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(57) ABSTRACT

A light emitting display apparatus may include a substrate,
a plurality of pixels having a plurality of subpixels on the
substrate, a light extraction portion disposed on the substrate
and in each of the plurality of subpixels, and a light emitting
device layer on the light extraction portion. The light extrac-
tion portion may include a plurality of concave portions and
a convex portion between the plurality of concave portions.
A tilt line passing through a center portion of each of the
plurality of concave portions at one or more of the plurality
of subpixels may be inclined from a straight line parallel to
a length direction of the substrate.
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LIGHT EMITTING DISPLAY APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of and priority
to Korean Patent Application No. 10-2022-0128537, filed on
Oct. 7, 2022, the entirety of which is incorporated herein by
reference for all purposes.

1. TECHNICAL FIELD

[0002] The present disclosure relates to a display appara-
tus and particularly to, for example, without limitation, a
light emitting display apparatus.

2. DISCUSSION OF THE RELATED ART

[0003] A light emitting display device exhibits a high
response speed while maintaining low power consumption.
Unlike a liquid crystal display device, the light emitting
display device is a self-emissive display device and does not
require a separate light source. Thus, there is typically no
problem with the viewing angle. Accordingly, a light emit-
ting display device has received attention as a next genera-
tion flat panel display device.

[0004] A light emitting display device displays an image
through light emission of an emitting device layer including
an emission layer interposed between two electrodes.
[0005] However, since some of the light emitted from the
emitting device layer is not emitted to the outside due to total
reflection at the interface between the emitting device layer
and the electrode and/or total reflection at the interface
between the substrate and the air layer, the light extraction
efficiency is reduced. Accordingly, the emitting display
device has problems in that brightness is reduced due to low
light extraction efficiency, and power consumption is
increased.

[0006] The description provided in the discussion of the
related art section should not be assumed to be prior art
merely because it is mentioned in or associated with that
section. The discussion of the related art section may include
information that describes one or more aspects of the subject
technology, and the description in this section does not limit
the invention.

SUMMARY

[0007] One or more aspects of the present disclosure are
directed to providing a light emitting display device that
substantially obviates one or more problems due to limita-
tions and disadvantages of the related art.

[0008] An aspect of the present disclosure is directed to
providing a light emitting display apparatus in which a stain
pattern of reflected light, occurring due to the multi-inter-
ference and/or constructive interference of light caused by
the reflection of external light, may be minimized or
reduced.

[0009] Another aspect of the present disclosure is directed
to providing a light emitting display apparatus in which the
occurrence of a radial-shaped rainbow pattern and a radial-
shaped circular ring pattern, based on a diffraction pattern of
reflected light occurring due to the multi-interference and/or
constructive interference of light caused by the reflection of
external light, may be minimized or reduced.
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[0010] Yet another aspect of the present disclosure is to
provide a light emitting display apparatus capable of reduc-
ing degradation of black visibility characteristics caused by
reflection of external light.

[0011] The aspects of the present disclosure are not limited
to the aforesaid, but other aspects not described herein will
be clearly understood by those skilled in the art from the
description herein.

[0012] To achieve these and other aspects of the present
disclosure, as embodied and broadly described herein, in one
or more aspects, a light emitting display apparatus may
include a substrate; a plurality of pixels having a plurality of
subpixels on the substrate; a light extraction portion dis-
posed on the substrate and in each of the plurality of
subpixels; and a light emitting device layer on the light
extraction portion. The light extraction portion may include
a plurality of concave portions and a convex portion
between the plurality of concave portions, and a tilt line
passing through a center portion of each of the plurality of
concave portions at one or more of the plurality of subpixels
may be inclined from a straight line parallel to a length
direction of the substrate.

[0013] According to one or more example embodiments of
the present disclosure, an angle between the straight line and
the tilt line may be more than O degrees and less than 60
degrees.

[0014] According to one or more example embodiments of
the present disclosure, the light extraction portion may have
rotated with respect to a reference point within a correspond-
ing subpixel.

[0015] According to one or more example embodiments of
the present disclosure, the light extraction portion may have
rotated by an angle of more than 0 degrees and less than 60
degrees with respect to a center portion of one of a plurality
of concave portions of a corresponding subpixel.

[0016] In the light emitting display apparatus according to
one or more example embodiments of the present specifi-
cation, the light extraction efficiency of light which is
emitted from a light emitting device layer may be improved.
[0017] In a light emitting display apparatus according to
one or more example embodiments of the present disclosure,
a tilt line passing through center portions of concave por-
tions of a light extraction portion in one or more of a
plurality of subpixels may be inclined with respect to a
straight line parallel to a length direction of a substrate, and
thus, a diffraction pattern of reflected light occurring in the
light extraction portion may be offset or minimized, or the
occurrence of a radial-shaped rainbow pattern and a radial-
shaped circular ring pattern of the reflected light caused by
the irregularity or randomness of the diffraction pattern of
the reflected light may be prevented or minimized.

[0018] In the light emitting display device according to
one or more example embodiments of the present disclosure,
the degradation of black visibility characteristics by the
reflection of external light may be reduced, thereby a real
black in a non-driving or turning-off state may be realized.
[0019] Other aspects, features and advantages of the pres-
ent disclosure are set forth in the present disclosure and will
also be apparent from the present disclosure or may be
learned by practice of the inventive concepts provided
herein. Other aspects, features and advantages of the present
disclosure may be realized and attained by the descriptions
provided in the present disclosure, including the claims and
the drawings.
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[0020] Furthermore, other devices, methods, features and
advantages will be, or will become, apparent to one with
skill in the art upon examination of the drawings and
detailed description herein. It is intended that all such
devices, methods, features and advantages be included
within this description, be within the scope of the present
disclosure, and be protected by the following claims. Noth-
ing in this section should be taken as a limitation on the
claims. Further aspects and advantages are discussed below
in conjunction with embodiments of the disclosure.

[0021] It is to be understood that both the foregoing
description and the following description of the present
disclosure are exemplary and explanatory, and are intended
to provide further explanation of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are included
to provide a further understanding of the disclosure, are
incorporated in and constitute a part of this disclosure,
illustrate aspects and embodiments of the disclosure, and
together with the description serve to explain principles of
the disclosure.

[0023] FIG. 1 is a view schematically illustrating a light
emitting display apparatus according to an example embodi-
ment of the present disclosure.

[0024] FIG. 2 is an example of a cross-sectional view
illustrating one subpixel shown in FIG. 1.

[0025] FIG. 3 is a plan view illustrating an example of a
portion of a light extraction portion shown in FIG. 2.
[0026] FIG. 4 is a view illustrating a reflection phenom-
enon of external light caused by a light extraction portion in
a light emitting display apparatus according to an example
embodiment of the present disclosure.

[0027] FIG. 5 is a view schematically illustrating one
subpixel shown in a light emitting display apparatus accord-
ing to another example embodiment of the present disclo-
sure.

[0028] FIG. 6 is an example of an enlarged view of part
“A” shown in FIG. 5.

[0029] FIG. 7 is an example of a cross-sectional view
taken along line I-I' shown in FIG. 5.

[0030] FIG. 8 is a diagram illustrating a reflection phe-
nomenon of external light by a light extraction portion, in a
light emitting display apparatus according to another
example embodiment of the present disclosure.

[0031] FIG. 9 is a diagram illustrating a plurality of pixel
blocks provided in a light emitting display apparatus accord-
ing to another example embodiment of the present disclo-
sure.

[0032] FIG. 10A is an example of a diagram illustrating a
rotation structure of a pixel-based light extraction portion
disposed in one pixel block shown in FIG. 9.

[0033] FIG. 10B is an example of an enlarged view of a
light extraction portion provided in a pixel group at the first
row and the jth column shown in FIG. 10A.

[0034] FIG. 10C is an example of an enlarged view of a
light extraction portion provided in a pixel group at the
second row and the jth column shown in FIG. 10A.
[0035] FIG. 11 is an example of a diagram illustrating a
rotation structure of a pixel group-based light extraction
portion disposed in one pixel block shown in FIG. 9.
[0036] FIG. 12 is an example of a diagram illustrating a
rotation structure of a subpixel-based light extraction portion
disposed in one pixel block shown in FIG. 9.
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[0037] FIG. 13 is an example of a diagram illustrating four
subpixels shown in FIG. 12.

[0038] FIG. 14A is an example of a diagram illustrating a
light extraction portion of a first subpixel shown in FIG. 13.
[0039] FIG. 14B is an example of a diagram illustrating a
light extraction portion of a second subpixel shown in FIG.
13.

[0040] FIG. 14C is an example of a diagram illustrating a
light extraction portion of a third subpixel shown in FIG. 13.
[0041] FIG. 14D is an example of a diagram illustrating a
light extraction portion of a fourth subpixel shown in FIG.
13.

[0042] FIG. 15 is a diagram illustrating one pixel in a light
emitting display apparatus according to another example
embodiment of the present disclosure.

[0043] FIG. 16A is a photograph illustrating black visibil-
ity characteristics of the light emitting display apparatus
according to an example embodiment of the present disclo-
sure shown in FIG. 2.

[0044] FIG. 16B is a photograph illustrating black visibil-
ity characteristics of the light emitting display apparatus
according to another example embodiment of the present
disclosure shown in FIG. 5.

[0045] Throughout the drawings and the detailed descrip-
tion, unless otherwise described, the same drawing reference
numerals should be understood to refer to the same ele-
ments, features, and structures. The sizes, lengths, and
thicknesses of layers, regions and elements, and depiction
thereof may be exaggerated for clarity, illustration, and
convenience.

DETAILED DESCRIPTION

[0046] Reference is now made in detail to embodiments of
the present disclosure, examples of which may be illustrated
in the accompanying drawings. In the following description,
when a detailed description of well-known methods, func-
tions, structures or configurations may unnecessarily
obscure aspects of the present disclosure, the detailed
description thereof may have been omitted for brevity.
Further, repetitive descriptions may be omitted for brevity.
The progression of processing steps and/or operations
described is a non-limiting example.

[0047] The sequence of steps and/or operations is not
limited to that set forth herein and may be changed to occur
in an order that is different from an order described herein,
with the exception of steps and/or operations necessarily
occurring in a particular order. In one or more examples, two
operations in succession may be performed substantially
concurrently, or the two operations may be performed in a
reverse order or in a different order depending on a function
or operation involved.

[0048] Unless stated otherwise, like reference numerals
may refer to like elements throughout even when they are
shown in different drawings. In one or more aspects, iden-
tical elements (or elements with identical names) in different
drawings may have the same or substantially the same
functions and properties unless stated otherwise. Names of
the respective elements used in the following explanations
are selected only for convenience and may be thus different
from those used in actual products.

[0049] Advantages and features of the present disclosure,
and implementation methods thereof, are clarified through
the embodiments described with reference to the accompa-
nying drawings. The present disclosure may, however, be
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embodied in different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are examples and are provided so that this
disclosure may be thorough and complete to assist those
skilled in the art to understand the inventive concepts
without limiting the protected scope of the present disclo-
sure. Further, the present disclosure is defined by the scope
of claims and their equivalents.

[0050] Shapes, dimensions (e.g., sizes, lengths, widths,
heights, thicknesses, locations, radii, diameters, and areas),
ratios, angles, numbers, the number of elements, and the like
disclosed herein, including those illustrated in the drawings,
are merely examples, and thus, the present disclosure is not
limited to the illustrated details. It is, however, noted that the
relative dimensions of the components illustrated in the
drawings are part of the present disclosure.

[0051] When the term “comprise,” “have,” “include,”
“contain,” “constitute,” “made of,” “formed of,” “composed
of,” or the like is used with respect to one or more elements,
one or more other elements may be added unless a term such
as “only” or the like is used. The terms used in the present
disclosure are merely used in order to describe particular
example embodiments, and are not intended to limit the
scope of the present disclosure. The terms of a singular form
may include plural forms unless the context clearly indicates
otherwise. The word “exemplary” is used to mean serving as
an example or illustration. Embodiments are example
embodiments. Aspects are example aspects. “Embodi-
ments,” “examples,” “aspects,” and the like should not be
construed to be preferred or advantageous over other imple-
mentations. An embodiment, an example, an example
embodiment, an aspect, or the like may refer to one or more
embodiments, one or more examples, one or more example
embodiments, one or more aspects, or the like, unless stated
otherwise. Further, the term “may” encompasses all the
meanings of the term “can.”

[0052] In one or more aspects, unless explicitly stated
otherwise, an element, feature, or corresponding information
(e.g., a level, range, dimension, size, or the like) is construed
to include an error or tolerance range even where no explicit
description of such an error or tolerance range is provided.
An error or tolerance range may be caused by various factors
(e.g., process factors, internal or external impact, noise, or
the like). In interpreting a numerical value, the value is
interpreted as including an error range unless explicitly
stated otherwise.

[0053] In describing a positional relationship, where the
positional relationship between two elements (e.g., layers,
films, regions, components, sections, or the like) is
described, for example, using “on,” “upon,” “on top of,”
“over,” ‘“‘under,” “above,” “below,” “beneath,” ‘“near,”
“close to,” “adjacent to,” “beside,” “next to,” “at or on a side
of” or the like, one or more other elements may be located
between the two elements unless a more limiting term, such
as “immediate(ly),” “direct(ly),” or “close(ly),” is used. For
example, when an element is described as being positioned
“on,” “on a top of,” “upon,” “on top of,” “over,” “under,”
“above,” “below,” “beneath,” “near,” “close to,” “adjacent
to,” “beside,” “next to,” or “at or on a side of” another
element, this description should be construed as including a
case in which the elements contact each other directly as
well as a case in which one or more additional elements are
disposed or interposed therebetween. Furthermore, the terms
“front,” “rear,” “back,” “left,” “right,” “top,” “bottom,”
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2 < 2 <

“downward,” “upward,” “upper,” “lower,” “up,” “down,”
“column,” “row,” “vertical,” “horizontal,” and the like refer

to an arbitrary frame of reference.
relative

[0054] Spatially terms, such as “below,”
“beneath,” “lower,” “on,” “above,” “upper” and the like, can
be used to describe a correlation between various elements
(e.g., layers, films, regions, components, sections, or the
like) as shown in the drawings. The spatially relative terms
are to be understood as terms including different orientations
of the elements in use or in operation in addition to the
orientation depicted in the drawings. For example, if the
elements shown in the drawings are turned over, elements
described as “below” or “beneath” other elements would be
oriented “above” other elements. Thus, the term “below,”
which is an example term, can include all directions of
“above” and “below.” Likewise, an exemplary term “above”
or “on” can include both directions of “above” and “below.”

[0055] In describing a temporal relationship, when the
temporal order is described as, for example, “after,” “sub-
sequent,” “next,” “before,” “preceding,” “prior to,” or the
like, a case that is not consecutive or not sequential may be
included and thus one or more other events may occur
therebetween, unless a more limiting term, such as “just,”
“immediate(ly),” or “direct(ly),” is used.

