SP4)
in the first direction (X-axis direction) is smaller than the
width of each of the first to third subpixels (SP1, SP2,
SP3) and the fifth subpixel (SP5) in the first direction (X-
axis direction), the fourth subpixel (SP4) is disposed be-
tween each of the first to third subpixels (SP1 ∼ SP3) and
the fifth subpixel (SP5), whereby an area of the fourth
subpixel (SP4) in each pixel (P1, P2, P3) is similar to an
area for each of the first to third subpixels (SP1 ∼ SP3)
and the fifth subpixel (SP5). That is, the fourth subpixel
(SP4) is appropriately disposed in each pixel (P) so that
it is possible to maximize a luminance improvement by
the fourth subpixel (SP4).
[0105] The above description about widths in the first
direction (X-axis direction) may also apply to the widths
in the second direction (Y-axis direction), which is also
included in the disclosure.
[0106] Meanwhile, except for the relative position of
the first, second, third and fourth subpixels (SP1, SP2,
SP3, SP4), and the additionally provided fifth subpixel
(SP5), the cross section along line III-III’ of FIG. 7 may
be very similar or identical to the cross section of FIG.
4A, whereby a detailed description for the cross section
along line III-III’ of FIG. 7 will be omitted.
[0107] As described above, the fourth subpixel (SP4)
for each pixel (P) is disposed between each two adjacent
ones of the first, second, and third subpixels (SP1, SP2,
SP3) and the fifth subpixel (SP5) in either the first direc-
tion or the second direction. Accordingly, it is possible to
emit white light by the use of the fourth subpixel (SP4)
disposed between each adjacent two of the first, second,
and third subpixels (SP1, SP2, SP3) and the fifth subpixel
(SP5), thereby maximizing a luminance improvement by
the white subpixel.
[0108] FIG. 8 is a plane view illustrating another exam-
ple of the pixels in the display area.
[0109] In FIG. 8, the pixels which neighbor one another
in the first direction (X-axis direction) are referred to as
the first and second pixels (P1, P2), and the pixels which
neighbor each other in the second direction (Y-axis di-
rection) are referred to as the first and third pixels (P1,
P3).
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[0110] Except for the fourth subpixel (SP4) for each
pixel (P1, P2, P3), the plane view of FIG. 8 is identical to
the aforementioned description of FIG. 7, whereby a de-
tailed description for each of the first, second and third
subpixels (SP1, SP2, SP3) and the fifth subpixel (SP5)
will be omitted.
[0111] Referring to FIG. 8, the fourth subpixel (SP4) of
a pixel, e.g., the first pixel (P1), may be disposed between
each two adjacent ones of the first subpixel, second sub-
pixel, third subpixel and fifth subpixel (SP1, SP2, SP3,
SP5) in either the first direction (X-axis direction) or the
second direction (Y-axis direction). For example, as
shown in FIG. 8, the fourth subpixel (SP4) of the first pixel
(P1) is disposed between the adjacent first and second
subpixels (SP1, SP2) in the first direction and between
the adjacent second and third subpixels (SP2, SP3) in
the second direction. Also, the fourth subpixel (SP4) of
the first pixel (P1) may be disposed between the adjacent
first and fifth subpixels (SP1, SP5) in the second direc-
tion, and between the adjacent third and fifth subpixels
(SP3, SP5) in the first direction.
[0112] Also, the fourth subpixel (SP4) of a pixel, e.g.,
the first pixel (P1), may be disposed between each two
adjacent ones of the first subpixel, second subpixel, third
subpixel and fifth subpixel (SP1, SP2, SP3, SP5) of the
pixel and of a neighboring pixel. For example, as shown
in FIG. 8, the fourth subpixel (SP4) of the first pixel (P1),
may be disposed between the second subpixel (SP2) of
the first pixel (P1) and the adjacent first subpixel (SP1)
of the neighboring second pixel (P2), and between the
third subpixel (SP3) of the first pixel (P1) and the adjacent
fifth subpixel (SP5) of the neighboring second pixel (P2).
Also, the fourth subpixel (SP4) of the first pixel (P1) may
be disposed between the fifth subpixel (SP5) of the first
pixel (P1) and the adjacent first subpixel (SP1) of the
neighboring third pixel (P3), and between the third sub-
pixel (SP3) of the first pixel (P1) and the adjacent second
subpixel (SP2) of the neighboring third pixel (P3).
[0113] A width (W4) of the fourth subpixel (SP4) in the
first direction (X-axis direction) for each pixel (P1, P2,
P3) may be smaller than a width (W1) of the first subpixel
(SP1) in the first direction (X-axis direction), a width (W2)
of the second subpixel (SP2) in the first direction (X-axis
direction), a width (W3) of the third subpixel (SP3) in the
first direction (X-axis direction), and a width (W5) of the
fifth subpixel (SP5) in the first direction (X-axis direction).
Even though the width (W4) of the fourth subpixel (SP4)
in the first direction (X-axis direction) is smaller than the
width of each of the first to third subpixels (SP1, SP2,
SP3) and the fifth subpixel (SP5) in the first direction (X-
axis direction), the fourth subpixel (SP4) is disposed be-
tween each of the first to third subpixels (SP1 ∼ SP3) and
the fifth subpixel (SP5), whereby an area of the fourth
subpixel (SP4) in each pixel (P1, P2, P3) is similar to an
area for each of the first to third subpixels (SP1 ∼ SP3)
and the fifth subpixel (SP5). That is, the fourth subpixel
(SP4) is appropriately disposed in each pixel (P) so that
it is possible to maximize a luminance improvement by

