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(57) ABSTRACT

A light emitting element is capable of increasing light
emission efficiency. The light emitting element includes a
first semiconductor layer including a groove and a protru-
sion disposed around the groove, a light emitting layer
disposed on the groove of the first semiconductor layer and
having a shape corresponding to the groove, a second
semiconductor layer disposed on the light emitting layer,
and an insulating pattern layer disposed on the protrusion of
the first semiconductor layer and surrounding the second
semiconductor layer.
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FIG. 10
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LIGHT EMITTING ELEMENT, DISPLAY
DEVICE INCLUDING THE SAME, AND
METHOD OF MANUFACTURING THE

LIGHT EMITTING ELEMENT

CROSS REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims priority to and benefits of
Korean Patent Application No. 10-2022-0026872 under 35
U.S.C. § 119, filed on Mar. 2, 2022, in the Korean Intellec-
tual Property Office (KIPO), the entire contents of which are
incorporated herein by reference.

BACKGROUND

1. Technical Field

[0002] Embodiments relate to a light emitting element, a
display device including the light emitting element, and a
method of manufacturing the light emitting element.

2. Description of the Related Art

[0003] Recently, demand for display devices has been
increased in various technical fields. Accordingly, research
and development of a display device has been continuously
conducted.

SUMMARY

[0004] Embodiments provide a light emitting element
capable of increasing light emission efficiency, a display
device including the light emitting element, and a method of
manufacturing the light emitting element.

[0005] However, embodiments of the disclosure are not
limited to those set forth herein. The above and other
embodiments will become more apparent to one of ordinary
skill in the art to which the disclosure pertains by referencing
the detailed description of the disclosure given below.
[0006] According to an embodiment, a light emitting
element may include a first semiconductor layer including a
groove and a protrusion disposed around the groove, a light
emitting layer disposed on the groove of the first semicon-
ductor layer and having a shape corresponding to the groove,
a second semiconductor layer disposed on the light emitting
layer, and an insulating pattern layer disposed on the pro-
trusion of the first semiconductor layer and surrounding the
second semiconductor layer.

[0007] Inan embodiment, the insulating pattern layer may
entirely surround the light emitting layer and the second
semiconductor layer in a plan view.

[0008] In an embodiment, the light emitting layer may be
disposed at a height equal to or less than a maximum height
of the groove with respect to a lower surface of the first
semiconductor layer.

[0009] Inan embodiment, the second semiconductor layer
and the insulating pattern layer may have the same height
with respect to a lower surface of the first semiconductor
layer.

[0010] Inan embodiment, the second semiconductor layer
may have a height equal to or greater than a maximum
height of the insulating pattern layer with respect to a lower
surface of the first semiconductor layer, and a portion of the
second semiconductor layer may be disposed on the insu-
lating pattern layer.
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[0011] In an embodiment, the insulating pattern layer may
entirely surround a remaining portion of the second semi-
conductor layer.

[0012] In an embodiment, the first semiconductor layer
and the second semiconductor layer may be separated from
each other by at least one of the light emitting layer and the
insulating pattern layer between the first semiconductor
layer and the second semiconductor layer.

[0013] In an embodiment, the groove may include a first
surface parallel to a lower surface of the first semiconductor
layer, and a second surface protruding from the first surface
of the groove toward an upper surface of the first semicon-
ductor layer.

[0014] In an embodiment, the second surface of the
groove may include an inclined surface inclined at an angle
of'less than 90 degrees with respect to the first surface of the
groove.

[0015] In an embodiment, the second surface of the
groove may be perpendicular to the first surface of the
groove.

[0016] In an embodiment, at least one of the first surface
and the second surface of the groove may include a curved
surface.

[0017] In an embodiment, the groove may have a
V-shaped cross section.

[0018] In an embodiment, the groove may have a curved
shape in an entire area of the groove.

[0019] In an embodiment, the light emitting element may
further include at least one of a third semiconductor layer
disposed between the first semiconductor layer and the light
emitting layer, and a fourth semiconductor layer disposed
between the light emitting layer and the second semicon-
ductor layer.

[0020] In an embodiment, the light emitting element may
further include an electrode layer disposed on the second
semiconductor layer and the insulating pattern layer.
[0021] In an embodiment, the light emitting element may
further include an insulating film surrounding an outer
circumferential surface of a light emitting stack including
the first semiconductor layer, the light emitting layer, the
second semiconductor layer, and the insulating pattern layer.
[0022] According to an embodiment, a display device may
include a pixel including a light emitting element. The light
emitting element may include a first semiconductor layer
including a groove and a protrusion disposed around the
groove, a light emitting layer disposed in the groove and
having a shape corresponding to the groove, a second
semiconductor layer disposed around the light emitting layer
and separated from the first semiconductor layer by the light
emitting layer between the first semiconductor layer and the
second semiconductor layer, and an insulating pattern layer
disposed at a position corresponding to the protrusion and
surrounding the second semiconductor layer.

[0023] According to an embodiment, a method of manu-
facturing a light emitting element may include forming a
first semiconductor layer on a substrate, forming an insu-
lating pattern layer on a portion of the first semiconductor
layer, forming a groove in the first semiconductor layer by
etching another portion of the first semiconductor layer that
is not covered by the insulating pattern layer, forming a light
emitting layer by an epitaxial growth process in the groove,
forming a second semiconductor layer on the light emitting
layer, forming a mask on the second semiconductor layer
and a portion of the insulating pattern layer disposed around
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the second semiconductor layer, patterning the light emitting
element by etching the first semiconductor layer and the
insulating pattern layer that are not covered by the mask, and
separating the light emitting element from the substrate.
[0024] In an embodiment, the light emitting layer may be
entirely surrounded by at least one of the first semiconductor
layer and the insulating pattern layer disposed around the
groove.