[0056] It is understood that, although the terms “first,”
“second,” and the like may be used herein to describe
various elements (e.g., layers, films, regions, components,
sections, or the like), these elements should not be limited by
these terms, for example, to any particular order, prece-
dence, or number of elements. These terms are used only to
distinguish one element from another. For example, a first
element could be a second element, and, similarly, a second
element could be a first element, without departing from the
scope of the present disclosure. Furthermore, the first ele-
ment, the second element, and the like may be arbitrarily
named according to the convenience of those skilled in the
art without departing from the scope of the present disclo-
sure. For clarity, the functions or structures of these elements
(e.g., the first element, the second element, and the like) are
not limited by ordinal numbers or the names in front of the
elements. Further, a first element may include one or more
first elements. Similarly, a second element or the like may
include one or more second elements or the like.

[0057] In describing elements of the present disclosure,
the terms “first,” “second,” “A,” “B,” “(a),” “(b),” or the like
may be used. These terms are intended to identify the
corresponding element(s) from the other element(s), and
these are not used to define the essence, basis, order, or
number of the elements.

[0058] For the expression that an element (e.g., layer, film,
region, component, section, or the like) is “connected,”
“coupled,” “attached,” “adhered,” or the like to another
element, the element can not only be directly connected,
coupled, attached, adhered, or the like to another element,
but also be indirectly connected, coupled, attached, adhered,
or the like to another element with one or more intervening
elements disposed or interposed between the elements,
unless otherwise specified.

[0059] For the expression that an element (e.g., layer, film,
region, component, section, or the like) “contacts,” “over-
laps,” or the like with another element, the element can not
only directly contact, overlap, or the like with another

element, but also indirectly contact, overlap, or the like with

2 2
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another element with one or more intervening elements
disposed or interposed between the elements, unless other-
wise specified.

[0060] The phase that an element (e.g., layer, film, region,
component, section, or the like) is “provided in,” “disposed
in,” or the like in another element may be understood as that
at least a portion of the element is provided in, disposed in,
or the like in another element, or that the entirety of the
element is provided in, disposed in, or the like in another
element. The phrase “through” may be understood to be at
least partially through or entirely through. The phase that an
element (e.g., layer, film, region, component, section, or the
like) “contacts,” “overlaps,” or the like with another element
may be understood as that at least a portion of the element
contacts, overlaps, or the like with a least a portion of
another element, that the entirety of the element contacts,
overlaps, or the like with a least a portion of another
element, or that at least a portion of the element contacts,
overlaps, or the like with the entirety of another element.
[0061] The terms such as a “line” or “direction” should not
be interpreted only based on a geometrical relationship in
which the respective lines or directions are parallel or
perpendicular to each other, and may be meant as lines or
directions having wider directivities within the range within
which the components of the present disclosure can operate
functionally. For example, the terms “first direction,” “sec-
ond direction,” and the like, such as the terms “first direction
X,” “second direction Y,” and “diagonal direction,” should
not be interpreted only based on a geometrical relationship
in which the respective directions are parallel or perpen-
dicular to each other, and may be meant as directions having
wider directivities within the range within which the com-
ponents of the present disclosure can operate functionally.
[0062] The term “at least one” should be understood as
including any and all combinations of one or more of the
associated listed items. For example, each of the phrases “at
least one of a first item, a second item, or a third item” and
“at least one of a first item, a second item, and a third item”
may represent (i) a combination of items provided by two or
more of the first item, the second item, and the third item or
(i1) only one of the first item, the second item, or the third
item.

[0063] The expression of a first element, a second ele-
ments “and/or” a third element should be understood as one
of the first, second and third elements or as any or all
combinations of the first, second and third elements. By way
of'example, A, B and/or C may refer to only A; only B; only
C; any of A, B, and C (e.g., A, B, or C); some combination
of A, B, and C (e.g., A and B; A and C; or B and C); or all
of A, B, and C. Furthermore, an expression “A/B” may be
understood as A and/or B. For example, an expression “A/B”
may refer to only A; only B; A or B; or A and B.

[0064] In one or more aspects, the terms “between” and
“among” may be used interchangeably simply for conve-
nience unless stated otherwise. For example, an expression
“between a plurality of elements” may be understood as
among a plurality of elements. In another example, an
expression “among a plurality of elements” may be under-
stood as between a plurality of elements. In one or more
examples, the number of elements may be two. In one or
more examples, the number of elements may be more than
two. Furthermore, when an element (e.g., layer, film, region,
component, section, or the like) is referred to as being
“between” at least two elements, the element may be the
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only element between the at least two elements, or one or
more intervening elements may also be present.

[0065] In one or more aspects, the phrases “each other”
and “one another” may be used interchangeably simply for
convenience unless stated otherwise. For example, an
expression “different from each other” may be understood as
being different from one another. In another example, an
expression “different from one another” may be understood
as being different from each other. In one or more examples,
the number of elements involved in the foregoing expression
may be two. In one or more examples, the number of
elements involved in the foregoing expression may be more
than two.

[0066] In one or more aspects, the phrases “one or more
among” and “one or more of” may be used interchangeably
simply for convenience unless stated otherwise. In one or
more aspects, unless stated otherwise, the term “nth” may
refer to “nnd” (e.g., 2nd where n is 2), or “nrd” (e.g., 3rd
where n is 3), and n may be a natural number.

[0067] The term “or” means “inclusive or” rather than
“exclusive or.” That is, unless otherwise stated or clear from
the context, the expression that “x uses a or b” means any
one of natural inclusive permutations. For example, “a or b”
may mean “a,” “b,” or “a and b.” For example, “a, b or ¢”
may mean “a,” “b,” “c,” “a and b,” “b and ¢,” “a and ¢,” or
“a, b and ¢.”

[0068] Features of various embodiments of the present
disclosure may be partially or entirely coupled to or com-
bined with each other, may be technically associated with
each other, and may be variously operated, linked or driven
together in various ways. Embodiments of the present dis-
closure may be implemented or carried out independently of
each other or may be implemented or carried out together in
a co-dependent or related relationship. In one or more
aspects, the components of each apparatus and device
according to various embodiments of the present disclosure
are operatively coupled and configured.

[0069] Unless otherwise defined, the terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary skill
in the art to which example embodiments belong. It is
further understood that terms, such as those defined in
commonly used dictionaries, should be interpreted as having
a meaning that is, for example, consistent with their meaning
in the context of the relevant art and should not be inter-
preted in an idealized or overly formal sense unless
expressly defined otherwise herein.

[0070] The terms used herein have been selected as being
general in the related technical field; however, there may be
other terms depending on the development and/or change of
technology, convention, preference of technicians, and so
on. Therefore, the terms used herein should not be under-
stood as limiting technical ideas, but should be understood
as examples of the terms for describing example embodi-
ments.

[0071] Further, in a specific case, a term may be arbitrarily
selected by an applicant, and in this case, the detailed
meaning thereof is described herein. Therefore, the terms
used herein should be understood based on not only the
name of the terms, but also the meaning of the terms and the
content hereof.

[0072] In the following description, various example
embodiments of the present disclosure are described in
detail with reference to the accompanying drawings. With



US 2024/0122046 Al

respect to reference numerals to elements of each of the
drawings, the same elements may be illustrated in other
drawings, and like reference numerals may refer to like
elements unless stated otherwise. The same or similar ele-
ments may be denoted by the same reference numerals even
though they are depicted in different drawings. In addition,
for convenience of description, a scale, dimension, size, and
thickness of each of the elements illustrated in the accom-
panying drawings may be different from an actual scale,
dimension, size, and thickness, and thus, embodiments of
the present disclosure are not limited to a scale, dimension,
size, and thickness illustrated in the drawings.

[0073] FIG. 1 is a view schematically illustrating a light
emitting display apparatus according to an example embodi-
ment of the present disclosure.

[0074] Referring to FIG. 1, a light emitting display appa-
ratus according to an example embodiment of the present
disclosure may include a display panel 10 and a panel
driving circuit.

[0075] The display panel 10 may include a substrate 100
and a counter substrate 300 which are bonded to each other.

[0076] The substrate 100 includes a thin film transistor,
and the substrate 100 may be a first substrate, a lower
substrate, a transparent glass substrate, or a transparent
plastic substrate. The substrate 100 or the display panel 10
may include a display area AA and a non-display area 1A.
The substrate 100 or the display panel 10 may have regions
divided into the display area AA and the non-display area
1A.

[0077] The display area AA is an area for displaying an
image. The display area AA may be a pixel array area, an
active area, a pixel array portion, or a screen. For example,
the display area AA may be disposed at a central area of the
display panel 10. The display area AA may include a
plurality of pixels P.

[0078] A plurality of pixels P may each be defined as a unit
area from which light is actually emitted. Each of the
plurality of pixels P may include a plurality of subpixels SP.
According to an example embodiment, each of the plurality
of pixels P may include at least one red subpixel, at least one
green subpixel, at least one blue subpixel, and at least one
white subpixel, but embodiments according to the present
disclosure are not limited thereto. For example, each of the
plurality of pixels P may include a red subpixel, a green
subpixel, a blue subpixel, and a white subpixel. Sizes of a
plurality of subpixels SP included in each of the plurality of
pixels P may be equal or different.

[0079] The non-display area IA is an area in which an
image is not displayed. The non-display area IA may be a
peripheral circuit area, a signal supply area, a non-active
area, or a bezel area. The non-display area IA may be
configured to surround the display area AA. The display
panel 10 or substrate 100 may further include a peripheral
circuit portion 120 disposed at the non-display area IA.

[0080] The peripheral circuit portion 120 may include a
gate driving circuit connected to the plurality of pixels P. The
gate driving circuit (or panel embedded gate driving circuit)
may be integrated at one side or both sides of the non-
display area IA of the substrate 100 according to a manu-
facturing process of a thin film transistor and may be
connected to the plurality of pixels P. For example, the gate
driving circuit may include a shift register already known in
the art.
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[0081] The counter substrate 300 may encapsulate (or
seal) the display area AA disposed over the substrate 100.
For example, the counter substrate 300 may be bonded to the
substrate 100 using an adhesive member (or transparent
adhesive). The counter substrate 300 may be an upper
substrate, a second substrate, or an encapsulation substrate.
[0082] FIG. 2 is an example of a cross-sectional view
illustrating one subpixel shown in FIG. 1.

[0083] Referring to FIGS. 1 and 2, the light emitting
display apparatus (or a light emitting display panel) accord-
ing to an example embodiment of the present disclosure may
include a plurality of subpixels SP.

[0084] Each of the plurality of subpixels SP may be
disposed in a corresponding one of the plurality of subpixel
areas SPA disposed in the pixel P (or a pixel area). Each of
the plurality of subpixel areas SPA according to an example
embodiment may include a circuit area CA and an emission
area EA. The circuit area CA may be spatially separated
from the emission area EA within the subpixel area SPA, but
embodiments according to the present disclosure are not
limited thereto. For example, at least a portion of the circuit
area CA may overlap with the emission area EA in the
subpixel area SPA. For example, the circuit area CA may
overlap the emission area EA within the subpixel area SPA,
or may be disposed under (or below) the emission area EA
within the subpixel area SPA. The emission area EA may be
an opening region OA, a light emitting region, a light
transmitting region, or a light transmitting portion. For
example, the circuit area CA may be a non-emission area
NEA or a non-opening area. The subpixel area SPA accord-
ing to another example embodiment may further include a
transparent portion (or a light transmitting portion) disposed
around at least one of the emission area EA and the circuit
area CA. For example, the one pixel P may include an
emission area for each subpixel corresponding to a respec-
tive one of the plurality of subpixels SP, and a transparent
portion (or a light transmitting portion) disposed around a
respective one of the plurality of subpixels SP. In this case,
the light emitting display apparatus may implement a trans-
parent light emitting display apparatus due to light trans-
mission of the transparent portion.

[0085] The light emitting display apparatus (or a light
emitting display panel) according to an example embodi-
ment of the present disclosure may include a pixel circuit
layer 110, a protection layer 130, and a light emitting device
layer 150 which are disposed over the substrate 100.
[0086] The pixel circuit layer 110 may include a buffer
layer 112, a pixel circuit, and a passivation layer 118.
[0087] The buffer layer 112 may be disposed at the entirety
of a first surface (or a front surface) 100a of the substrate
100. The buffer layer 112 may prevent or at least reduce
materials contained in the substrate 100 from spreading to a
transistor layer during a high-temperature process in the
manufacturing of the thin film transistor, or may prevent
external water or moisture from permeating into the light
emitting device layer 150. For example, the buffer layer 112
may be a first insulating layer, a first inorganic material
layer, or a lowermost insulating layer from of a plurality of
insulating layers disposed at the pixel circuit layer of the
substrate 100.

[0088] The pixel circuit may include a driving thin film
transistor Tdr disposed in a circuit area CA of each subpixel
SP (or each subpixel areas SPA). The driving thin film
transistor Tdr may include an active layer 113, a gate
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insulating layer 114, a gate electrode 115, an interlayer
insulating layer 116, a drain electrode 1174, and a source
electrode 1175.

[0089] The active layer 113 may be configured with a
semiconductor material based on any one of amorphous
silicon, polycrystalline silicon, oxide, and organic materials.
[0090] The gate insulating layer 114 may be formed over
a channel region 113¢ of the active layer 113. In an example
embodiment, the gate insulating layer 114 may be formed
having an island shape over the channel region 113¢ of the
active layer 113, or may be formed over the entire front
surface of the buffer layer 112 or substrate 100 including the
active layer 113. For example, when the gate insulating layer
114 is formed at the entire front surface of the buffer layer
112, the gate insulating layer 114 may be a second insulating
layer, a second inorganic material layer, or a lowermost
middle insulating layer of a plurality of insulating layers
disposed at the pixel circuit layer of the substrate 100.
[0091] The gate electrode 115 may be disposed over a gate
insulating layer 114 to overlap a channel region 113¢ of an
active layer 113.

[0092] The interlayer insulating layer 116 may be formed
over the gate electrode 115, and a drain region 1134 and a
source region 1135 of the active layer 113. The interlayer
insulating layer 116 may be formed at the entire front surface
of the buffer layer 112 or substrate 100. For example, the
interlayer insulating layer 116 may be a third insulating
layer, a third inorganic material layer, or an upper insulating
layer of a plurality of insulating layers disposed at the pixel
circuit layer of the substrate 100.

[0093] The drain electrode 117a may be disposed over the
interlayer insulating layer 116 to be electrically connected to
the drain region 1134 of the active layer 113. The source
electrode 1175 may be disposed over the interlayer insulat-
ing layer 116 to be electrically connected to the source
region 113s of the active layer 113.

[0094] The pixel circuit may further include first and
second switching thin film transistors and at least one
capacitor which are disposed at the circuit area CA together
with the driving thin film transistor Tdr. The light emitting
display apparatus according to an example embodiment of
the present disclosure may further include a light shielding
layer 111 provided under (or below) at least one active layer
113 of the driving thin film transistor Tdr, a first switching
thin film transistor, and a second switching thin film tran-
sistor. The light shielding layer 111 may be configured to
reduce or prevent a change in a threshold voltage of the thin
film transistor caused by external light.

