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ORGANIC WHITE LIGHT EMITTING
DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 14/222,417 filed Mar. 21, 2014, which
claims priority to and the benefit of Korean Patent Appli-
cation No. 10-2013-0063075, filed on May 31, 2013, in the
Korean Intellectual Property Office, the entire contents of
both of which are incorporated herein by reference.

BACKGROUND

[0002] 1. Field

[0003] The present embodiments relate to an organic
white light emitting display apparatus.

[0004] 2. Description of the Related Technology

[0005] Flat display apparatuses such as a plasma display
plane (PDP), liquid crystal display apparatuses, and organic
electroluminescence display apparatuses are attracting con-
siderable attention.

[0006] The liquid crystal display apparatus is not a self-
luminous device, but a light-receiving device, and thus there
is a limit in brightness, contrast, a vision angle, and forming
a large size device. The PDP is a self-luminous device, but
the PDP is heavier than other flat display apparatuses,
consumption power is high, and the manufacturing method
is complicated.

[0007] In contrast, the organic electroluminescence dis-
play apparatus is a self-luminous device and thus a superior
vision angle and contrast are shown, and since a backlight is
not necessary, a light and thin type is possible and less
consumption power is used compared to other display
apparatuses. Furthermore, a low DC voltage operation is
possible, response speed is high, the temperature range for
use is wide, the manufacturing method is simple and inex-
pensive, and it is resistant to external impacts.

[0008] In the organic electroluminescence display appa-
ratus, one unit pixel for expressing natural color is composed
of sub-pixels of red R, green G, and blue B, and the
sub-pixels may include an organic light emitting layer that
emits white light. When the organic electroluminescence
display apparatus is a top emission type, a gap between the
organic light emitting layer that emits light and a color filter
is large compared to a bottom emission type, and thus there
is a limit in implementing desired color.

SUMMARY

[0009] The present embodiments provide a top emission
type organic white light emitting display apparatus.

[0010] According to an aspect of the present embodi-
ments, there is provided an organic white light emitting
display apparatus including: a first substrate including a first
sub-pixel area, a second sub-pixel area, a third sub-pixel
area, wherein an organic light emitting device (OLED) is
formed in each sub-pixel area, the OLED includes a first
electrode, a second electrode, and an organic white light
emitting layer interposed between the first and second
electrodes and emits white light; a second substrate facing
the first substrate and including first, second, and third color
filters of different colors formed on positions corresponding
to the respective sub-pixel areas; and a partition wall formed
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on the first substrate, extending to an area between neigh-
boring color filters among the color filters and partitioning
the sub-pixel areas.

[0011] The second electrode of the OLED may be formed
on the partition wall.

[0012] The second substrate may include a black matrix
formed between the neighboring color filters.

[0013] The partition wall may contain a pigment of a color
other than colors of color filters arranged at both sides on the
basis of the partition wall.

[0014] A partition wall arranged between the first color
filter and the second color filter may contain a pigment of the
third color, a partition wall arranged between the second
color filter and the third color filter may contain a pigment
of the first color, and a partition wall arranged between the
third color filter and the first color filter may contain a
pigment of the second color.

[0015] The first color may be red, the second color may be
green, and the third color may be blue.

[0016] The organic white light emitting display apparatus
of claim 1 may further include: a thin film transistor (TFT)
formed on the first substrate; a planarization layer formed on
the TFT; a first pixel defined layer formed on the planariza-
tion layer and including an inclined surface and an opening
that defines the sub-pixel area; and a second pixel defined
layer formed on the first pixel defined layer, wherein a
peripheral part of the first electrode of the OLED is formed
on the inclined surface of the first pixel defined layer.
[0017] The partition wall may be formed on the second
pixel defined layer.

[0018] The partition wall and the second pixel defined
layer may be integrally formed.

[0019] The second pixel defined layer may cover the first
electrode formed on the inclined surface of the first pixel
defined layer.