the fourth subpixel (SP4).
[0114] The above description about widths in the first
direction (X-axis direction) may also apply to the widths
in the second direction (Y-axis direction), which is also
included in the disclosure.
[0115] Meanwhile, except for the relative position of
the first, second and third subpixels (SP1, SP2, SP3),
the additionally provided fifth subpixel (SP5), and possi-
ble the fourth color filter disposed in the fifth subpixel
(SP5), the cross section along IV-IV’ of FIG. 8 may be
identical or very similar to the aforementioned description
of FIG. 4A, whereby a detailed description for the cross
section of FIG. 8 will be omitted.
[0116] As described above, the fourth subpixel (SP4)
for each pixel (P1, P2, P3) is disposed between each of
the first to third subpixels (SP1 ∼ SP3) and the fifth sub-
pixel (SP5). Accordingly, it is possible to emit white light
by the use of the fourth subpixel (SP4) disposed between
each of the first to third subpixels (SP1 ∼ SP3) and the
fifth subpixel (SP5), thereby maximizing a luminance im-
provement by the white subpixel.
[0117] According to the present disclosure, the fourth
subpixel (SP4) for each of the pixels (P1, P2, P3) is dis-
posed between each of the first to third subpixels (SP1
∼ SP3). Accordingly, it is possible to emit white light by
the use of the fourth subpixel (SP4) disposed between
each of the first to third subpixels (SP1 ∼ SP3), thereby
maximizing the luminance improvement by the white sub-
pixel.
[0118] Also, with reference also to FIG. 4A, the low
refractive index layer 294 is disposed in the fourth sub-
pixel (SP4). As a result, the light emitted from the organic
light emitting layer 262 of the pixel adjacent to the fourth
subpixel (SP4) is totally reflected or refracted by the re-
fractive index difference between the color filter and the
low refractive index layer 294, whereby the light advanc-
es in the front surface direction of the display panel 110.
Accordingly, it is possible to prevent a loss of the light
emitted from the organic light emitting layer 262 of the
pixel adjacent to the fourth subpixel (SP4).
[0119] Furthermore, the light emitted from the organic
light emitting layer 262 of the fourth subpixel (SP4) may
be refracted to the lateral surface direction of the display
panel 110 due to the refractive index difference between
the color filter and the low refractive index layer 294 so
that it is possible to prevent a color mixing by the light
emitted from the organic light emitting layer 262 of the
fourth subpixel (SP4).
[0120] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present disclosure without departing from the spirit or
scope of the disclosures. Thus, it is intended that the
present disclosure covers the modifications and varia-
tions of this disclosure provided they come within the
scope of the appended claims and their equivalents.
[0121] In this disclosure, the shapes of the first, sec-
ond, third and/or fifth subpixels (SP1, SP2, SP3, SP5)
are, as an example, illustrated as square/rectangular,
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and the shape of the fourth subpixel (SP4) is illustrated
as including bend regions, e.g., multiple L shaped bend
regions or cross-shaped bend regions. These examples
are for illustrative purposes only and none limits the
scope of the disclosure. The first, second, third and/or
fifth subpixels (SP1, SP2, SP3, SP5) and/or the fourth
subpixel (SP4) may include other shapes and all are in-
cluded in the disclosure. For example FIGS. 9A and 9B
illustrates two other examples of the shapes of the first,
second, third and/or fifth subpixels (SP1, SP2, SP3, SP5)
and the shape of the fourth subpixel (SP4).
[0122] Further, in the disclosure, the fourth subpixel
(SP4) is illustrated and described as a single integrated
subpixel structure, as an example, which does not limit
the disclosure. The fourth subpixel may include multiple
separate regions, e.g., multiple separate L shaped re-
gions which are either electrically connected together,
e.g., in another layer, or may be electrically separate.
That is, there may be multiple fourth subpixels of white
light disposed among the color subpixels SP1, SP2, SP3
and/or SP5. All these variants are included in the disclo-
sure.
[0123] Further, the term "subpixel" is used in the dis-
closure only relative to a "pixel". The subpixels, SP1,
SP2, SP3, SP4, SP5 each may be essentially in structure
and/or in function a pixel from another perspective, which
are all included in the disclosure.
[0124] The various embodiments described above can
be combined to provide further embodiments. All of the
U.S. patents, U.S. patent application publications, U.S.
patent applications, foreign patents, foreign patent appli-
cations and non-patent publications referred to in this
specification and/or listed in the Application Data Sheet
are incorporated herein by reference, in their entirety.
Aspects of the embodiments can be modified, if neces-
sary to employ concepts of the various patents, applica-
tions and publications to provide yet further embodi-
ments.
[0125] These and other changes can be made to the
embodiments in light of the above-detailed description.
In general, in the following claims, the terms used should
not be construed to limit the claims to the specific em-
bodiments disclosed in the specification and the claims,
but should be construed to include all possible embodi-
ments along with the full scope of equivalents to which
such claims are entitled. Accordingly, the claims are not
limited by the disclosure.
[0126] The following are aspects of the disclosure:

Aspect 1. An organic light emitting display (OLED)
device comprising a plurality of pixels, each pixel in-
cluding a first subpixel for emitting first-color light, a
second subpixel for emitting second-color light, a
third subpixel for emitting third-color light, and a
fourth subpixel for emitting fourth-color light, the
fourth subpixel positioned between pairs of adjacent
ones of the first subpixel, the second subpixel and
the third subpixel.

Aspect 2. The OLED device according to aspect 1,
wherein a width of the fourth subpixel in a first direc-
tion is smaller than each one of a width of the first
subpixel in the first direction, a width of the second
subpixel in the first direction, and a width of the third
subpixel in the first direction.
Aspect 3. The OLED device according to aspect 1,
wherein, the first subpixel includes a first color filter,
the second subpixel includes a second color filter,
the third subpixel includes a third color filter, and
the fourth subpixel includes a low refractive index
layer whose refractive index is lower than that of each
of the first color filter, the second color filter and the
third color filter.
Aspect 4. The OLED device according to aspect 1,
wherein a shape of the fourth subpixel in a first pixel
of the plurality of pixels is different from a shape of
the fourth subpixel in a second pixel of the plurality
of pixels, the first pixel and the second pixel neigh-
boring with one another.
Aspect 5. The OLED device according to aspect 1,
wherein the plurality of pixels include a first pixel and
a second pixel which neighbor with one another in a
first direction, wherein the first and second subpixels
of the first pixel are arranged in a second direction
which crosses over the first direction, and the first
and third subpixels of the first pixel are arranged in
the first direction, and
wherein the first and third subpixels of the second
pixel and the second subpixel of the first pixel are
parallel in the first direction, and the second subpixel
of the second pixel, and the first and third subpixels
of the first pixel are parallel in the first direction.
Aspect 6. The OLED device according to aspect 5,
wherein the fourth subpixel of the first pixel is dis-
posed between the second subpixel of the first pixel
and the first subpixel of the second pixel, and be-
tween the third subpixel of the first pixel and the sec-
ond subpixel of the second pixel.
Aspect 7. The OLED device according to aspect 1,
wherein the plurality of pixels include a first pixel and
a second pixel which neighbor one another in a first
direction,
wherein the first, second and the third subpixels of
each of the first and second pixels are parallel in the
first direction, and
the fourth subpixel of the first pixel is disposed be-
tween the third subpixel of the first pixel and the first
subpixel of the second pixel.
Aspect 8. The OLED device according to aspect 1,
wherein the plurality of pixels include a first pixel and
a third pixel which neighbor with one another in a
second direction, wherein the first, second, and third
subpixels of each of the first and third pixels are ar-
ranged in a first direction which crosses over the sec-
ond direction, and
the fourth subpixel of the first pixel is disposed be-
tween the first subpixel of the first pixel and the first
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subpixel of the second pixel, between the second
subpixel of the first pixel and the second subpixel of
the second pixel, and between the third subpixel of
the first pixel and the third subpixel of the second
pixel.
Aspect 9. The OLED device according to aspect 1,
wherein each of the plurality of pixels further includes