[0095] The passivation layer 118 may be disposed over the
substrate 100 to cover (or overlay) the pixel circuit. For
example, the passivation layer 118 may be configured to
cover (or overlay) the drain electrode 117a and the source
electrode 1175 of the driving thin film transistor Tdr and the
interlayer insulating layer 116. For example, the passivation
layer 118 may be formed of an inorganic insulating material.
The passivation layer 118 may be a fourth insulating layer,
a fourth inorganic material layer, or an uppermost middle
insulating layer of a plurality of insulating layers disposed at
the pixel circuit layer of the substrate 100.

[0096] The protection layer 130 may be provided over the
substrate 100 to cover (or overlay) the pixel circuit layer
110. The protection layer 130 may be provided at the entire
display area AA and the remaining portions of the non-
display area IA except the pad area. For example, the
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protection layer 130 may include an extension portion (or
expansion portion) extended or expanded from the display
area AA to the remaining portions of the non-display area A
except the pad area. Accordingly, the protection layer 130
may have a relatively large size than the display areca AA.
[0097] The protection layer 130 according to an example
embodiment has a relatively large thickness so that the
protection layer 130 may provide an upper surface (or a
planarized surface) 130a over the pixel circuit layer 110. For
example, the protection layer 130 may be formed of an
organic material such as one of photo acrylic, benzocy-
clobutene, polyimide, and/or fluorine resin, but embodi-
ments according to the present disclosure are not limited
thereto. The protection layer 130 may be a fifth insulating
layer, a fifth inorganic material layer, or an uppermost
insulating layer of a plurality of insulating layers disposed at
the pixel circuit layer of the substrate 100, or may be a
planarization layer or overcoat layer.

[0098] The protection layer 130 may include a light
extraction portion 140 disposed at each subpixel P. The light
extraction portion 140 may be formed at an upper surface
130a of the protection layer 130 such that the light extraction
portion 140 overlaps with the emission area EA of the
subpixel area SPA. The light extraction portion 140 may be
formed at the protection layer 130 of the emission area EA
to have a curved shape (or an uneven shape), whereby a
progress path of light emitted from the light emitting device
layer 150 is changed to increase light extraction efficiency of
the pixel P. For example, the light extraction portion 140
may be referred to as a non-planar portion, an uneven pattern
portion, a micro lens, or a light scattering pattern. In some
examples, a light extraction portion may be one or more
light extraction portions.

[0099] The light extraction portion 140 may include a
plurality of concave portions 141, and a convex portion 143
disposed around each of the plurality of concave portions
141. Each of the plurality of concave portions 141 may be
formed or configured to be concave from the upper surface
130a of the protection layer 130. The convex portion 143
may be disposed between the plurality of concave portions
141. The convex portion 143 may be formed to surround
each of the plurality of concave portions 141.

[0100] A top portion of the convex portion 143 may
include a sharp tip structure (or a pointed tip structure) in
order to enhance light extraction efficiency of the pixel, but
embodiments according to the present disclosure are not
limited thereto. For example, the top portion of the convex
portion 143 may have a convex curved shape. For example,
the top portion of the convex portion 143 may include a
dome or bell structure having a convex cross-sectional
shape, but embodiments according to the present disclosure
are not limited thereto.

[0101] The convex portion 143 may include an inclined
portion having a curved shape between a bottom portion and
the top portion. The inclined portion of the convex portion
143 may form or configure the concave portion 141. For
example, the inclined portion of the convex portion 143 may
be an inclined surface or a curved portion. The inclined
portion of the convex portion 143 according to an example
embodiment may have a cross-sectional structure having a
Gaussian curve. In this case, the inclined portion of the
convex portion 143 may have a tangent slope which
increases progressively from the bottom portion to the top
portion, and then decreases progressively.
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[0102] The light emitting device layer 150 may be dis-
posed over the light extraction portion 140 overlapping with
the emission area EA. The light emitting device layer 150
may be configured to emit light toward the substrate 100
according to a bottom emission type, but embodiments
according to the present disclosure are not limited thereto.
The light emitting device layer 150 according to an example
embodiment may include a first electrode E1, a light emit-
ting layer EL, and a second electrode E2.

[0103] The first electrode E1 may be formed at (or over)
the protection layer 130 in the subpixel area SPA, and may
be electrically connected to a source electrode 1175 (or a
drain electrode 117a) of the driving thin film transistor Tdr.
One end of the first electrode E1 which is close to the circuit
area CA may be electrically connected to the source elec-
trode 1175 (or the drain electrode 117q) of the driving thin
film transistor Tdr via an electrode contact hole CH provided
at or passing through the protection layer 130 and the
passivation layer 118.

[0104] The first electrode E1 directly contacts the light
extraction portion 140 and thus, may have a shape conform-
ing to the shape of the light extraction portion 140. As the
first electrode E1 is formed (or deposited) over the protec-
tion layer 130 to have a relatively small thickness, the first
electrode E1 may have a surface morphology conforming to
a surface morphology of the light extraction portion 140
including the convex portion 143 and the plurality of con-
cave portions 141. For example, the first electrode E1 is
formed in a conformal shape based on the surface shape
(morphology) of the light extraction portion 140 by a
deposition process of a transparent conductive material,
whereby the first electrode E1 may have a cross-sectional
structure whose shape is the same as the light extraction
portion 140.

[0105] The light emitting layer EL. may be formed at (or
over) the first electrode E1 and may directly contact the first
electrode E1. As the light emitting layer EL is formed (or
deposited) over the first electrode E1 to have a relatively
large thickness in comparison to the first electrode E1, the
light emitting layer EL. may have a surface morphology
which is different from the surface morphology in each of
the plurality of concave portions 141 and the convex portion
143 or the surface morphology of the first electrode E1. For
example, the light emitting layer EL. may be formed in a
non-conformal shape which does not conform to the surface
shape (or morphology) of the first electrode E1 by a depo-
sition process, whereby the light emitting layer EL may have
a cross-sectional structure whose shape may be different
from the first electrode E1.

[0106] The light emitting layer EL according to an
example embodiment has a thickness that gradually
increases toward the bottom surface of the convex portion
143 or the concave portion 141. For example, the light
emitting layer EL. may be formed of a first thickness over the
top portion of the convex portion 143, may be formed of a
second thickness that is thicker than the first thickness over
the bottom surface of the concave portion 141, and may be
formed over an inclined surface (or a curved portion) of the
convex portion 143 to have a third thickness that is less than
the first thickness. Herein, the first, second, and third thick-
nesses may be the shortest distance between the first elec-
trode E1 and the second electrode E2, respectively.

[0107] The light emitting layer EL. may include two or
more organic light emitting layers configured to emit white
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light. As an example, the light emitting layer EL. may include
a first organic light emitting layer and a second organic light
emitting layer to emit white light by mixing a first light and
a second light. For example, the first organic light emitting
layer may include any one selected of a blue organic light
emitting layer, a green organic light emitting layer, a red
organic light emitting layer, a yellow organic light emitting
layer, and a yellow-green organic light emitting layer to emit
the first light. For example, the second organic light emitting
layer may include an organic light emitting layer capable of
emitting the second light to obtain white light in the light
emitting layer EL by mixing the first light of a blue organic
light emitting layer, a green organic light emitting layer, a
red organic light emitting layer, a yellow organic light
emitting layer, or a yellow-green organic light emitting
layer. The light emitting layer EL according to another
example embodiment may include any one selected of a blue
organic light emitting layer, a green organic light emitting
layer, and a red organic light emitting layer. Additionally, the
light emitting layer EL. may include a charge generating
layer interposed between the first organic light emitting
layer and the second organic light emitting layer.

[0108] The second electrode E2 may be formed at (or
over) the light emitting layer EL. and may directly contact
the light emitting layer EL.. The second electrode E2 may be
formed (or deposited) at (or over) the light emitting layer EL
to have a relatively smaller thickness compared to the light
emitting layer EL.. The second electrode E2 may be formed
(or deposited) at (or over) the light emitting layer EL to have
a relatively small thickness, and thus may have a surface
morphology corresponding to the surface morphology of the
light emitting layer EL. For example, the second electrode
E2 may be formed in a conformal shape corresponding to the
surface shape (or morphology) of the light emitting layer EL.
by a deposition process, whereby the second electrode E2
may have the same cross-sectional structure as the light
emitting layer ELL and may have a cross-sectional structure
whose shape may be different from the light extraction
portion 140.

[0109] The second electrode E2 according to an example
embodiment may include a metal material having a high
reflectance to reflect the incident light emitted from the light
emitting layer EL toward the substrate 100. For example, the
second electrode E2 may include a single-layered structure
or multi-layered structure of any one material selected of
aluminum (Al), argentums (Ag), molybdenum (Mo), aurum
(Au), magnesium (Mg), calcium (Ca), or barium (Ba), or
alloy of two or more materials selected from aluminum (Al),
argentums (Ag), molybdenum (Mo), aurum (Au), magne-
sium (Mg), calcium (Ca), or barium (Ba). The second
electrode E2 may include an opaque conductive material
having high reflectance. For example, the second electrode
E2 may include a reflection electrode, a cathode electrode,
a light reflection surface, or a light reflective portion, and in
this case, the first electrode may be an anode electrode or a
transparent electrode.

[0110] As described above, the light emitting device layer
150 may generate light responsive to current supplied
thereto through the pixel circuit and thus, may emit light.
The concave portion 141 or the convex portion 143 of the
light extraction portion 140 changes the travel path of the
light emitted from the light emitting layer EL to the light
emitting surface (or a light extraction surface or a rear
surface) 1005, to thereby increase the external extraction
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efficiency of the light emitted from the light emitting layer
EL. For example, the convex portion 143 prevents or
reduces degradation of the light extraction efficiency caused
by the light which is trapped in the light emitting device
layer 150 by repeating total reflection between the first
electrode E1 and the second electrode E2 of the light
emitting device layer 150 without traveling to the light
emitting surface 1005. Accordingly, in the light emitting
display apparatus according to an example embodiment of
the present disclosure, the light extraction efficiency of light
emitted from the light emitting device layer 150 may be
enhanced.

[0111] The light emitting display apparatus according to
an example embodiment of the present disclosure may
further include a bank layer 170. The bank layer 170 may be
disposed over an edge portion of the first electrode E1 and
the protection layer 130. The bank layer 170 may be formed
of an organic material such as benzocyclobutene (BCB)-
based resin, acrylic-based resin, polyimide resin, or the like.
[0112] The bank layer 170 may be disposed over the upper
surface 130a of the protection layer 130 to cover (or overlay)
the edge portion of the first electrode E1 extending onto the
circuit area CA. The emission area EA defined by the bank
layer 170 may be smaller in size than the light extraction
portion 140 of the protection layer 130 in a two-dimensional
structure.

[0113] The light emitting layer EL of the light emitting
device layer 150 may be provided over the first electrode E1,
the bank layer 170, and a step difference portion between the
first electrode E1 and the bank layer 170. In this case, when
the light emitting layer EL is provided with a small thickness
at the step difference portion between the first electrode E1
and the bank layer 170, an electrical contact (or short) may
occur between the second electrode E2 and the first elec-
trode E1 due to a thickness reduction of the light emitting
layer EL. To prevent this problem, one end (or an outermost
bank line) of the bank layer 170 adjacent to the emission
area EA may be disposed to cover (or overlay) the edge
portion of the light extraction portion 140 to reduce a step
difference between the first electrode E1 and the bank layer
170. Therefore, the electric contact (or short) between the
first electrode E1 and the second electrode E2 may be
prevented due to the end of the bank layer 170 disposed at
the step difference portion between the first electrode E1 and
the bank layer 170.

[0114] The light emitting display apparatus according to
an example embodiment of the present disclosure may
further include a color filter layer 180.

[0115] The color filter layer 180 may be disposed between
the substrate 100 and the protection layer 130 to overlap
with at least one emission area EA. The color filter layer 180
according to an example embodiment may be disposed
between the passivation layer 118 and the protection layer
130 to overlap with the emission area EA. The color filter
layer 180 according to another example embodiment may be
disposed between the substrate 100 and the interlayer insu-
lating layer 116 or between the interlayer insulating layer
116 and the passivation layer 118 to overlap with the
emission area EA.

[0116] The color filter layer 180 may have a larger size
than the emission area EA. For example, the color filter layer
180 may be larger than the emission area EA, and may be
smaller than the light extraction portion 140 of the protec-
tion layer 130, but embodiments according to the present
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disclosure are not limited thereto, and the color filter layer
180 may be larger than the light extraction portion 140. For
example, when the color filter layer 180 has a greater size
than the light extraction portion 140, light leakage through
which internal light travels toward the adjacent subpixel SP
may be reduced or minimized.

[0117] The color filter layer 180 according to an example
embodiment may include a color filter which transmits the
wavelength of a color set in the subpixel SP of the light
emitted (or extracted) from the light emitting device layer
150 toward the substrate 100. For example, the color filter
layer 180 may transmit the red wavelength, green wave-
length, or blue wavelength. When the one pixel comprises
adjacent first to fourth subpixels SP, the color filter layer
provided at the first subpixel may include a red color filter,
the color filter layer provided at the second subpixel may
include a green color filter, and the color filter layer provided
at the third subpixel may include a blue color filter. The
fourth subpixel may not include a color filter layer or may
include a transparent material to compensate a step differ-
ence between adjacent pixels, thereby emitting white light.
[0118] The light emitting display apparatus (or the light
emitting display panel) according to an example embodi-
ment of the present disclosure may include an encapsulation
portion 200.

[0119] The encapsulation portion 200 may be formed over
the substrate 100 to cover (or overlay) the light emitting
device layer 150. The encapsulation portion 200 may be
formed over the substrate 100 to cover (or overlay) the
second electrode E2. For example, the encapsulation portion
200 may surround the display area AA. The encapsulation
portion 200 may protect the thin film transistor and the light
emitting layer EL or the like from external impact and
prevent oxygen or/and water (or moisture) and particles
from being permeated into the light emitting layer EL.
[0120] The encapsulation portion 200 according to an
example embodiment may include a plurality of inorganic
encapsulation layer. Furthermore, the encapsulation portion
200 may further include at least one organic encapsulation
layer interposed between the plurality of inorganic encap-
sulation layer. The organic encapsulation layer may be
expressed as a particle overlay layer.

[0121] The encapsulation portion 200 according to
another example embodiment may further include a filler (or
a filling member) surrounding (or completely surrounding)
the entire display area AA. In this case, the counter substrate
300 may be bonded to the substrate 100 using the filler. The
filler may include a getter material that absorbs oxygen
or/and water (or moisture).

[0122] The counter substrate 300 may be coupled to the
encapsulation portion 200. The counter substrate 300 may be
made of a plastic material, a glass material, or a metal
material. For example, when the encapsulation portion 200
includes a plurality of inorganic encapsulation layers, the
counter substrate 300 may be omitted.

[0123] Alternatively, when the encapsulation portion 200
is changed to a filler, the counter substrate 300 may be
combined with the filler, in this case, the counter substrate
300 may be made of a plastic material, a glass material, or
a metal material.