[0020] According to another aspect of the present embodi-
ments, there is provided an organic white light emitting
display apparatus including: a first substrate including red,
green, and blue sub-pixel areas; a second substrate facing the
first substrate and including red, green, and blue color filters
formed at positions corresponding to the sub-pixel areas; a
pixel defined layer formed on the first substrate, the pixel
defined layer defines the sub-pixel areas; a partition wall
formed on the pixel defined layer, extending to an area
between neighboring color filters among the color filters and
partitioning the sub-pixel areas; a first electrode formed on
the first substrate and positioned for each of the sub-pixel
areas; an intermediate layer formed on the first electrode and
including an organic white light emitting layer; and a second
electrode formed on the intermediate layer and the partition
wall.

[0021] The partition wall may contain a pigment of a color
other than colors of color filters arranged at both sides on the
basis of the partition wall.

[0022] A partition wall extended to an area between the
red color filter and the green color filter may contain a blue
pigment, a partition wall extended to an area between the
green color filter and the blue color filter may contain a red
pigment, and a partition wall extended to an area between
the blue color filter and the red color filter may contain a
green pigment.

[0023] The organic white light emitting display apparatus
of claim 11 may further include: a thin film transistor (TFT)
formed on the first substrate; a planarization layer formed on
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the TFT; a first pixel defined layer formed on the planariza-
tion layer and including an inclined surface and an opening
that defines the sub-pixel area; and a second pixel defined
layer formed on the first pixel defined layer, wherein a
peripheral part of the first electrode of an organic light
emitting device is formed on the inclined surface of the first
pixel defined layer.

[0024] The first electrode may include reflective metal.
[0025] The partition wall may be formed on the second
pixel defined layer.

[0026] The partition wall and the second pixel defined
layer may be integrally formed.

[0027] The second substrate may further include a black
matrix formed in an area between the neighboring color
filters.

[0028] An upper part of the partition wall may be arranged
to correspond to the black matrix.

[0029] The second electrode may have translucency and
reflexibility that reflects at least some of light, which is
emitted toward the partition wall among white light emitted
from the intermediate layer, toward the second substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] The above and other features and advantages of the
present embodiments will become more apparent by
describing in detail example embodiments thereof with
reference to the attached drawings in which:

[0031] FIG. 1 is a cross-sectional diagram schematically
illustrating an organic white light emitting display apparatus
according to an embodiment;

[0032] FIG. 2 is a cross-sectional diagram illustrating one
sub-pixel area of FIG. 1; and

[0033] FIG. 3 is a cross-sectional diagram schematically
illustrating an organic white light emitting display apparatus
according to another embodiment.

DETAILED DESCRIPTION

[0034] As used herein, the term “and/or” includes any and
all combinations of one or more of the associated listed
items.

[0035] The present embodiments will now be described
more fully with reference to the accompanying drawings, in
which example embodiments are shown. The embodiments
may, however, be embodied in many different forms and
should not be construed as being limited to the embodiments
set forth herein; rather, these embodiments are provided so
that this disclosure will be thorough and complete, and will
fully convey the concept of the embodiments to those skilled
in the art. In the drawings, the thicknesses of layers and
regions are exaggerated for clarity. Terms such as “includ-
ing,” “having,” “consist of” may be intended to indicate a
plurality of components unless the terms are used with the
term “only.”

[0036] It will also be understood that when a layer is
referred to as being “on” another layer or substrate, it can be
directly on the other layer or substrate, or intervening layers
may also be present. Like reference numerals in the draw-
ings denote like elements, and thus their description will be
omitted.

[0037] FIG. 1 is a cross-sectional diagram schematically
illustrating an organic white light emitting display apparatus
(hereinafter, referred to as “display apparatus™) according to
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an embodiment, and FIG. 2 is a cross-sectional diagram
illustrating one sub-pixel area of FIG. 1.

[0038] A first substrate 101 includes a plurality of sub-
pixel areas. For example, the first substrate 101 may include
a first sub-pixel area (red), a second sub-pixel area (green),
and a third sub-pixel area (blue), and an organic light
emitting device (OLED) that emits white light is formed in
each sub-pixel area.