a fifth subpixel for emitting fifth-color light, and
wherein the fourth subpixel of each of the pixels is
disposed between each two adjacent ones of the
first subpixel, the second subpixel, the third subpixel,
and the fifth subpixel of the pixel.
Aspect 10. The OLED device according to aspect 9,
wherein a width of the fourth subpixel in a first direc-
tion is smaller than each of a width of the first subpixel
in the first direction, a width of the second subpixel
in the first direction, a width of the third subpixel in
the first direction, and a width of the fifth subpixel in
the first direction.
Aspect 11. The OLED device according to aspect 1,
wherein the first subpixel includes a first color filter,
the second subpixel includes a second color filter,
the third subpixel includes a third color filter, and
at least one black matrix disposed between each ad-
jacent two of the first color filter, the second color
filter or the third color filter.
Aspect 12. The OLED device according to aspect 9,
wherein the plurality of pixels include a first pixel and
a second pixel which neighbor with one another in a
first direction, wherein within each of the first and the
second pixels, the first and second subpixels are ar-
ranged in the first direction, the first and fifth subpix-
els are arranged in a second direction which crosses
over the first direction, and the second and third sub-
pixels are arranged in the second direction, and
wherein the fourth subpixel of the first pixel is dis-
posed between the second subpixel of the first pixel
and the first subpixel of the second pixel, and be-
tween the third subpixel of the first pixel and the fifth
subpixel of the second pixel.
Aspect 13. The OLED device according to aspect 9,
wherein the plurality of pixels include a first pixel and
a third pixel which neighbor with one another in a
second direction, wherein within each of the first and
the third pixels, the first and second subpixels are
arranged in a first direction, the first and the fifth sub-
pixels are arranged in the second direction which
crosses over the first direction, and the second and
the third subpixels are arranged in the second direc-
tion, and
wherein the fourth subpixel of the first pixel is dis-
posed between the fifth subpixel of the first pixel and
the first subpixel of the third pixel, and between the
third subpixel of the first pixel and the second sub-
pixel of the third pixel.
Aspect 14. The OLED device according to aspect 9,
wherein the fifth-color light is same as one of the
first-color light, the second-color light, the third-color

light or the fourth-color light.
Aspect 15. The OLED device according to aspect 1,
wherein the fourth color-light is white.
Aspect 16. The OLED device of aspect 1, wherein a
size of a surface area of the fourth subpixel substan-
tially equals to or smaller than a size of a surface
area of each of the first subpixel, the second subpixel
or the third subpixel.
Aspect 17. The OLED device of aspect 1, wherein
at least one of the first subpixel, the second subpixel
or the third subpixel is adjacent to the fourth subpixel
by at least two sides thereof.
Aspect 18. The OLED device of aspect 1, wherein:

the first subpixel includes a first color filter,
the second subpixel includes a second color fil-
ter,
the third subpixel includes a third color filter, and
the fourth subpixel includes a low refractive in-
dex layer whose refractive index is lower than
that of each of the first color filter, the second
color filter and the third color filter, and
further comprising at least one black matrix dis-
posed between each adjacent two of the first
color filter, the second color filter, the third color
filter or the low refractive index layer.