[0124] The light emitting display apparatus (or the light
emitting display panel) according to an example embodi-
ment of the present disclosure may further include a polar-
ization member 400.
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[0125] The polarization member 400 may be configured to
block external light reflected by the light extraction portion
140 and the pixel circuit, or the like. For example, the
polarization member 400 may be configured as a circular
polarization member or a circular polarization film. The
polarization member 400 may be disposed at or coupled to
the light emitting surface (or a second surface or a rear
surface) 1005 of the substrate 100 using a coupling member
(or a transparent adhesive member).

[0126] As described above, the light emitting display
apparatus (or the light emitting display panel) according to
an example embodiment of the present disclosure includes
the light extraction portion 140 disposed or configured in the
emission area EA of the subpixel SP, and thus, the path of
light generated from the light emitting layer ELL may be
changed by the light extraction portion 140 to enhance light
extraction efficiency, thereby improving luminance and
reducing power consumption.

[0127] FIG. 3 is a plan view illustrating an example of a
portion of a light extraction portion shown in FIG. 2. FIG.
3 is a view explaining planar structures of the concave
portions and the convex portions.

[0128] Referring to FIGS. 2 and 3, the plurality of concave
portions 141 according to an example embodiment of the
present disclosure may be disposed in parallel to have a
predetermined interval along a second direction Y and may
be arranged to be staggered with one another along a first
direction X intersecting the second direction Y. Thus, the
light extraction portion 140 may include a larger number of
concave portions 141 per unit area, thereby increasing the
external extraction efficiency of the light emitted from the
light emitting device layer 150. For example, the first
direction X may be a first lengthwise direction of a substrate
or may be a long-side lengthwise direction, a widthwise
direction, or a first horizontal direction of the display panel.
The second direction Y may be a second lengthwise direc-
tion of the substrate or may be a short-side lengthwise
direction, a lengthwise direction, a second horizontal direc-
tion (or a vertical direction) of the display panel.

[0129] According to an example embodiment, a center
portion CP of each of the plurality of concave portions 141
disposed along the first direction X may be positioned or
aligned at a first straight line SL1 parallel to the first
direction X. In addition, each center portion CP of a plurality
of concave portions 141 disposed along the second direction
Y may be positioned or aligned at a second straight line ST.2
parallel to the second direction Y. For example, the first
straight line SL.1 may be a horizontal line or a first horizontal
line, and the second straight line SI.2 may be a vertical line
or a second horizontal line.

[0130] According to another example embodiment, the
plurality of concave portions 141 are disposed in the form of
a lattice (or a grid) such that each of a plurality of concave
portions 141 disposed at even-numbered horizontal lines
parallel to the first direction X may be disposed between a
plurality of concave portions 141 disposed at adjacent
odd-numbered horizontal lines along the second direction Y.
Accordingly, the plurality of concave portions 141 disposed
along the second direction Y may be positioned or aligned
at a zigzag line ZI having a zigzag shape along the first
direction X (or the second direction Y).

[0131] According to an example embodiment, the center
portion CP of each of the adjacent three concave portions
141 may be aligned to form a triangular shape TS. In
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addition, the center portion CP of each of the six concave
portions 141 disposed around one concave portion 141 or
surrounding one concave portion 141 may have a 6-angular
shape HS in two-dimensions (or in a plan view). For
example, each of the plurality of concave portions 141 may
be disposed or arranged in a honeycomb structure, a hex-
agonal structure, or a circular structure in two-dimensions
(or in a plan view).

[0132] According to an example embodiment of the pres-
ent disclosure, when the plurality of concave portions 141
are arranged (or disposed) in a honeycomb structure, diago-
nal center lines DCL1 and DCL2 passing through center
portions CP of concave portions arranged (or disposed)
along diagonal directions DD1 and DD2 between the first
direction X and the second direction Y may be respectively
inclined from the first straight line SL.1 and a second straight
line SL.2. For example, a first angle 61 between the diagonal
center lines DCL1 and DCL2 and the first straight line SL.1
may be about 30 degrees, and a second angle 62 between the
diagonal center lines DCL1 and DCL2 and the second
straight line SL.2 may be about 60 degrees.

[0133] According to an example embodiment of the pres-
ent disclosure, a pitch (or a distance) [.1 between the
plurality of concave portions 141 disposed at each of the
plurality of subpixels SP configuring the one pixel may be
equal or different from each other. The pitch L1 between the
plurality of concave portions 141 may be a distance (or an
interval) between the center portions CP of the two adjacent
concave portions 141.

[0134] In an example embodiment, the pitch .1 between
the plurality of concave portions 141 respectively disposed
at a red subpixel, a green subpixel, a blue subpixel and a
white subpixel may be equal or different from each other.
For example, the pitch [.1 between the plurality of concave
portions 141 disposed at the green subpixel may be different
from the pitch [.1 between the plurality of concave portions
141 disposed at the blue subpixel.

[0135] In another example embodiment, the pitch L1
between the plurality of concave portions 141 disposed at
the white subpixel and/or the green subpixel may be differ-
ent from the pitch L1 between the plurality of concave
portions 141 disposed at the red subpixel and/or the blue
subpixel.

[0136] In another example embodiment, the numbers and/
or densities of the plurality of concave portions 141 respec-
tively disposed at the red subpixel, the green subpixel, the
blue subpixel and the white subpixel may be equal or
different from each other. For example, the numbers and/or
density of the plurality of concave portions 141 disposed at
the white subpixel and/or the green subpixel may be differ-
ent from the number and/or density of the plurality of
concave portions 141 disposed at the red subpixel and/or the
blue subpixel.

[0137] The convex portion 143 may be configured to
individually surround each of the plurality of concave por-
tions 141. Accordingly, the light extraction portion 140 may
include the plurality of concave portions 141 surrounded by
the convex portion 143. The convex portion 143 surrounding
one concave portion 141 may two-dimensionally (or in a
plan view) have a hexagonal shape (or a honeycomb shape),
but embodiments according to the present disclosure are not
limited thereto.

[0138] FIG. 4 is a diagram illustrating a reflection phe-
nomenon of external light by a light extraction portion, in a
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light emitting display apparatus according to an example
embodiment of the present disclosure.

[0139] Referring to FIGS. 2 and 4, when external light is
incident upon the light extraction portion 140 in a non-
driving or turning-off state of the light emitting display
apparatus, reflected light may be generated by a convex
portion (or a flexure portion) 143 of the light extraction
portion 140, and may then be emitted to the outside through
the light emitting surface according to a birefringence effect
of a thin film. The reflected light may cause a radial-shaped
circular ring pattern and a rainbow pattern (or a rainbow
stain pattern) which has a radial shape and is spread in a
radial shape, based on a dispersion characteristic of light
based on a wavelength-based refraction angle difference
caused by a layer-based refractive index difference and a
material characteristic of the light emitting device layer 150.
For example, the reflected light may cause the radial-shaped
rainbow pattern and the radial-shaped circular ring pattern to
reduce a black visual characteristic, based on the multi-
interference and/or the constructive interference of light. For
example, the reflected light may generate a rainbow pattern
in a radial form according to destructive interference and/or
constructive interference of light, to thereby degrade black
visibility characteristics. For example, the diffraction dis-
persion spectrum according to diffraction orders m (where
m=-1, m=0, m=1, and m=2) of reflected light by the convex
portion 143 of the light extraction portion 140, which serves
as a diffraction grating pattern, is regularly arranged accord-
ing to the reflection diffraction grating rule (or equation),
whereby the rainbow pattern of the radial form may be
generated. The rainbow pattern of the radial form may
spread in a radial shape with respect to the convex portion
of' the light extraction portion 140, and the size and intensity
of the light (or diffraction dispersion spectrum) diffracted
according to the reflection diffraction grating rule expressed
by the following Expression 1 may be varied according to a
pitch L1 of the convex portion 143 of the light extraction
portion 140.

a(sin@i+sinOm)=Am(m=0,£1,22,+3, . . . )

[0140] In Expression 1, “a(alpha)” represents a pitch L1
of'the convex portion (or a grating constant), “01” represents
an angle (or an angle of incidence) of incident light with
respect to a normal line NL, “Om” represents an angle (or a
diffraction angle) of diffracted light with respect to the
normal line NL, “m” represents a diffraction order, and “A
(lambda)” represents a wavelength.

[0141] Therefore, based on various experiments, the
inventors have invented a light emitting display apparatus
having a new structure, which may prevent or minimize the
occurrence of a radial-shaped rainbow pattern and a radial-
shaped circular ring pattern to enhance a black visual
characteristic. This is described below in more detail with
reference to FIGS. 5 to 15.

[0142] FIG. 5 is a view schematically illustrating one
subpixel shown in a light emitting display apparatus accord-
ing to another example embodiment of the present disclo-
sure, FIG. 6 is an example of an enlarged view of part “A”
shown in FIG. 5, and FIG. 7 is an example of a cross-
sectional view taken along line I-I' shown in FIG. 5. FIGS.
5 to 7 are diagrams for describing a light extraction portion
140 according to another example embodiment of the pres-
ent disclosure. In the following description, therefore, the
elements except the light extraction portion 140 and relevant

[Expression 1]
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elements may be referred to by like reference numerals, and
their repetitive descriptions may be omitted for brevity.
[0143] Referring to FIGS. 510 7, in a light emitting display
apparatus according to another example embodiment of the
present disclosure, each of a plurality of pixels P may
include four subpixels SP1 to SP4. For example, each of a
plurality of pixels P may include first to fourth subpixels SP1
to SP4. For example, each of the plurality of pixels P may
include a first subpixel SP1 of red, a second subpixel SP2 of
white, a third subpixel SP3 of blue, and a fourth subpixel
SP4 of green, but embodiments according to the present
disclosure are not limited thereto.

[0144] Each ofthe first to fourth subpixels SP1 to SP4 may
include an emission area EA and a circuit area CA. The
emission area EA may be disposed at one side (or an upper
side) of a subpixel area, and the circuit area CA may be
disposed at the other side (or a lower side) of the subpixel
area. For example, the circuit area CA may be disposed
under the emission area EA with reference to a second
direction Y. The emission areas EA of each of the first to
fourth subpixels SP1 to SP4 may have different sizes (or
areas) from each other.

[0145] The first to fourth subpixels SP1 to SP4 may be
disposed adjacent to one another along a first direction X.
For example, two data lines DL extending in parallel to each
other along the second direction Y may be disposed between
the first subpixel SP1 and the second subpixel SP2 and
between the third subpixel SP3 and the fourth subpixel SP4,
respectively. A gate line GL extending along the first direc-
tion X may be disposed between the emission area EA and
the circuit area CA in each of the first to fourth subpixels SP1
to SP4. A pixel power line PL extending along the second
direction Y may be disposed at one side of the first subpixel
SP1 or the fourth subpixel SP4. A reference line RL extend-
ing along the second direction Y may be disposed between
the second subpixel SP2 and the third subpixel SP3. The
reference line RL. may be used as a sensing line for exter-
nally sensing a variation in characteristics of a driving thin
film transistor disposed in the circuit area CA of the pixel P
and/or a variation in characteristics of a light emitting device
layer disposed at the circuit area CA in a sensing driving
mode of the pixel P.

[0146] In the light emitting display apparatus according to
another example embodiment of the present disclosure, the
light extraction portion 140 disposed at one or more pixels
P of the plurality of pixels P may be configured to rotate (or
horizontally rotate) by a predetermined angle with respect to
an arbitrary reference point, so as to decrease or minimize
the occurrence of a radial-shaped rainbow pattern and a
radial-shaped circular ring pattern caused by the multi-
interference and/or the constructive interference of reflected
light in each of the plurality of pixels P. For example, the
light extraction portion 140 disposed at one or more pixels
P of the plurality of pixels P may rotate by a predetermined
rotation angle 63 which is greater than about O degrees and
less than 60 degrees, with respect to an arbitrary reference
point in a corresponding pixel area by units of one pixel P.
For example, a rotation angle of the light extraction portion
140 disposed at each of the plurality of pixels P may be set
irregularly or randomly along one or more directions of the
first direction X and the second direction Y within a range
of'the rotation angle 63 which is greater than about O degrees
and less than about 60 degrees, with respect to an arbitrary
reference point in a corresponding pixel area by units of the
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one pixel P. For example, the arbitrary reference point may
be an arbitrary position within the emission area EA of each
of' the first to fourth subpixels SP1 to SP4 of each pixel P, or
may be a center portion CP of any one of a plurality of
concave portions 141.

[0147] The light extraction portion 140 according to a first
example embodiment of the present disclosure may be
configured to rotate (or horizontally rotate) or reversely
rotate (or horizontally and reversely rotate) by the predeter-
mined rotation angle 63 with respect to the arbitrary refer-
ence point within the emission area EA of each of the first
to fourth subpixels SP1 to SP4 of each pixel P, by units of
one pixel P. For example, when the concave portions 141 of
the light extraction portion 140 are arranged (or disposed) in
a honeycomb structure, the concave portions 141 of the light
extraction portion 140 may be configured to rotate or
reversely rotate by the rotation angle 63 which is greater
than about 0 degrees and less than about 60 degrees, with
respect to the arbitrary reference point within the emission
area EA of each of the first to fourth subpixels SP1 to SP4.
For example, the concave portions 141 of the light extraction
portion 140 may be configured to rotate or reversely rotate
by the rotation angle 63 which is greater than about O
degrees and less than about 60 degrees, with respect to a
center portion CP of one concave portion 141 provided (or
disposed) at the emission area EA of each of the first to
fourth subpixels SP1 to SP4. For example, when the concave
portions 141 of the light extraction portion 140 rotate at
about 60 degrees with respect to the arbitrary reference
point, the light extraction portion 140 may be configured to
be equal to a case where the concave portions 141 of the
light extraction portion 140 do not rotate with respect to the
arbitrary reference point.

[0148] According to an example embodiment, the center
portion CP of each of the plurality of concave portions 141
arranged (or disposed) at the first direction X may be
positioned or aligned at a first tilt line TL1 intersecting with
a first straight line SL.1. In addition, the center portion CP of
each of the plurality of concave portions 141 arranged (or
disposed) at the second direction Y may be positioned or
aligned at a second tilt line TL2 intersecting with a second
straight line SL.2. The first tilt line TL.1 may be inclined from
the first straight line SL.1 by the rotation angle 63 which is
greater than about 0 degrees and less than about 60 degrees.
For example, the rotation angle 63 between the first tilt line
TL1 and the first straight line SI.1 and/or between the second
tilt line TL.2 and the second straight line SL.2 may be greater
than about 0 degrees and less than about 60 degrees. For
example, the first tilt line TL.1 may be tilted or inclined from
the first straight line SL.1 and may pass through the rotated
center portions CP of the concave portions 141 and may be
a first tilt center line or a first center extension line, and the
second tilt line TL.2 may be tilted or inclined from the
second straight line SL.2 and may pass through the rotated
center portions CP of the concave portions 141 and may be
a second tilt center line or a second center extension line.