[0039] A second substrate 210 is arranged to face the first
substrate 101, and the second substrate 201 includes color
filters 202R, 202G, and 202B formed at positions corre-
sponding to respective sub-pixel areas, and a black matrix
formed between the color filters 202R, 202G, and 202B. The
display apparatus according to an embodiment is a top
emission type, and white light emitted from each sub-pixel
area emits red light, green light, and blue light as the white
light passes through the color filters 202R, 202G, and 202B
formed on the second substrate 201.

[0040] Partition walls 1134, 1135, and 113¢, which are
extended to areas between neighboring color filters 202R,
202G, and 202B and partition the sub-pixel areas, are
formed on the first substrate 101. The partition walls 1134,
1135, and 113¢ may be formed to cover one sub-pixel area
entirely or partly.

[0041] Color purity at each sub-pixel area may be
improved by the partition walls 113a, 1135, and 113¢. As a
comparative example of the present embodiments, a front-
emitting display apparatus without the partition walls 113a,
1135, and 113¢ that partition respective sub-pixel areas will
be described below.

[0042] In the display apparatus according to the compara-
tive example of the present embodiments, it is assumed that
power is supplied only to an OLED formed at a position
corresponding to the green color filter 202G in order to view
green light. In this case, there is a gap between the first
substrate and the second substrate, and thus white light
emitted from the OLED emits toward all directions. A part
of the emitted light emits toward the red color filter 202R
and the blue color filter 202B included in pixels adjacent to
the green pixel. Hence, a user views red and blue light as
well as green light, and thus it is impossible to display pure
green light. Color purity of green is deteriorated.

[0043] However, according to an embodiment, the parti-
tion walls 113a, 1134, and 113¢ that partition adjacent
sub-pixel areas are provided, and thus the mixture of colors
other than the desired colors may be prevented.

[0044] Hereinafter, the structure of the display apparatus
of the present embodiments will be described with reference
to FIGS. 1 and 2.

[0045] The first substrate 101 may be made of glass or
plastic. For example, the first substrate 101 may comprise an
organic insulation material selected from a group composed
of polyethersulphone (PES), polyacrylate (PAR), polyether-
imide (PEI), polyethyelenen napthalate (PEN), polyethyele-
neterepthalate (PET), polyphenylene sulphide (PPS), poly-
allylate, polyimide, polycarbonate (PC), cellulose triacetate
(TAC), and cellulose acetate propionate (CAP) which are
insulating organic matters.

[0046] The display apparatus according to the present
embodiments includes a top emission type display appara-
tus, and thus the first substrate 101 may comprise one or
more selected from a group composed of iron, chrome,
manganese, nickel, titanium, molybdenum, stainless steel
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(SUS), Invar alloy, Inconel alloy, and Kovar alloy, but the
present embodiments are not limited thereto.

[0047] A buffer layer 102 may be formed on the first
substrate 101. The buffer layer 102 may comprise one of a
silicon oxide film, a silicon nitride film and multiple films
thereof.

[0048] A thin film transistor (TFT) is formed on the buffer
layer 102. At least one TFT is formed for each pixel and is
electrically connected to the OLED to operate as a driving
circuit unit. The TFT broadly includes an active layer 131,
a gate electrode 132, a source electrode 1335, and a drain
electrode 1334.

[0049] The active layer 131 may comprise an inorganic
semiconductor such as amorphous silicon or poly silicon, or
an organic semiconductor, and includes a source area 131s,
a drain area 131d, and a channel area 131c. The source and
drain areas 131s and 1314 may be formed by doping
impurities to the active layer 131 comprising amorphous
silicon or poly silicon. If doped by group III elements such
as boron B, a p-type semiconductor may be formed, and if
doped by group V elements such as nitrogen N, an n-type
semiconductor may be formed.

[0050] A gate insulation layer 103 is formed on the upper
part of the active layer 131, and the gate electrode 132 is
formed on a predetermined area of the upper part of the gate
insulation layer 103. The gate insulation layer 103 is used to
insulate the active layer 131 and the gate electrode 132, and
may comprise organic material or inorganic material such as
silicon oxide and silicon nitride.