Aspect 19. An electroluminescent display device,
comprising:

a light emitting pixel;
a plurality of different color subpixels included
in the pixel;
one of the color subpixels positioned between
at least two pairs of adjacent other color subpix-
els of each pixel.

Aspect 20. The display device of aspect 19, wherein
two adjacent color subpixels each belongs to a dif-
ferent one of two neighboring pixels, and the two
adjacent color subpixels emit different color lights.
Aspect 21. An organic light emitting display (OLED)
device, comprising:

a plurality of pixels, each pixel including a first
subpixel for emitting first-color light, a second
subpixel for emitting second-color light, a third
subpixel for emitting third-color light, and a fourth
subpixel for emitting fourth-color light,
wherein the fourth subpixel has a first portion
that is disposed immediately adjacent a first sub-
pixel and a second subpixel and has a second
portion that is disposed immediately adjacent
the first subpixel and the third subpixel.

Aspect 22. The OLED device of aspect 21, wherein
the first portion of the fourth subpixel is also disposed
between the first subpixel and the second subpixel.
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Aspect 23. The OLED device of aspect 21, wherein
the second portion of the fourth subpixel is also dis-
posed between the first subpixel and the third sub-
pixel.
Aspect 24. The OLED device of aspect 21, wherein
the fourth subpixel is white.
Aspect 25. An organic light emitting display ,OLED,
device comprising a plurality of pixels, each pixel in-
cluding a first subpixel for emitting first-color light, a
second subpixel (SP2) for emitting second-color
light, a third subpixel for emitting third-color light, and
a fourth subpixel for emitting fourth-color light, the
fourth subpixel positioned between pairs of adjacent
subpixels, the pairs formed from two of the first sub-
pixel, the second subpixel and the third subpixel.

Claims

1. An electroluminescent display device, comprising:

a plurality of pixels, each pixel of the plurality of
pixels configured to emit light;
a plurality of different color subpixels included
in each pixel of the plurality of pixels;
one subpixel of the plurality of different color
subpixels within each pixel positioned between
at least two pairs of adjacent other color subpix-
els.

2. The electroluminescent display device of claim 1,
wherein one of the at least two pairs of adjacent other
color subpixels comprises subpixels on two neigh-
boring pixels, and the subpixels on two neighboring
pixels are configured to emit different color lights.

3. The electroluminescent display device of claim 1,
wherein the electroluminescent display device is an
organic light emitting display ,OLED, device (100);
and
wherein the plurality of different color subpixels in-
cludes a first subpixel (SP1) for emitting first-color
light, a second subpixel (SP2) for emitting second-
color light, a third subpixel (SP3) for emitting third-
color light, and a fourth subpixel (SP4) for emitting
fourth-color light, the fourth subpixel positioned be-
tween pairs of adjacent subpixels, the adjacent sub-
pixels being selected from the first subpixel, the sec-
ond subpixel and the third subpixel.

4. The OLED device according to any one of claim 3,
wherein a shape or orientation of the fourth subpixel
in a first pixel (PI) of the plurality of pixels is different
from a shape or orientation, respectively, of the
fourth subpixel in a second pixel (P2) of the plurality
of pixels, the first pixel and the second pixel neigh-
boring one another.

5. The OLED device according to any one of claim 3,
wherein the plurality of pixels include a first pixel and
a second pixel which neighbor with one another in a
first direction, or
the OLED device according claim 4, wherein the first
pixel and the second pixel neighbor with one another
in a first direction;
wherein the first and second subpixels of the first
pixel are arranged in a second direction (Y) which is
perpendicular to the first direction, and the first and
third subpixels of the first pixel are arranged in the
first direction, and
wherein the first and third subpixels of the second
pixel and the second subpixel of the first pixel are
aligned along the first direction, and the second sub-
pixel of the second pixel, and the first and third sub-
pixels of the first pixel are aligned along the first di-
rection,
wherein the fourth subpixel of the first pixel is dis-
posed between the second subpixel of the first pixel
and the first subpixel of the second pixel, and be-
tween the third subpixel of the first pixel and the sec-
ond subpixel of the second pixel.