[0149] According to an example embodiment of the pres-
ent disclosure, when the plurality of concave portions 141
are arranged (or disposed) in a honeycomb structure and
rotated with respect to the reference point, a fourth angle 64
between the diagonal center lines DCL1 and DCL.2 and the
first tilt line TL1 may be about 30 degrees, and a fifth angle
05 between the diagonal center lines DCLL1 and DCL2 and
the second straight line SL.2 may be about 60 degrees. For
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example, a rotation angle (or the third angle) 03 between the
first straight line SL.1 and the first tilt line TL1 of the concave
portions 141 or a rotation angle (or the third angle) 03
between the second straight line S[.2 and the second tilt line
TL2 of the concave portions 141 may be greater than about
0 degrees and less than about 60 degrees. For example, even
when the plurality of concave portions 141 are rotated with
respect to the reference point, each of the fourth angle 64
and the fifth angle 65 may be maintained to be equal to the
first angle 61 and the second angle 62 when the concave
portions 141 shown in FIG. 3 are not rotated.

[0150] The light extraction portion 140 according to an
example embodiment of the present disclosure may include
a first light extraction portion 140a provided (or disposed) at
the first subpixel SP1 of the pixel P, a second light extraction
portion 1405 provided (or disposed) at the second subpixel
SP2 of the pixel P, a third light extraction portion 140c¢
provided (or disposed) at the third subpixel SP3 of the pixel
P, and a fourth light extraction portion 140d provided (or
disposed) at the fourth subpixel SP4 of the pixel P.

[0151] According to an example embodiment, each of the
first to fourth light extraction portions 140a to 1404 may be
rotated or reversely rotated by the same rotation angle (or the
third angle) 03 with respect to a reference point of a
corresponding emission area EA or a center portion CP of
one concave portion 141. The concave portion 141 of each
of the first to fourth light extraction portions 140a to 1404
may be rotated or reversely rotated by the same rotation
angle (or the third angle) 03 with respect to a reference point
of the corresponding emission area EA or the center portion
CP of the one concave portion 141. Accordingly, the light
extraction portion 140 provided (or configured) at each of
the subpixels SP1 to SP4 of each of the plurality of pixels P
may be rotated or reversely rotated by the same rotation
angle (or the third angle) 03.

[0152] According to an example embodiment of the pres-
ent disclosure, a rotation angle of each of the concave
portions 141 of the first light extraction portion 140q, a
rotation angle of each of the concave portions 141 of the
second light extraction portion 1405, a rotation angle of each
of the concave portions 141 of the third light extraction
portion 140c¢, and a rotation angle of each of the concave
portions 141 of the fourth light extraction portion 1404 may
be equal to one another. For example, the concave portions
141 of each of the first to fourth light extraction portions
140a to 1404 may rotate by the same angle selected of
rotation angles 03 which are greater than about 0 degrees
and less than about 60 degrees, with respect to the arbitrary
reference point. Accordingly, the first to fourth light extrac-
tion portions 140a to 140d respectively provided (or con-
figured) at the first to fourth subpixels SP1 to SP4 config-
uring the one pixel P may have the same shape and the same
arrangement structure, and thus, diffraction patterns (or
diffraction pattern distribution) of reflected lights respec-
tively reflected from the first to fourth subpixels SP1 to SP4
configuring one pixel P may be equal to one another.
[0153] According to an example embodiment of the pres-
ent disclosure, the light extraction portions 140 respectively
provided (or disposed) at two adjacent pixels P of the
plurality of pixels P may have different rotation angles, so as
to decrease or minimize the occurrence of a radial-shaped
rainbow pattern and a radial-shaped circular ring pattern
caused by the multi-interference and/or the constructive
interference of reflected light by the light extraction portion
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140. For example, the light extraction portions 140 respec-
tively provided (or disposed) at two pixels P adjacent to each
other along one or more directions of the first direction X
and the second direction Y may have different rotation
angles. For example, the light extraction portions 140
respectively provided (or disposed) at two pixels P adjacent
to each other in all directions may have different rotation
angles.

[0154] According to an example embodiment of the pres-
ent disclosure, the light extraction portions 140 respectively
provided (or disposed) at two adjacent pixels P of the
plurality of pixels P may have different rotation angles
within a range of a rotation angle 83 which is greater than
about 0 degrees and less than about 60 degrees. Therefore,
a diffraction pattern (or diffraction pattern distribution) of
reflected light caused by reflection in the light extraction
portion 140 disposed at each of the plurality of pixels P may
be changed by pixel P units, and thus, a diffraction pattern
(or diffraction pattern distribution) of reflected light occur-
ring in the light extraction portion 140 of each of the
plurality of pixels P may be offset or minimized, or a
regularity of a diffraction pattern (or diffraction pattern
distribution) of reflected light may be changed to irregularity
or randomness, whereby the occurrence of a radial-shaped
rainbow pattern and a radial-shaped circular ring pattern
caused by reflected light may be prevented or minimized.
[0155] According to an example embodiment of the pres-
ent disclosure, rotation angles of the light extraction portions
140 respectively disposed at two pixels P adjacent to each
other of the plurality of pixels P may have a difference of 1
degree or more. The rotation angles of the light extraction
portions 140 respectively disposed at two pixels P adjacent
to each other along one or more directions of the first
direction X and the second direction Y may have a difference
of'1 degree or more. For example, rotation angles of the light
extraction portions 140 respectively provided (or disposed)
at two pixels P adjacent to each other in all directions may
have a difference of 1 degree or more.

[0156] For example, the light extraction portion 140 dis-
posed at an arbitrary first pixel P of the plurality of pixels P
may be configured in a structure which does not rotate, and
the light extraction portions 140 disposed at a second pixel
P adjacent to the first pixel P may be configured to have a
rotation angle of 1 degree or more or 3 degrees or more with
respect to a reference point. Therefore, a radial-shaped
diffraction pattern (or diffraction pattern distribution) based
on reflected light in each of two adjacent pixels P may be
offset or minimized by a rotation angle difference between
the light extraction portions 140 respectively disposed at two
adjacent pixels P, or may be prevented or minimized due to
irregularity or randomness. Accordingly, a radial-shaped
diffraction pattern (or diffraction pattern distribution) based
on reflected light in each of the plurality of pixels P may
have irregularity or randomness, based on each of different
rotation angles of the light extraction portions 140 respec-
tively provided (or configured) at the plurality of pixels P,
and thus, the occurrence of a radial-shaped rainbow pattern
and a radial-shaped circular ring pattern of reflected light in
each of the plurality of pixels P may be prevented or
minimized.

[0157] According to an example embodiment of the pres-
ent disclosure, the rotation angles of the light extraction
portions 140 disposed at one or more pixels P which are not
adjacent to one another of the plurality of pixels P may be
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equal to one another or differ. For example, the rotation
angles of the light extraction portions 140 disposed at two
pixels P which are spaced apart from each other with two or
more pixels P therebetween may be equal to one another or
differ.

[0158] As described above, the light emitting display
apparatus according to another example embodiment of the
present disclosure may include the light extraction portion
140 rotated with respect to an arbitrary reference point at
each of the plurality of pixels P, by units of the one pixel P,
and thus, a diffraction pattern of reflected light caused by
reflection in the light extraction portion 140 provided (or
disposed) at each of the plurality of pixels P may be changed
by pixel P units. Therefore, a diffraction pattern of reflected
light occurring in the light extraction portion 140 of each of
the plurality of pixels P may be offset or minimized, or the
occurrence of a radial-shaped rainbow pattern and a radial-
shaped circular ring pattern of reflected light may be pre-
vented or minimized due to irregularity or randomness of a
diffraction pattern of the reflected light. Accordingly, a
reduction in a black visual characteristic occurring due to the
reflection of external light in a non-driving or turning-off
state of light emitting display apparatus may decrease, and
thus, real black may be realized (or implemented).

[0159] FIG. 8 is a diagram illustrating a reflection phe-
nomenon of external light by a light extraction portion, in a
light emitting display apparatus according to another
example embodiment of the present disclosure.

[0160] Referring to FIG. 8, by units of one pixel P, light
incident on the light extraction portion 140 which has
rotated with respect to an arbitrary reference point in each of
the plurality of pixels P may be reflected from a slope
surface of a convex portion 143 of the rotated light extrac-
tion portion 140. The slope surface of the convex portion
143 of the rotated light extraction portion 140 may change
a diffraction path of incident light to a vertical direction and
may cause a diffraction pattern having maximum intensity in
a specific order instead of a zeroth-order diffraction order,
and thus, a diffraction pattern (or diffraction pattern distri-
bution) caused by the light extraction portion 140 may be
offset or minimized, thereby preventing or minimizing the
occurrence of a radial-shaped rainbow pattern and a radial-
shaped circular ring pattern caused by the light extraction
portion 140.

[0161] According to an example embodiment of the pres-
ent disclosure, when the light extraction portion 140 pro-
vided (or configured) at a first pixel P of two adjacent pixels
P has a structure which does not rotate with respect to a
reference point and the light extraction portion 140 provided
(or configured) at a second pixel P adjacent to the first pixel
P has a structure which has rotated with respect to the
reference point, first reflected light based on the light extrac-
tion portion 140 provided in the first pixel P may have
maximum intensity in a zeroth-order diffraction order as
shown in FIG. 4, and second reflected light based on the
light extraction portion 140 provided (or configured) at the
second pixel P may have maximum intensity in a first-order
diffraction order instead of the zeroth-order diffraction order
by using the rotated light extraction portion 140 as shown in
FIG. 8.

[0162] Therefore, due to a rotation angle difference
between the light extraction portions 140 respectively pro-
vided (or disposed) at the first pixel P and the second pixel
P adjacent to each other, a radial-shaped diffraction pattern
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(or diffraction pattern distribution) based on the first
reflected light and a radial-shaped diffraction pattern (or
diffraction pattern distribution) based on the second reflected
light may be offset or minimized, or the occurrence of a
radial-shaped rainbow pattern and a radial-shaped circular
ring pattern of reflected light may be prevented or mini-
mized due to irregularity or randomness. Accordingly, a
reduction in a black visual characteristic occurring due to the
reflection of external light in a non-driving or turning-off
state of light emitting display apparatus may decrease, and
thus, real black may be realized (or implemented).

[0163] FIG. 9 is a diagram illustrating a plurality of pixel
blocks provided in a light emitting display apparatus accord-
ing to another example embodiment of the present disclo-
sure, and FIG. 10A is an example of a diagram illustrating
a rotation structure of a pixel-based light extraction portion
disposed in one pixel block shown in FIG. 9. FIG. 10B is an
example of an enlarged view of a light extraction portion
provided in a pixel group at the first row and the jth column
shown in FIG. 10A. FIG. 10C is an example of an enlarged
view of a light extraction portion provided in a pixel group
at the second row and the jth column shown in FIG. 10A.
[0164] Referring to FIGS. 9 and 10A, the light emitting
display apparatus or a display area AA according to another
example embodiment of the present disclosure may include
a plurality of pixel blocks PB[1,1] to PB[n,m], where each
of “n” and “m” is a positive integer.

[0165] The display area AA may be divided or blocked
into a plurality of pixel blocks PB[1,1] to PB[n,m]|. The
plurality of pixel blocks PB[1,1] to PB[nm] may be
arranged (or disposed) along n number of rows and m
number of columns in the display area AA. For example, the
display area AA may be divided or blocked into nxm number
of pixel blocks PB[1,1] to PB[n,m].

[0166] Each of the plurality of pixel blocks PB[1,1] to
PB[n,m] may include a plurality of pixel groups PG[1,1] to
PGJi,j]. For example, each of the plurality of pixel blocks
PB[1,1] to PB[n,m| may include ixj number (or i number of
rows and j number of columns) of pixel groups PG[1,1] to
PGJi,j], where each of “i” and “” is a positive integer. Each
of the plurality of pixel blocks PB[1,1] to PB[n,m] may
include 20 pixel groups configured as a 5x4 matrix, but
embodiments according to the present disclosure are not
limited thereto.

[0167] A plurality of pixels P provided (or disposed) at the
display area AA may be grouped into a plurality of pixel
groups PG[1,1] to PG[i,j]. For example, each of the plurality
of pixel groups PG[1,1] to PGJi,j] may be configured as one
pixel P. For example, the plurality of pixels P provided (or
disposed) at the display area AA may be grouped (or
blocked) into the ixj number (or i number of rows and j
number of columns) of pixel groups and may be included in
each of the plurality of pixel groups PG[1,1] to PG[ij].
[0168] According to an example embodiment of the pres-
ent disclosure, one or more of light extraction portions 140
provided (or disposed) at a pixel P of each of the plurality
of pixel groups PG[1,1] to PG[ij| may be configured to
rotate by a predetermined angle with respect to an arbitrary
reference point within a corresponding pixel P. For example,
in each of a plurality of pixel groups PG[1,1] to PG[ij], a
light extraction portion 140 provided (or disposed) at each of
a plurality of subpixels included in the pixel P may be
configured to rotate by the predetermined angle with respect
to a center portion of one concave portion 141 within a
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corresponding subpixel. Rotation angles of light extraction
portions 140 respectively provided (or disposed) at a plu-
rality of subpixels included in the pixel P of each of the
plurality of pixel groups PG[1,1] to PGJi,j] may be equal to
one another. For example, the rotation angles of light
extraction portions 140 respectively provided (or disposed)
at a plurality of subpixels configuring one pixel P, as shown
in FIG. 5, may be equal to one another. The rotation angles
of light extraction portions 140 respectively provided (or
disposed) at a plurality of subpixels configuring the one
pixel P may be pixel-based rotation angles. For example, a
pixel-based rotation angle of a light extraction portion 140
may denote a rotation angle of a light extraction portion 140
which is identically set in each of a plurality of subpixels
configuring one pixel P.

[0169] For example, the pixel-based rotation angles of
light extraction portions 140 provided (or disposed) at
adjacent pixel groups of the ixj number of pixel groups
PG[1,1] to PG[ij] included in a pixel block PB [1,1] of 1x1
(or at the first row and the first column) may differ. For
example, the pixel-based rotation angles of light extraction
portions 140 provided (or disposed) at each of the ixj pixel
groups PG[1,1] to PG[ij] included in the pixel block PB[1,1]
of 1x1 may have a difference of 1 degree or 3 degrees or
more. For example, the pixel-based rotation angles of light
extraction portions 140 disposed at one or more pixel
groups, which are not adjacent to one another, of the pixel
groups PG[1,1] to PG[ij] included in the pixel block PB[1,1]
of 1x1 may be about 0 degrees or may be equal to one
another, and pixel-based rotation angles of light extraction
portions 140 disposed at the other pixel groups (or remain-
ing pixel groups) may be irregularly or randomly set within
a range of more than 0 degrees and less than 60 degrees. For
example, when pixel-based rotation angles between adjacent
light extraction portions 140 have a difference of 3 degrees
or more, the occurrence of a radial-shaped circular ring
pattern occurring along with a radial-shaped rainbow pattern
may be effectively prevented or minimized.