[0051] The gate electrode 132 may comprise metal such as
Au, Ag, Cu, Ni, Pt, Pd, Al, and Mo, or a metal alloy such as
an AI:Nd alloy and a Mo:W alloy, but the present embodi-
ments are not limited thereto, and various materials may be
used in consideration of coherence with an adjacent layer,
flatness of a stacked layer, electric resistance, formability,
etc.

[0052] An interlayer insulation film 104 including a con-
tact hole is formed on the upper part of the gate electrode
132. The source electrode 1335 and the drain electrode 1334
are formed to contact the source area and the drain area of
each active layer 131 through the contact hole. The source
electrode 133s and the drain electrode 1334 may comprise
metal such as Au, Ag, Cu, Ni, Pt, Pd, Al, and Mo, or a metal
alloy such as an Al:Nd alloy and a Mo:W alloy, but the
present embodiments are not limited thereto.

[0053] The formed TFT is covered and protected by a
planarization layer 105. The planarization layer 105 may
comprise an inorganic insulation film and/or an organic
insulation film.

[0054] Thereafter, a pixel defined layer 110 made of
insulating materials is formed on the planarization layer. The
OLED including a first electrode 121, an intermediate layer
122, and a second electrode 123 is formed on the sub-pixel
area defined by the pixel-defined layer 110. Here, the first
electrode, e.g., a peripheral part of the first electrode, may
include an inclined surface so that light, which is emitted in
a horizontal direction, e.g., a right and left direction of the
display apparatus of FIG. 2, among white light emitted from
the intermediate layer 122, may be reflected to be emitted
toward the second substrate 201.

[0055] The pixel defined layer may include a first pixel
defined layer 111 and a second pixel defined layer 112
formed on the first pixel defined layer 111, and the first
electrode 121 may be formed between the first pixel defined
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layer 111 and the second pixel defined layer 112. The first
pixel defined layer 111 and the second pixel defined layer
112 may comprise one or more organic materials selected
from a group composed of polyimide, polyamide, acrylic
resin, benzocyclobutene, and phenol resin.

[0056] First, an opening is formed so that the peripheral
part of the first pixel defined layer 111 may have an inclined
surface, and the first electrode 121 is formed on the opening
and the inclined surface of the first pixel defined layer 111.
The first electrode 121 may be electrically connected to the
drain electrode 1334 of the TFT through the contact hole
formed at the edge of the first pixel defined layer 111.

[0057] As illustrated in FIG. 2, as the peripheral part of the
first electrode 121 is formed on the inclined surface of the
first pixel defined layer 111, the first electrode 121 may also
include an inclined surface having a predetermined angle
toward the first substrate 101. The first electrode is a
reflective electrode, and may contain reflective metal com-
prising Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, or an alloy
thereof, etc.

[0058] Hence, light, which is emitted in a horizontal
direction, e.g., toward the first pixel defined layer 111,
among white light emitted from the intermediate layer 122,
is reflected to be emitted toward the second substrate 201,
and thus optical efficiency may be improved.

[0059] The second pixel defined layer 112 including an
opening, which has substantially the same shape as that of
the opening of the first pixel defined layer, is formed on the
first electrode 121, and the intermediate layer 122 including
an organic white light emitting layer is formed on the second
pixel defined layer 112.

[0060] When the organic white light emitting layer of the
intermediate layer 122 comprises low molecular organic
materials, a hole transport layer, a hole injection layer, an
electron transport layer, an electron injection layer, etc. may
be stacked. Furthermore, various other layers may be
stacked as necessary. Alternatively, when the organic white
light emitting layer of the intermediate layer 122 comprises
high molecular organic materials, only the hole transport
layer may be included on the basis of the organic white light
emitting layer.

[0061] The partition walls 113a, 1135, and 113¢ are
formed on the second pixel defined layer 112, and as
described above, the partition walls 113a, 1135, and 113¢ are
interposed between areas between the color filters 202R,
202G, and 202B, e.g., neighboring sub-pixel areas, so as to
spatially separate the pixels and prevent light emitted from
each sub-pixel area from being emitted toward adjacent
sub-pixel areas. The partition walls 1134, 1135, and 113¢
may comprise one or organic materials selected from a
group composed of polyimide, polyamide, acrylic resin,
benzocyclobutene, and phenol resin.