6. The OLED device according to any one of claim 3,
wherein the plurality of pixels include a first pixel and
a second pixel which neighbor one another in a first
direction,
wherein the first, second and the third subpixels of
each of the first and second pixels are aligned along
the first direction, and
the fourth subpixel of the first pixel is disposed be-
tween the third subpixel of the first pixel and the first
subpixel of the second pixel.

7. The OLED device according to any one of claim 3,
wherein the plurality of pixels include a first pixel and
a third pixel which neighbor with one another in a
second direction,
wherein the first, second, and third subpixels of each
of the first and third pixels are arranged in a first
direction which is perpendicular to the second direc-
tion, and
the fourth subpixel of the first pixel is disposed be-
tween the first subpixel of the first pixel and the first
subpixel of the second pixel, between the second
subpixel of the first pixel and the second subpixel of
the second pixel, and between the third subpixel of
the first pixel and the third subpixel of the second
pixel.

8. The OLED device according to any one of claim 3,
wherein each of the plurality of pixels further includes
a fifth subpixel (SP5) configured to emit fifth-color
light, and
wherein the fourth subpixel of each of the pixels is
disposed between adjacent subpixels, the adjacent
subpixels being selected from the first subpixel, the

25 26 



EP 3 333 895 A1

16

5

10

15

20

25

30

35

40

45

50

55

second subpixel, the third subpixel, and the fifth sub-
pixel of the pixel.

9. The OLED device according to any claim 8, wherein
a width of the fourth subpixel in a first direction is
smaller than each of a width of the first subpixel in
the first direction, a width of the second subpixel in
the first direction, a width of the third subpixel in the
first direction, and a width of the fifth subpixel (W5)
in the first direction.

10. The OLED device according to claim 8 or 9, wherein
the plurality of pixels include a first pixel and a second
pixel which neighbor with one another in a first di-
rection,
wherein within each of the first and the second pixels,
the first and second subpixels are arranged in the
first direction, the first and fifth subpixels are ar-
ranged in a second direction which is perpendicular
to the first direction, and the second and third sub-
pixels are arranged in the second direction, and
wherein the fourth subpixel of the first pixel is dis-
posed between the second subpixel of the first pixel
and the first subpixel of the second pixel, and be-
tween the third subpixel of the first pixel and the fifth
subpixel of the second pixel.

11. The OLED device according to claim 8 or 9, wherein
the plurality of pixels include a first pixel and a third
pixel which neighbor with one another in a second
direction, or
the OLED device according to claim 10, wherein the
plurality of pixels includes a third pixel which neigh-
bors with the first pixel in a second direction;
wherein within each of the first and the third pixels,
the first and second subpixels are arranged in a first
direction, the first and the fifth subpixels are arranged
in the second direction which is perpendicular to the
first direction, and the second and the third subpixels
are arranged in the second direction, and
wherein the fourth subpixel of the first pixel is dis-
posed between the fifth subpixel of the first pixel and
the first subpixel of the third pixel, and between the
third subpixel of the first pixel and the second sub-
pixel of the third pixel.

12. The OLED device according to any one of claims 8
to 11, wherein the fifth-color light is same as one of
the first-color light, the second-color light, the third-
color light or the fourth-color light.

13. The OLED device according to any one of claims 3
to 12, wherein the fourth-color light is white.

14. THE OLED device of any one of claims 3 to 13,
wherein the fourth subpixel is adjacent to at least two
sides of at least one of the first subpixel, the second
subpixel or the third subpixel.

15. The electroluminescent display device of claim 1,
wherein the electroluminescent display device is an
organic light emitting display, OLED, device;
wherein the plurality of different color subpixels in-
cludes a first subpixel for emitting first-color light, a
second subpixel for emitting second-color light, a
third subpixel for emitting third-color light, and a
fourth subpixel for emitting fourth-color light; and
wherein the fourth subpixel has a first portion that is
disposed immediately adjacent a first subpixel and
a second subpixel and has a second portion that is
disposed immediately adjacent the first subpixel and
the third subpixel.
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