[0170] According to an example embodiment, the pixel-
based rotation angles of light extraction portions 140 pro-
vided (or disposed) at each of the ixj number of pixel groups
PG[1,1] to PGJi,j] corresponding to one pixel block of the
plurality of pixel blocks PB[1,1] to PB[n,m] may be differ-
ently set to 1 degree or more or 3 degrees or more within a
range of more than 0 degrees and less than 60 degrees. For
example, the pixel-based rotation angles of light extraction
portions 140 provided (or disposed) at each of the ixj
number of pixel groups PG[1,1] to PG[i,j] corresponding to
one pixel block of the plurality of pixel blocks PB[1,1] to
PB[n,m] may be differently set to 1 degree or more or 3
degrees or more within a range of more than 0 degrees and
less than 60 degrees along any one direction of a first
direction, a second direction, and a diagonal direction. For
example, the pixel-based rotation angles of the light extrac-
tion portions 140 provided (or disposed) at a pixel group
PGJ1j] of the pixel block PB[1,1] may be set to a first value.
The pixel-based rotation angles of the light extraction por-
tions 140 provided (or disposed) at a pixel group PG[2]] of
the pixel block PB[1,1] may be set to a second value. The
first value and the second value may be set differently so that
a difference between the first and second values may be 1
degree or more or 3 degrees or more within a range of more
than O degrees and less than 60 degrees.
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[0171] According to another example embodiment, the
pixel-based rotation angles of light extraction portions 140
provided (or disposed) at each of the ixj number of pixel
groups corresponding to one pixel block of the plurality of
pixel blocks PB[1,1] to PB[n,m] may be set to satisfy the
following conditions 1 to 6 within a range of more than 0
degrees and less than 60 degrees.

[0172] Condition 1) the pixel-based rotation angles of
light extraction portions 140 provided (or disposed) at each
of the ixj number of pixel groups PG[1,1] to PG[i,j] may
have irregularity or randomness.

[0173] Condition 2) the pixel-based rotation angles of
light extraction portions 140 provided (or disposed) at two
pixel groups PG[1,1] to PG[ij] directly adjacent to each
other along any one direction of the first direction, the
second direction, and the diagonal direction may have a
difference of 1 degree or more or 3 degrees or more. In one
or more aspects, this condition may be applied to all of the
two adjacent pixel groups among the pixel groups PG[1,1]
to PGTijl.

[0174] Condition 3) the pixel-based rotation angles of
light extraction portions 140 provided (or disposed) at pixel
groups PG[1,1] to PG[ij] which are not directly adjacent to
each other along any one direction of the first direction, the
second direction, and the diagonal direction may be about 0
degrees.

[0175] Condition 4) two or more adjacent pixel groups
PG[1,1] to PGJij], where the pixel-based rotation angles of
light extraction portions 140 have a difference of 1 degree or
more or 3 degrees or more, may be disposed between pixel
groups PG[1,1] to PGJi,j] where pixel-based rotation angles
of light extraction portions 140 are about 0 degrees.
[0176] Condition 5) the pixel-based rotation angles of
light extraction portions 140 provided (or disposed) at pixel
groups PG[1,1] to PG[ij] which are not directly adjacent to
each other along any one direction of the first direction, the
second direction, and the diagonal direction may be equal to
one another.

[0177] Condition 6) two or more adjacent pixel groups
PG[1,1] to PGJi,j] where the pixel-based rotation angles of
light extraction portions 140 have a difference of 1 degree or
more or 3 degrees or more may be disposed between pixel
groups PG[1,1] to PGJi,j] where pixel-based rotation angles
of light extraction portions 140 are equal to one another.
[0178] According to an example embodiment of the pres-
ent disclosure, in each of the plurality of pixel blocks
PB[1,1] to PB[n,m], pixel block-based rotation angles of
light extraction portions 140 provided (or disposed) at each
of the ixj number of pixel groups PG[1,1] to PG[i,j] may be
set differently or randomly by pixel block units. For
example, the pixel block-based rotation angles of light
extraction portions 140 provided (or disposed) at each of
pixel blocks directly adjacent to each other along any one
direction of the first direction, the second direction, and the
diagonal direction among the plurality of pixel blocks PB[1,
1] to PB [n,m] may have asymmetry, irregularity, or ran-
domness. For example, the pixel block-based rotation angles
of light extraction portions 140 provided (or disposed) at
pixel blocks directly adjacent to each other along any one
direction of the first direction, the second direction, and the
diagonal direction among the plurality of pixel blocks PB[1,
1] to PB[n,m] may differ entirely. For example, some of
pixel block-based rotation angles of light extraction portions
140 provided (or disposed) at pixel blocks, which are not
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directly adjacent to each other along any one direction of the
first direction, the second direction, and the diagonal direc-
tion of the plurality of pixel blocks PB[1,1] to PB[n,m]| may
be about 0 degrees or equal to one another. In one or more
examples, a pixel block-based rotation angle of a light
extraction portion 140 may denote a rotation angle of a light
extraction portion 140 which is identically set in each of a
plurality of subpixels configuring one pixel block.

[0179] For example, as shown in FIGS. 10B and 10C, in
a pixel block PB[1,1] of 1x1 (or at a first row and a first
column) shown in FIGS. 9 and 10A, a rotation angle 83 of
a light extraction portion 140 provided (or disposed) at a
pixel groups PG[1j] of 1xj (or at the first row and a jth
column) may differ from a rotation angle 63 of a light
extraction portion 140 provided (or disposed) at a pixel
groups PG[2,j] of 2%j (or at a second row and the jth
column). For example, the rotation angle 03 of the light
extraction portion 140 provided (or disposed) at the pixel
groups PG[1j] of 1xj (or at the first row and the jth column)
may have a difference of 1 degree or 3 degrees or more than
a rotation angle 03 of the light extraction portion 140
provided (or disposed) at a pixel groups PG[2,j] of 2xj (or
at the second row and the jth column). For example, the
rotation angle 03 of the light extraction portion 140 provided
(or disposed) at the pixel groups PG[1 j] of 1xj (or at the first
row and the jth column) shown in FIG. 10B may be about
5 degrees. For example, the rotation angle 03 of the light
extraction portion 140 provided (or disposed) at the pixel
groups PG[2,j] of 2xj (or at the second row and the jth
column) shown in FIG. 10C may be about 15 degrees.
[0180] Therefore, in the light emitting display apparatus
according to another example embodiment of the present
disclosure, the pixel block-based rotation angles of light
extraction portions 140 provided (or disposed) at each of the
plurality of pixel blocks PB [1,1] to PB[n,m] and pixel-
based rotation angles of light extraction portions 140 pro-
vided (or disposed) at each of the plurality of pixel groups
PG[1,1] to PGij] included in each of the plurality of pixel
blocks PB [1,1] to PB[n,m] may be set differently or
randomly, and thus, a diffraction pattern of reflected light
caused by reflection in the light extraction portion 140
provided (or disposed) at each of the plurality of pixels P
may be changed by pixel P units. Thus, a diffraction pattern
of reflected light occurring in the light extraction portion 140
of each of the plurality of pixels P may be offset or
minimized, or the occurrence of a radial-shaped rainbow
pattern and a radial-shaped circular ring pattern of reflected
light may be prevented or minimized due to irregularity or
randomness of a diffraction pattern of the reflected light.
Accordingly, a reduction in a black visual characteristic
occurring due to the reflection of external light in a non-
driving or turning-off state of light emitting display appa-
ratus may decrease, and thus, real black may be realized (or
implemented).

[0181] FIG. 11 is an example of a diagram illustrating a
rotation structure of a pixel group-based light extraction
portion disposed in one pixel block shown in FIG. 9.
[0182] Referring to FIGS. 9 and 11 in conjunction with
FIG. 6, in a light emitting display apparatus according to
another example embodiment of the present disclosure, each
of a plurality of pixel blocks PB[1,1] to PB[n,m] may
include a plurality of pixel groups PG[1,1] to PG[x,y]. For
example, each of the plurality of pixel blocks PB[1,1] to
PB[n,m] may include xxy number (or x number of rows and
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y number of columns) of pixel groups PG[1,1] to PG[x.y],
where each of “n” and “m” is a positive integer, and each of
“” and “j” is a positive integer.

[0183] Each of the plurality of pixel groups PG[1,1] to
PG[x,y] may include four or more (or two or more) pixels
P. For example, four pixels P adjacent to one another along
a first direction X of a plurality of pixels P provided (or
disposed) at a display area AA may be grouped into one
pixel group.

[0184] According to an example embodiment of the pres-
ent disclosure, in each of the plurality of pixel groups
PG[1,1] to PG[x,y], light extraction portions 140 provided
(or disposed) at four pixels P may be configured to rotate by
a predetermined angle with respect to an arbitrary reference
point within a corresponding pixel P. For example, in each
of the plurality of pixel groups PG[1,1] to PG[x,y], a light
extraction portion 140 provided (or disposed) at each of a
plurality of subpixels included at each of four pixels P may
be configured to rotate by the predetermined angle with
respect to a center portion of one concave portion 141 of a
corresponding subpixel. For example, pixel group-based
rotation angles of light extraction portions 140 respectively
provided (or disposed) at the plurality of pixel groups
PG[1,1] to PG[x,y] may be equal to one another. A pixel
group-based rotation angle of a light extraction portion 140
may denote a rotation angle of a light extraction portion 140
which is identically set at each of a plurality of subpixels SP
(e.g., each of four subpixels) configuring one pixel group.
Rotation angles of light extraction portions 140 respectively
provided (or disposed) at sixteen subpixels configuring one
pixel group may be equal to one another. For example, in a
pixel group PG[1,1] of 1x1 (or at the first row and the first
column), pixel group-based rotation angles of light extrac-
tion portions 140 respectively provided (or disposed) at a
plurality of subpixels included in each of four pixels P may
be equal to one another.

[0185] For example, pixel group-based rotation angles of
light extraction portions 140 provided (or disposed) at
adjacent pixel groups among xxy number of pixel groups
PG[1,1] to PG[x,y] included in a pixel block PB[1,1] of 1x1
(or at the first row and the first column) may differ. For
example, the pixel group-based rotation angles of light
extraction portions 140 respectively provided (or disposed)
at the xxy number of pixel groups PG[1,1] to PG[xy]
included in a pixel block PB[1,1] of 1x1 may have a
difference of 1 degree or 3 degrees or more. For example, the
pixel group-based rotation angles of light extraction portions
140 provided (or disposed) at one or more pixel groups,
which are not adjacent to one another, of the xxy number of
pixel groups PG[1,1] to PG[x,y] included in the pixel block
PB [1,1] of 1x1 may be about 0 degrees or may be equal to
one another, and pixel group-based rotation angles of light
extraction portions 140 disposed at the other pixel groups (or
remaining pixel groups) may be irregularly or randomly set
within a range of more than O degrees and less than 60
degrees.

[0186] According to an example embodiment, the pixel
group-based rotation angles of light extraction portions 140
provided (or disposed) at each of the xxy number of pixel
groups PG[1,1] to PG[x,y] corresponding to one pixel block
of the plurality of pixel blocks PB[1,1] to PB[n,m] may be
differently set to 1 degree or more or 3 degrees or more
within a range of more than O degrees and less than 60
degrees. For example, the pixel group-based rotation angles
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of light extraction portions 140 provided (or disposed) at
each of the xxy number of pixel groups PG[1,1] to PG[x,y]
corresponding to one pixel block of the plurality of pixel
blocks PB[1,1] to PB[n,m] may be differently set to 1 degree
or more or 3 degrees or more within a range of more than 0
degrees and less than 60 degrees along any one direction of
a first direction, a second direction, and a diagonal direction.
[0187] According to another example embodiment, the
pixel group-based rotation angles of light extraction portions
140 provided (or disposed) at each of the xxy number of
pixel groups PG[1,1] to PG[x,y] corresponding to one pixel
block of the plurality of pixel blocks PB[1,1] to PB[n,m]
may be set to more than 0 degrees and less than 60 degrees
so as to satisfy the conditions 1 to 6 described below.
[0188] Condition 1) the pixel group-based rotation angles
of light extraction portions 140 provided (or disposed) at
each of the xxy number of pixel groups PG[1,1] to PG[x,y]
may have irregularity or randomness.

[0189] Condition 2) the pixel group-based rotation angles
of light extraction portions 140 provided (or disposed) at
two pixel groups PG[1,1] to PG[x,y] directly adjacent to
each other along any one direction of the first direction, the
second direction, and the diagonal direction may have a
difference of 1 degree or more or 3 degrees or more. In one
or more aspects, this condition may be applied to all of the
two adjacent pixel groups among the pixel groups PG[1,1]
to PG[x,y].

[0190] Condition 3) the pixel group-based rotation angles
of light extraction portions 140 provided (or disposed) at
pixel groups PGJ[1,1] to PG[x,y] which are not directly
adjacent to each other along any one direction of the first
direction, the second direction, and the diagonal direction
may be about 0 degrees.

[0191] Condition 4) two or more adjacent pixel groups
PG[1,1] to PG[x,y], where the pixel group-based rotation
angles of light extraction portions 140 have a difference of
1 degree or more or 3 degrees or more, may be disposed
between pixel groups PG[1,1] to PG[x,y] where pixel group-
based rotation angles of light extraction portions 140 are
about 0 degrees.

[0192] Condition 5) the pixel group-based rotation angles
of light extraction portions 140 provided (or disposed) at
pixel groups PGJ[1,1] to PG[x,y] which are not directly
adjacent to each other along any one direction of the first
direction, the second direction, and the diagonal direction
may be equal to one another.

[0193] Condition 6) two or more adjacent pixel groups
PG[1,1] to PG[x,y] where the pixel group-based rotation
angles of light extraction portions 140 have a difference of
1 degree or more or 3 degrees or more may be disposed
between pixel groups PG[1,1] to PG[x,y] where pixel group-
based rotation angles of light extraction portions 140 are
equal to one another.

[0194] According to an example embodiment of the pres-
ent disclosure, in each of the plurality of pixel blocks
PB[1,1] to PB[n,m], pixel group-based rotation angles of
light extraction portions 140 provided (or disposed) at each
of the xxy number of pixel groups PG[1,1] to PG[x,y] may
be set differently or randomly by pixel block units. For
example, the pixel group-based rotation angles of light
extraction portions 140 provided (or disposed) at each of
pixel blocks directly adjacent to each other along any one
direction of the first direction, the second direction, and the
diagonal direction among the plurality of pixel blocks PB[1,
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1] to PB[n,m] may have asymmetry, irregularity, or random-
ness. For example, the pixel group-based rotation angles of
light extraction portions 140 provided (or disposed) at pixel
blocks directly adjacent to each other along any one direc-
tion of the first direction, the second direction, and the
diagonal direction among the plurality of pixel blocks PB[1,
1] to PB[n,m] may differ entirely. For example, some of
pixel group-based rotation angles of light extraction portions
140 provided (or disposed) at pixel blocks, which are not
directly adjacent to each other along any one direction of the
first direction, the second direction, and the diagonal direc-
tion of the plurality of pixel blocks PB[1,1] to PB[n,m]| may
be about 0 degrees or equal to one another.