[0062] A second electrode 123 is formed on the partition
walls 113a, 1135, and 113c. The second electrode 123 is a
light-transmitting electrode and may comprise a transparent
conductive layer comprising ITO, IZO, ZnO or In203, or
thin metal such as a Mg:Ag alloy. In particular, When the
second electrode 123 comprises a thin Mg:Ag alloy, the
second electrode 123 may have translucency and reflect
light, and thus as illustrated in FIG. 2, part of light emitted
toward the partition walls 1134, 1135, and 113¢ among light
emitted from the organic white light emitting layer is
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reflected in the second electrode 123 to be emitted toward
the color filters 202R, 202G, and 202B, thereby enhancing
light collecting efliciency.

[0063] A part of the remaining light that is emitted toward
the partition walls 113¢, 1135, and 113¢ among light emitted
from the organic white light emitting layer is not reflected by
the second electrode 123, and may be absorbed in the
partition walls 113a, 1135, and 113¢. Here, in order to block
light that fails to be absorbed in the partition walls 113q,
1136, and 113¢ and is transmitted among light emitted
toward the partition walls 113a, 1135, and 113c¢, the partition
walls 113a, 1136, and 113¢ may include pigments of a color
other than the color of the color filters 202R, 202G, and
202B arranged at both sides on the basis of the partition
walls 1134, 1135, and 113¢. For example, the partition wall
1135 arranged between the red color filter 202R and the
green color filter 202G may contain blue pigments, the
partition wall 113¢ arranged between the green color filter
202G and the blue color filter 202B may contain red
pigments, and the partition wall 113¢ arranged between the
blue color filer 202B and the red color filter 202R may
contain green pigments.

[0064] For example, as illustrated in FIG. 2, light that is
emitted toward the partition wall 1135 among white light
emitted from the intermediate layer 122 corresponding to the
red sub-pixel area may be mostly absorbed in the partition
wall 1135, but light that fails to be absorbed in the partition
wall 1135 may pass through the partition wall 1135 and
become blue light. However, according to an embodiment,
the color filters 202R and 202G arranged at both sides of the
partition wall 1135 do not transmit blue light, and thus the
blue light may not be emitted toward the external side.
[0065] Likewise, since respective partition walls 113a,
1135, and 113¢ contain pigments, a little amount of light that
fails to be absorbed in the partition walls 113a, 1135, and
113¢ may be prevented from being viewed from the external
side, and thus light having a color other than colors of the
sub-pixel areas is prevented from being emitted to an
external side and color purity at each sub-pixel area may be
enhanced.

[0066] FIG. 3 is a cross-sectional diagram schematically
illustrating an organic white light emitting display apparatus
(hereinafter, referred to as “display apparatus”) according to
another embodiment.

[0067] The display apparatus according to the present
embodiment includes a first substrate 101 including a plu-
rality of sub-pixel areas, an organic light emitting device
(OLED) formed for each sub-pixel area, and a second
substrate 201 including red, green, and blue color filters
202R, 202G, and 202B formed on positions corresponding
to respective sub-pixel areas.

[0068] Furthermore, partition walls 1134', 1134', and 113¢'
are extended toward areas between neighboring color filters
202R, 202G, and 202B, the second electrode 123 is formed
on the partition walls 113a', 1134, and 113¢, the first
electrode 121 is formed on the first pixel defined layer 111
having an inclined surface so that the peripheral part of the
first electrode 121 includes an inclined surface, and the
partition walls 113a', 1134', and 113¢' contain pigments as
described with reference to FIGS. 1 and 2.

[0069] The description will focus on the differences with
the description of FIGS. 1 and 2.

[0070] In the display apparatus according to the present
embodiment, the second pixel defined layer and the partition
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walls 1134', 1134, and 113¢' may be integrally formed. In
this case, the intermediate layer 122 and the second elec-
trode 123 may be formed on the partition walls 113¢', 1135,
and 113¢"

[0071] First, an opening is formed so that the peripheral
part of the first pixel defined layer 111 may have an inclined
surface, and the first electrode 121 is formed on the opening
and the inclined surface of the first pixel defined layer 111.
The peripheral part of the first electrode 121 is formed on the
inclined surface of the first pixel defined layer 111, and thus
light, which is emitted in a horizontal direction, e.g., toward
the first pixel defined layer 111 among white light emitted
from the intermediate layer 122, may be reflected in the
inclined surface of the first electrode 121 to be emitted
toward the second substrate 201, as described with reference
to FIG. 2.

[0072] Next, the partition walls 113a', 1135', and 113¢'
extended toward the areas between the color filters 202R,
202G, and 202B are formed. The partition walls 1134/,
1134', and 113¢" are interposed between the neighboring
sub-pixel areas to spatially separate the pixels and prevent
light emitted from each sub-pixel area from being emitted
toward the adjacent sub-pixel areas. The partition walls
113a', 1134, and 113¢' may comprise one or more organic
material selected from a group composed of polyimide,
polyamide, acrylic resin, benzocyclobutene, and phenol
resin. Thereafter, the intermediate layer 122 and the second
electrode 123 are formed on the partition walls 1134, 1134/,
and 113¢"

[0073] Furthermore, some of light emitted from the OLED
is reflected to be emitted toward the color filters 202R,
202G, and 202B by the second electrode 123 formed on the
partition walls 113¢', 1135', and 113¢', and the partition walls
1134, 1135', and 113¢' contain pigments in order to prevent
light that fails to be absorbed in the partition walls 1134/,
113%', and 113¢' and transmits the partition walls 1134',
1134', and 113¢' from being viewed from the external side,
as described above.

[0074] According to an embodiment, partition walls that
entirely or partially surround respective sub-pixels are
formed, and thus light emitted from one sub-pixel may be
prevented from entering an adjacent sub-pixel, light may be
prevented from being emitted through other sub-pixels when
one sub-pixel is turned on, and color purity of light emitted
from each sub-pixel area may be enhanced.

[0075] Furthermore, the first electrode is formed to have
an inclined surface, and thus light collecting efliciency may
be enhanced.

[0076] While the present embodiments have been particu-
larly shown and described with reference to example
embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and
details may be made therein without departing from the
spirit and scope of the present embodiments as defined by
the following claims.

What is claimed is:

1. A display apparatus comprising:

a substrate including a first sub-pixel area, a second
sub-pixel area, a third sub-pixel area;

an thin film transistor (TFT) on the substrate;

a first electrode in each sub-pixel area and electrically
connected to the TFT;

an organic light emitting layer over the first electrode;
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a second electrode over the organic light emitting layer;

and

a first pixel defined layer disposed between the TFT and

the first electrode, wherein the first electrode is dis-
posed over the first pixel defined layer such that i) a part
of the first electrode and the organic light emitting layer
are disposed within an opening defined in the first pixel
defined layer and ii) a peripheral part of the first
electrode is disposed over an inclined surface of the
first pixel defined layer surrounding the opening.

2. The display apparatus of claim 1, wherein the first
electrode is connected to the TFT via a hole passing through
the first defined layer.

3. The display apparatus of claim 1, further comprises a
second pixel defined layer over the first pixel defined layer,
wherein at least a portion of the peripheral part of the first
electrode is between the first pixel defined layer and the
second pixel defined layer.

4. The display apparatus of claim 1, further comprises a
planarization layer covering the TFT and including a mate-
rial different from that of the first pixel defined layer.
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5. The display apparatus of claim 4, a surface of the
planarization layer contacts the part of the first electrode
corresponding to the opening.

6. The display apparatus of claim 1, further comprises a
resin layer between the peripheral part of the first electrode
and the second electrode.

7. The display apparatus of claim 1, further comprises:

a color filter corresponding to each sub-pixel area; and

a black matrix between a neighboring color filters.

8. The display apparatus of claim 7, further comprises a
partition wall, wherein the partition wall includes a pigment.

9. The display apparatus of claim 8, wherein the pigment
has a color other than colors of adjacent color filters which
are arranged at both sides on the basis of the partition wall.

10. The display apparatus of claim 1, wherein the first
electrode is reflective and the second electrode has translu-
cency.
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