[0195] Therefore, in the light emitting display apparatus
according to another example embodiment of the present
disclosure, the pixel block-based rotation angles of light
extraction portions 140 provided (or disposed) at each of the
plurality of pixel blocks PB [1,1] to PB[n,m] and pixel
group-based rotation angles of light extraction portions 140
provided (or disposed) at each of the plurality of pixel
groups PG[1,1] to PG[i,j] included in each of the plurality of
pixel blocks PB[1,1] to PB[n,m] may be set differently or
randomly, and thus, a diffraction pattern of reflected light
caused by reflection in the light extraction portion 140
provided (or disposed) at each of the plurality of pixels P
may be changed by pixel P units. Thus, a diffraction pattern
of reflected light occurring in the light extraction portion 140
of each of the plurality of pixels P may be offset or
minimized, or the occurrence of a radial-shaped rainbow
pattern and a radial-shaped circular ring pattern of reflected
light may be prevented or minimized due to irregularity or
randomness of a diffraction pattern of the reflected light.
Accordingly, a reduction in a black visual characteristic
occurring due to the reflection of external light in a non-
driving or turning-off state of light emitting display appa-
ratus may decrease, and thus, real black may be realized (or
implemented).

[0196] FIG. 12 is an example of a diagram illustrating a
rotation structure of a subpixel-based light extraction portion
disposed in one pixel block shown in FIG. 9. FIG. 13 is an
example of a diagram illustrating four subpixels shown in
FIG. 12.

[0197] Referring to FIGS. 9, 12, and 13, in a light emitting
display apparatus according to another example embodi-
ment of the present disclosure, each of a plurality of pixel
blocks PB[1,1] to PB[n,m] may include a plurality of
subpixels SP[1,1] to SP[g.h].

[0198] Each of the plurality of pixel blocks PB[1,1] to
PB[n,m] may include a plurality of subpixels. For example,
each of'the plurality of pixel blocks PB[1,1] to PB[n,m]| may
include gxh number of subpixels SP[1,1] to SP[gh]. For
example, a plurality of subpixels SP provided (or disposed)
at or in a display area AA may be grouped (or blocked) into
gxh number (or g number of rows and h number of columns)
of subpixels and may be included in each of the plurality of
pixel blocks PB [1,1] to PB[n,m].

[0199] According to an example embodiment of the pres-
ent disclosure, in each of the plurality of pixel blocks
PB[1,1] to PB[n,m], a light extraction portion 140 provided
(or disposed) at each of a plurality of subpixels SP may be
configured to rotate by a predetermined angle with respect to
an arbitrary reference point within a corresponding subpixel.
Rotation angles of light extraction portions 140 respectively
provided (or disposed) at each of the gxh number of sub-

Apr. 11, 2024

pixels SP[1,1] to SP[g,h] included in each of the plurality of
pixel blocks PB[1,1] to PB[n,m]| may differ. A rotation angle
of a light extraction portion 140 provided (or disposed) at
each of the plurality of subpixels SP may denote a subpixel-
based rotation angle of a light extraction portion 140. For
example, the subpixel-based rotation angles of light extrac-
tion portions 140 respectively provided (or disposed) at a
plurality of subpixels SP included in one pixel P may differ.
[0200] For example, the subpixel-based rotation angles of
light extraction portions 140 provided (or disposed) at each
of the gxh number of subpixels SP[1,1] to SP[g,h] included
in a pixel block PB[1,1] of 1x1 (or at the first row and the
first column) may differ. For example, the subpixel-based
rotation angles of light extraction portions 140 respectively
provided (or disposed) at each of the gxh number of sub-
pixels SP[1,1] to SP[g,h] included in a pixel block PB[1,1]
of 1x1 may have a difference of 1 degree or 3 degrees or
more. For example, the subpixel-based rotation angles of
light extraction portions 140 provided (or disposed) at one or
more pixel groups, which are not adjacent to one another, of
the gxh number of subpixels SP[1,1] to SP[g,h] included in
the pixel block PB[1,1] of 1x1 may be about O degrees or
may be equal to one another, and subpixel-based rotation
angles of light extraction portions 140 disposed at the other
pixel groups (or remaining pixel groups) may be irregularly
or randomly set within a range of more than 0 degrees and
less than 60 degrees.

[0201] According to an example embodiment, the sub-
pixel-based rotation angles of light extraction portions 140
provided (or disposed) at each of the gxh number of sub-
pixels SP[1,1] to SP[g,h] corresponding to one pixel block
of the plurality of pixel blocks PB[1,1] to PB[n,m] may be
differently set to 1 degree or more or 3 degrees or more
within a range of more than O degrees and less than 60
degrees. For example, the subpixel-based rotation angles of
light extraction portions 140 provided (or disposed) at each
of the gxh number of subpixels SP[1,1] to SP[g,h] corre-
sponding to one pixel block of the plurality of pixel blocks
PB[1,1] to PB[n,m] may be differently set to 1 degree or
more or 3 degrees or more within a range of more than 0
degrees and less than 60 degrees along any one direction of
a first direction, a second direction, and a diagonal direction.
[0202] According to an example embodiment, as shown in
FIG. 13, rotation angles 06 to 09 of first to fourth light
extraction portions 140a to 1404 respectively provided (or
disposed) at four subpixels SP[1,1] to SP[1,4] included in
one pixel P may be differently set to 1 degree or more or 3
degrees or more within a range of more than 0 degrees and
less than 60 degrees. For example, as shown in FIG. 14A; a
rotation angle 66 of a first light extraction portion 140a
provided (or disposed) at a first subpixel SP[1,1] may be
about 60 degrees or about 0 degrees where there is no
rotation. For example, as shown in FIG. 14B, a rotation
angle 07 of a second light extraction portion 1405 provided
(or disposed) at a second subpixel SP[1,2] may be about 57
degrees. For example, as shown in FIG. 14C, a rotation
angle 08 of a third light extraction portion 140¢ provided (or
disposed) at a third subpixel SP[1,3] may be about 53
degrees. For example, as shown in FIG. 14D, a rotation
angle 69 of a fourth light extraction portion 140d provided
(or disposed) at a fourth subpixel SP[1,4] may be about 49
degrees.

[0203] According to another example embodiment, the
subpixel-based rotation angles of light extraction portions
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140 provided (or disposed) at each of the gxh number of
subpixels SP[1,1] to SP[g,h] corresponding to one pixel
block of the plurality of pixel blocks PB [1,1] to PB[n,m]
may be set to more than 0 degrees and less than 60 degrees
so0 as to satisfy the conditions 1 to 6 described below.

[0204] Condition 1) the subpixel-based rotation angles of
light extraction portions 140 provided (or disposed) at each
of'the gxh number of subpixels SP[1,1] to SP[g,h] may have
irregularity or randomness.

[0205] Condition 2) the subpixel-based rotation angles of
light extraction portions 140 provided (or disposed) at two
subpixels SP[1,1] to SP[g,h] directly adjacent to each other
along any one direction of the first direction, the second
direction, and the diagonal direction may have a difference
of' 1 degree or more or 3 degrees or more. In one or more
aspects, this condition may be applied to all of the two
adjacent subpixels among the subpixels SP[1,1] to SP[g,h].

[0206] Condition 3) the subpixel-based rotation angles of
light extraction portions 140 provided (or disposed) at
subpixels SP[1,1] to SP[g,h] which are not directly adjacent
to each other along any one direction of the first direction,
the second direction, and the diagonal direction may be
about 0 degrees.

[0207] Condition 4) two or more adjacent subpixels SP[1,
1] to SP[g,h], where the subpixel-based rotation angles of
light extraction portions 140 have a difference of 1 degree or
more or 3 degrees or more, may be disposed between
subpixels SP[1,1] to SP[g,h] where subpixel-based rotation
angles of light extraction portions 140 are about O degrees.

[0208] Condition 5) the subpixel-based rotation angles of
light extraction portions 140 provided (or disposed) at
subpixels SP[1,1] to SP[g,h] which are not directly adjacent
to each other along any one direction of the first direction,
the second direction, and the diagonal direction may be
equal to one another.

[0209] Condition 6) two or more adjacent subpixels SP[1,
1] to SP[g,h] where the subpixel-based rotation angles of
light extraction portions 140 have a difference of 1 degree or
more or 3 degrees or more may be disposed between
subpixels SP[1,1] to SP[g,h] where subpixel-based rotation
angles of light extraction portions 140 are equal to one
another.

[0210] According to an example embodiment of the pres-
ent disclosure, in each of the plurality of pixel blocks
PB[1,1] to PB[n,m], subpixel-based rotation angles of light
extraction portions 140 provided (or disposed) at each of the
gxh number of subpixels SP[1,1] to SP[g,h] may be set
differently or randomly by pixel block units. For example,
the subpixel-based rotation angles of light extraction por-
tions 140 provided (or disposed) at each of pixel blocks
directly adjacent to each other along any one direction of the
first direction, the second direction, and the diagonal direc-
tion among the plurality of pixel blocks PB[1,1] to PB [n,m]
may have asymmetry, irregularity, or randomness. For
example, the subpixel-based rotation angles of light extrac-
tion portions 140 provided (or disposed) at pixel blocks
directly adjacent to each other along any one direction of the
first direction, the second direction, and the diagonal direc-
tion among the plurality of pixel blocks PB[1,1] to PB[n,m]
may differ entirely. For example, some of subpixel-based
rotation angles of light extraction portions 140 provided (or
disposed) at pixel blocks, which are not directly adjacent to
each other along any one direction of the first direction, the
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second direction, and the diagonal direction of the plurality
of pixel blocks PB[1,1] to PB[n,m] may be about 0 degrees
or equal to one another.

[0211] Therefore, in the light emitting display apparatus
according to another example embodiment of the present
disclosure, the pixel block-based rotation angles of light
extraction portions 140 provided (or disposed) at each of the
plurality of pixel blocks PB [1,1] to PB[n,m] and subpixel-
based rotation angles of light extraction portions 140 pro-
vided (or disposed) at each of the plurality of subpixels
SP[1,1] to SP[g,h] included in each of the plurality of pixel
blocks PB[1,1] to PB[n,m] may be set differently or ran-
domly, and thus, a diffraction pattern of reflected light
caused by reflection in the light extraction portion 140
provided (or disposed) at each of the plurality of pixels P
may be changed by pixel P units. Thus, a diffraction pattern
of reflected light occurring in the light extraction portion 140
of each of the plurality of pixels P may be offset or
minimized, or the occurrence of a radial-shaped rainbow
pattern and a radial-shaped circular ring pattern of reflected
light may be prevented or minimized due to irregularity or
randomness of a diffraction pattern of the reflected light.
Accordingly, a reduction in a black visual characteristic
occurring due to the reflection of external light in a non-
driving or turning-off state of light emitting display appa-
ratus may decrease, and thus, real black may be realized (or
implemented).

[0212] FIG. 15 is a diagram illustrating one pixel in a light
emitting display apparatus according to another example
embodiment of the present disclosure. FIG. 15 illustrates an
example embodiment implemented by modifying a rotation
angle of a light extraction portion provided in each of a
plurality of subpixels included in one pixel. In the following
description, therefore, only a rotation angle of a light extrac-
tion portion provided in each of a plurality of subpixels is
described in more detail, and repeated descriptions may be
omitted for brevity.

[0213] Referring to FIG. 15, in a light emitting display
apparatus according to another example embodiment of the
present disclosure, one of light extraction portions 140
respectively provided (or disposed) at or in a plurality of
subpixels SP1 to SP4 included in each of a plurality of pixels
P may have a different rotation angle. For example, one of
light extraction portions 140 respectively provided (or dis-
posed) at first to fourth subpixels SP1 to SP4 included in
each of a plurality of pixels P may have a different rotation
angle. For example, the light extraction portions 140 pro-
vided (or disposed) at the second subpixel SP2 of the first to
fourth subpixels SP1 to SP4 may have a different rotation
angle.

[0214] According to an example embodiment, a rotation
angle of a light extraction portion 140 provided (or dis-
posed) at some subpixels of the plurality of subpixels SP1 to
SP4 included in each of the plurality of pixels P may differ
from a rotation angle of a light extraction portion 140
provided (or disposed) at the other one subpixel (or remain-
ing subpixel). For example, each of first, third, and fourth
light extraction portions 140a, 140¢, and 1404 respectively
provided (or disposed) at the first, third, and fourth subpixels
SP1, SP3, and SP4 included in each of the plurality of pixels
P may have the same tenth rotation angle 610, and the
second light extraction portion 1405 provided (or disposed)
at the second subpixel SP2 may have an eleventh rotation
angle 011. For example, the second subpixel SP2 may be a
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white subpixel which is relatively more in amount of
reflected light than the other subpixels, but embodiments
according to the present disclosure are not limited thereto.
[0215] The tenth rotation angle 610 may be an angle
which is greater than 0O degrees and less than 60 degrees. An
eleventh rotation angle 611 may be an angle which is 1 or
more degrees greater than the tenth rotation angle 610 or 3
or more degrees less than the tenth rotation angle 610 within
a range of more than 0 degrees and less than 60 degrees.
[0216] According to an example embodiment of the pres-
ent disclosure, a rotation angle of the light extraction portion
1406 provided (or disposed) at the second subpixel SP2 of
each of the plurality of pixels P may be differently set to 1
degree or more or 3 degrees or more within a range of more
than O degrees and less than 60 degrees. For example, a
rotation angle of a light extraction portion for each second
subpixel may be differently set to 1 degree or more or 3
degrees or more within a range of more than 0 degrees and
less than 60 degrees along any one direction of a first
direction, a second direction, and a diagonal direction.
[0217] According to another example embodiment of the
present disclosure, a rotation angle of a light extraction
portion for each of second subpixels spaced apart from one
another with two or more pixels P therebetween along any
one direction of a first direction, a second direction, and a
diagonal direction may be equal within a range of more than
0 degrees and less than 60 degrees.

[0218] The pixel-based rotation angles of light extraction
portions 140 of the plurality of subpixels SP1 to SP4
included in the pixel P described with reference to FIG. 15
may be identically applied to the light extraction portions
140 described above with reference to FIGS. 9 to 11, and
repeated descriptions thereof are omitted.

[0219] FIG. 16A is a photograph showing a black visual
characteristic of the light emitting display apparatus accord-
ing to an example embodiment of the present disclosure
shown in FIG. 2, and FIG. 16B is a photograph showing a
black visual characteristic of the light emitting display
apparatus according to another example embodiment of the
present disclosure shown in FIG. 5. In a light emitting
display apparatus used to produce the photograph of FIG.
16A, each of light extraction portions provided in subpixels
of'each of a plurality of pixels has a 0-degree rotation angle.
In a light emitting display apparatus used to produce the
photograph of FIG. 16B, light extraction portions provided
in subpixels of each of a plurality of pixels have a difference
of 3 degrees or more by pixel units. In each of the light
emitting display apparatuses used to produce the photo-
graphs of FIGS. 16A and 16B, no polarization member was
included (or utilized).

[0220] As seen in FIG. 16A, in a light emitting display
apparatus according to an example embodiment of the
present disclosure, the rainbow pattern in the radial form and
a radial-shaped circular ring pattern are generated by light
reflected by a light extraction portion disposed at a protec-
tion layer, thereby degrading black visibility characteristics.
[0221] As seen in FIG. 16B, a light emitting display
apparatus according to another example embodiment of the
present disclosure may be configured so that light extraction
portions provided in subpixels of each of a plurality of pixels
have a difference of 3 degrees or more by pixel units, and
thus, the occurrence of a radial-shaped rainbow pattern and
a radial-shaped circular ring pattern of reflected light may be
prevented or minimized due to a rotation angle difference
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between light extraction portions by pixel units, whereby it
may be seen that a black visual characteristic may be
enhanced.

[0222] In a modified example of FIG. 16B, where a
polarization member is attached to (or included in) a light
emitting display apparatus, stains having a circular ring
shape occurring in a concentric circle with respect to white
reflected light having a circular shape may be removed
based on an antireflection function of the polarization mem-
ber.

[0223] A light emitting display apparatus according to one
or more example embodiments of the present disclosure is
described below.

[0224] A light emitting display apparatus according to one
or more example embodiments of the present disclosure may
comprise a substrate, a plurality of pixels including a plu-
rality of subpixels on the substrate, a light extraction portion
disposed on the substrate and in each of the plurality of
subpixels, and a light emitting device layer on the light
extraction portion. The light extraction portion may com-
prise a plurality of concave portions and a convex portion
between the plurality of concave portions, and a tilt line
passing through a center portion of each of the plurality of
concave portions at one or more of the plurality of subpixels
may be inclined from a straight line parallel to a length
direction of the substrate.

[0225] According to one or more example embodiments of
the present disclosure, an angle between the straight line and
the tilt line may be more than O degrees and less than 60
degrees.

[0226] According to one or more example embodiments of
the present disclosure, the light extraction portion has
rotated with respect to a reference point within a correspond-
ing subpixel.

[0227] According to one or more example embodiments of
the present disclosure, the light extraction portion have
rotated by an angle of more than 0 degrees and less than 60
degrees with respect to the center portion of one of the
plurality of concave portions of a corresponding subpixel.

[0228] According to one or more example embodiments of
the present disclosure, a tilt line passing through center
portions of the plurality of concave portions in each of the
plurality of subpixels may be inclined by a different angle
from the straight line. For example, an angle for the tilt line
of'one subpixel of the plurality of subpixels may be different
from an angle for the tilt line of another subpixel of the
plurality of subpixels. For example, an angle for the tilt line
of each subpixel of the plurality of subpixels may be
different from an angle for the tilt line of another subpixel of
the plurality of subpixels. For example, one or more angles
for the one or more tilt lines of one or more subpixels of the
plurality of subpixels may be different from one or more
angles for the one or more tilt lines of one or more other
subpixels of the plurality of subpixels.

[0229] According to one or more example embodiments of
the present disclosure, the tilt line passing through the center
portions of the plurality of concave portions in each of the
plurality of subpixels may be inclined by a different angle
within a range of more than O degrees and less than 60
degrees from the straight line.

[0230] According to one or more example embodiments of
the present disclosure, the light extraction portions of the
plurality of subpixels may have rotated by different angles
with respect to reference points within corresponding sub-



US 2024/0122046 Al

pixels. For example, a rotation angle of the light extraction
portion in one subpixel of the plurality of subpixels may be
different from a rotation angle of the light extraction portion
in another subpixel of the plurality of subpixels. For
example, a rotation angle of the light extraction portion in
each subpixel of the plurality of subpixels may be different
from a rotation angle of the light extraction portion in
another subpixel of the plurality of subpixels. For example,
one or more rotation angles of one or more light extraction
portions in one or more subpixels of the plurality of sub-
pixels may be different from one or more rotation angles of
one or more light extraction portions in one or more other
subpixels of the plurality of sub pixels.

[0231] According to one or more example embodiments of
the present disclosure, the light extraction portions in the
plurality of subpixels may have rotated by different angles
within a range of more than O degrees and less than 60
degrees with respect to the reference points within the
corresponding subpixels.

[0232] According to one or more example embodiments of
the present disclosure, the light emitting display apparatus
may further comprise a plurality of pixel blocks including a
plurality of pixel groups, and each of the plurality of pixel
groups may comprise one or more of the plurality of pixels.
In one or more aspects, each of the plurality of pixel blocks
may comprise the plurality of pixel groups. In one or more
aspects, each of the plurality of pixels may comprise the
plurality of subpixels. In one or more aspects, each of the
one or more of the plurality of pixels may comprise the
plurality of subpixels.

[0233] According to one or more example embodiments of
the present disclosure, the one or more of the plurality of
pixels may comprise one or more pixels, the light extraction
portion in each of the plurality of subpixels configuring each
of the plurality of pixels may have a rotation angle rotated
by a same angle with respect to a reference point within a
corresponding subpixel, and pixel-based rotation angles of
the light extraction portions in the one or more pixels
included in each of the plurality of pixel groups may be
equal to one another at a corresponding pixel group. For
example, the plurality of subpixels may configure (or may be
included in) each pixel of the plurality of pixels. For
example, the light extraction portions may be in the one or
more pixels. For example, the one or more pixels may be
included in each pixel group of the plurality of pixel groups.
For example, pixel-based rotation angles of the light extrac-
tion portions in the one or more pixels included in each pixel
group (or one pixel group) of the plurality of pixel groups
may be equal to pixel-based rotation angles of the light
extraction portions in the one or more pixels included in
another pixel group of the plurality of pixel groups.

[0234] According to one or more example embodiments of
the present disclosure, pixel group-based rotation angles of
the light extraction portions in each of the plurality of pixel
groups included in each of the plurality of pixel blocks may
differ from one another at a corresponding pixel block. For
example, the light extraction portions may be in each of the
plurality of pixel groups. For example, the plurality of pixel
groups may be included in each of the plurality of pixel
blocks. For example, pixel group-based rotation angles of
the light extraction portions in each of the plurality of pixel
groups, where the plurality of pixel groups are included in
each of the plurality of pixel blocks, (the “pixel group-based
rotation angles in each pixel block™) may differ from pixel
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group-based rotation angles of the light extraction portions
in each of the plurality of pixel groups, where the plurality
of pixel groups are included in another pixel block of the
plurality of pixel blocks (the “pixel group-based rotation
angles in another pixel block™). For example, pixel group-
based rotation angles of the light extraction portions in each
pixel block (or one pixel block) may differ from pixel
group-based rotation angles of the light extraction portions
in another pixel block.

[0235] According to one or more example embodiments of
the present disclosure, the plurality of pixel groups may
comprise two adjacent pixel groups, and pixel-based rota-
tion angles of light extraction portions of two adjacent pixel
groups in each of the plurality of pixel blocks may be within
a range of more than 0 degrees and less than 60 degrees and
may have a difference of 1 degree or more or 3 degrees or
more within a range of more than 0 degrees and less than 60
degrees. In one or more aspects, the plurality of pixel groups
may comprise the two adjacent pixel groups.

[0236] According to one or more example embodiments of
the present disclosure, pixel block-based rotation angles of
the light extraction portions in each of the plurality of pixel
blocks may differ.

[0237] According to one or more example embodiments of
the present disclosure, the light extraction portion in one of
the plurality of subpixels and the light extraction portion of
each of other subpixels of the plurality of subpixels may
have rotated by different angles with respect to a reference
point within a corresponding subpixel. For example, a light
extraction portion in one subpixel of the plurality of sub-
pixels may have rotated by a first angle with respect to a
reference point within the one subpixel. A light extraction
portion in each of the other subpixels of the plurality of
subpixels may have rotated by a second angle with respect
to a reference point within the corresponding subpixel of the
other subpixels. The first angle may be different from the
second angle.

[0238] According to one or more example embodiments of
the present disclosure, the light extraction portions of the
other subpixels of the plurality of subpixels may have
rotated by a same angle with respect to the reference point.
[0239] According to one or more example embodiments of
the present disclosure, the light extraction portion of the one
of' the plurality of subpixels may have rotated by an angle of
more than 0 degrees and less than 60 degrees with respect to
the reference point, and the light extraction portions of the
other subpixels of the plurality of subpixels may have
rotated by an angle of more than 0 degrees and less than 60
degrees with respect to the reference point.

[0240] According to one or more example embodiments of
the present disclosure, the one of the plurality of subpixels
may be a white subpixel, and the other subpixels of the
plurality of subpixels may comprise a red subpixel, a blue
subpixel, and a green subpixel.

[0241] According to one or more example embodiments of
the present disclosure, rotation angles of the light extraction
portions disposed at the white subpixels in two adjacent
pixels among the plurality of pixels may differ.

[0242] According to one or more example embodiments of
the present disclosure, the rotation angles of the light extrac-
tion portions disposed at the white subpixels in the two
adjacent pixels among the plurality of pixels is within a
range of more than 0 degrees and less than 60 degrees and
have a difference of 1 degree or more or 3 degrees or more.
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[0243] According to one or more example embodiments of
the present disclosure, the convex portion surrounding one
concave portion of the plurality of concave portions may
have a hexagonal shape in a plan view.

[0244] The light emitting display apparatus according to
one or more example embodiments of the present disclosure
can be applied to or included in various electronic appara-
tuses. For example, the light emitting display apparatus
according to one or more example embodiments of the
present disclosure can be applied to or included in mobile
devices, video phones, smart watches, watch phones, wear-
able devices, foldable devices, rollable devices, bendable
devices, flexible devices, curved devices, electronic orga-
nizers, electronic books, portable multimedia players
(PMPs), personal digital assistants (PDAs), motion pictures
expert group audio layer 3 (MP3) players, mobile medical
devices, desktop personal computers (PCs), laptop PCs,
netbook computers, workstations, navigation apparatuses,
automotive navigation apparatuses, automotive display
apparatuses, TVs, wall paper display apparatuses, signage
apparatuses, game machines, notebook computers, moni-
tors, cameras, camcorders, and home appliances, or the like.
[0245] 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 present disclosure. Thus, it is intended that the present
disclosure covers the modifications and variations of this
disclosure provided they come within the scope of the
appended claims and their equivalents.

What is claimed is:

1. A light emitting display apparatus, comprising:

a substrate;

a plurality of pixels including a plurality of subpixels on

the substrate;

a light extraction portion disposed on the substrate and in

each of the plurality of subpixels; and

a light emitting device layer on the light extraction

portion,

wherein:

the light extraction portion comprises a plurality of con-

cave portions and a convex portion between the plu-
rality of concave portions; and

a tilt line passing through a center portion of each of the

plurality of concave portions at one or more of the
plurality of subpixels is inclined from a straight line
parallel to a length direction of the substrate.

2. The light emitting display apparatus of claim 1, wherein
an angle between the straight line and the tilt line is more
than O degrees and less than 60 degrees.

3. The light emitting display apparatus of claim 1, wherein
the light extraction portion has rotated with respect to a
reference point within a corresponding subpixel.

4. The light emitting display apparatus of claim 1, wherein
the light extraction portion has rotated by an angle of more
than 0 degrees and less than 60 degrees with respect to the
center portion of one of the plurality of concave portions of
a corresponding subpixel.

5. The light emitting display apparatus of claim 1, wherein
a tilt line passing through center portions of the plurality of
concave portions in each of the plurality of subpixels is
inclined by a different angle from the straight line.

6. The light emitting display apparatus of claim 5, wherein
the tilt line passing through the center portions of the
plurality of concave portions in each of the plurality of
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subpixels is inclined by a different angle within a range of
more than 0 degrees and less than 60 degrees from the
straight line.

7. The light emitting display apparatus of claim 1, wherein
the light extraction portions of the plurality of subpixels
have rotated by different angles with respect to reference
points within corresponding subpixels.

8. The light emitting display apparatus of claim 7, wherein
the light extraction portions of the plurality of subpixels
have rotated by different angles within a range of more than
0 degrees and less than 60 degrees with respect to the
reference points within the corresponding sub pixels.

9. The light emitting display apparatus of claim 1, further
comprising a plurality of pixel blocks including a plurality
of pixel groups,

wherein each of the plurality of pixel groups comprises

one or more of the plurality of pixels.

10. The light emitting display apparatus of claim 9,
wherein:

the one or more of the plurality of pixels comprise one or

more pixels;
the light extraction portion in each of the plurality of
subpixels configuring each of the plurality of pixels has
a rotation angle rotated by a same angle with respect to
a reference point within a corresponding subpixel; and

pixel-based rotation angles of the light extraction portions
in the one or more pixels included in each of the
plurality of pixel groups are equal to one another at a
corresponding pixel group.

11. The light emitting display apparatus of claim 10,
wherein pixel group-based rotation angles of the light
extraction portions in each of the plurality of pixel groups
included in each of the plurality of pixel blocks differ from
one another at a corresponding pixel block.

12. The light emitting display apparatus of claim 11,
wherein:

the plurality of pixel groups comprise two adjacent pixel

groups; and

pixel-based rotation angles of the light extraction portions

of the two adjacent pixel groups in each of the plurality
of pixel blocks is within a range of more than 0 degrees
and less than 60 degrees and have a difference of 1
degree or more or 3 degrees or more.

13. The light emitting display apparatus of claim 9,
wherein pixel block-based rotation angles of the light extrac-
tion portions in each of the plurality of pixel blocks differ.

14. The light emitting display apparatus of claim 1,
wherein the light extraction portion in one of the plurality of
subpixels and the light extraction portion of each of other
subpixels of the plurality of subpixels have rotated by
different angles with respect to a reference point within a
corresponding subpixel.

15. The light emitting display apparatus of claim 14,
wherein the light extraction portions of the other subpixels
of the plurality of subpixels have rotated by a same angle
with respect to the reference point.

16. The light emitting display apparatus of claim 14,
wherein the light extraction portion of the one of the
plurality of subpixels has rotated by an angle of more than
0 degrees and less than 60 degrees with respect to the
reference point, and

wherein the light extraction portions of the other subpix-

els of the plurality of subpixels have rotated by an angle
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of more than 0 degrees and less than 60 degrees with
respect to the reference point.

17. The light emitting display apparatus of claim 14,
wherein the one of the plurality of subpixels is a white
subpixel, and

wherein the other subpixels of the plurality of subpixels

comprise a red subpixel, a blue subpixel, and a green
subpixel.

18. The light emitting display apparatus of claim 17,
wherein rotation angles of the light extraction portions
disposed at the white subpixels in two adjacent pixels among
the plurality of pixels differ.

19. The light emitting display apparatus of claim 18,
wherein the rotation angles of the light extraction portions
disposed at the white subpixels in the two adjacent pixels
among the plurality of pixels is within a range of more than
0 degrees and less than 60 degrees and have a difference of
1 degree or more or 3 degrees or more.

20. The light emitting display apparatus of claim 1,
wherein the convex portion surrounding one of the plurality
of concave portions has a hexagonal shape in a plan view.
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