[0025] In an embodiment, the method may further include
forming an electrode layer on the insulating pattern layer
and the second semiconductor layer, before the forming of
the mask. The forming of the mask may include forming the
mask on the electrode layer overlapping the second semi-
conductor layer and the portion of the insulating pattern
layer.

[0026] Embodiments provide the light emitting element
including the first semiconductor layer including the groove
and the protrusion, the light emitting layer disposed in the
groove and having the shape corresponding to the groove,
the second semiconductor layer disposed on the light emit-
ting layer, and an insulating pattern layer disposed on the
protrusion and surrounding the second semiconductor layer.
In addition, embodiments provide the display device includ-
ing the light emitting element, and the method of manufac-
turing the light emitting element.

[0027] According to embodiments, the light emitting layer
may not be exposed in an etching process for individually
patterning the light emitting element on a growth substrate,
thereby preventing damage to the light emitting layer. In
addition, as the insulating pattern layer surrounds a side
surface of the second semiconductor layer, the first semi-
conductor layer and the second semiconductor layer may be
stably separated from each other by the light emitting layer
and the insulating pattern layer. Accordingly, a surface
defect of the light emitting element may be prevented,
thereby blocking a leakage current and increasing light
emission efficiency of the light emitting element.

[0028] In addition, according to embodiments, as the light
emitting layer has the shape corresponding to the groove, a
volume and a surface area of the light emitting layer may
increase. Accordingly, the light emission efficiency of the
light emitting element may be further increased.

[0029] Additionally, in manufacturing the light emitting
element according to embodiments, strain may be relieved
in at least a portion of the groove, and thus a content and/or
a composition ratio of a material (for example, indium (In))
that affects a color of light generated in the light emitting
layer may be readily adjusted. Accordingly, a light emitting
element of a desired color may be readily provided and/or
manufactured.

[0030] An effect according to the embodiments is not
limited by the contents illustrated above, and more various
effects are included in the specification.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The above and other features of the disclosure will
become more apparent by describing in further detail
embodiments thereof with reference to the accompanying
drawings, in which:

[0032] FIG. 1 is a schematic perspective view illustrating
a light emitting element according to an embodiment;
[0033] FIGS. 2 and 3 are schematic cross-sectional views
illustrating a light emitting element according to an embodi-
ment;
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[0034] FIGS. 4 to 12 are schematic cross-sectional views
each illustrating a light emitting element according to an
embodiment;

[0035] FIGS. 13 to 25 are schematic cross-sectional views
illustrating a method of manufacturing a light emitting
element according to an embodiment;

[0036] FIG. 26 is a schematic plan view illustrating a
display device according to an embodiment;

[0037] FIGS. 27 and 28 are schematic diagrams of equiva-
lent circuits of pixels, respectively, according to an embodi-
ment;

[0038] FIG. 29 is a schematic plan view illustrating a pixel
according to an embodiment;

[0039] FIG. 30 is a schematic cross-sectional view illus-
trating a display device according to an embodiment; and
[0040] FIG. 31 is a schematic enlarged cross-sectional
view of one area of a pixel shown in FIG. 30.

BRIEF DESCRIPTION OF THE EMBODIMENTS

[0041] In the following description, for the purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of various embodi-
ments or implementations of the invention. As used herein
“embodiments” and “implementations™ are interchangeable
words that are non-limiting examples of devices or methods
disclosed herein. It is apparent, however, that various
embodiments may be practiced without these specific details
or with one or more equivalent arrangements. Here, various
embodiments do not have to be exclusive nor limit the
disclosure. For example, specific shapes, configurations, and
characteristics of an embodiment may be used or imple-
mented in another embodiment.

[0042] Unless otherwise specified, the illustrated embodi-
ments are to be understood as providing features of the
invention. Therefore, unless otherwise specified, the fea-
tures, components, modules, layers, films, panels, regions,
and/or aspects, etc. (hereinafter individually or collectively
referred to as “elements”), of the various embodiments may
be otherwise combined, separated, interchanged, and/or
rearranged without departing from the inventive concepts.

[0043] The use of cross-hatching and/or shading in the
accompanying drawings is generally provided to clarify
boundaries between adjacent elements. As such, neither the
presence nor the absence of cross-hatching or shading
conveys or indicates any preference or requirement for
particular materials, material properties, dimensions, pro-
portions, commonalities between illustrated elements, and/
or any other characteristic, attribute, property, etc., of the
elements, unless specified. Further, in the accompanying
drawings, the size and relative sizes of elements may be
exaggerated for clarity and/or descriptive purposes. When
an embodiment may be implemented differently, a specific
process order may be performed differently from the
described order. For example, two consecutively described
processes may be performed substantially at the same time
or performed in an order opposite to the described order.
Also, like reference numerals denote like elements.

[0044] When an element, such as a layer, is referred to as
being “on,” “connected to,” or “coupled to”” another element
or layer, it may be directly on, connected to, or coupled to
the other element or layer or intervening elements or layers
may be present. When, however, an element or layer is
referred to as being “directly on,” “directly connected to,” or
“directly coupled to” another element or layer, there are no
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intervening elements or layers present. To this end, the term
“connected” may refer to physical, electrical, and/or fluid
connection, with or without intervening elements. Further,
the DR1-axis, the DR2-axis, and the DR3-axis are not
limited to three axes of a rectangular coordinate system,
such as the X, Y, and Z-axes, and may be interpreted in a
broader sense. For example, the DR1-axis, the DR2-axis,
and the DR3-axis may be perpendicular to one another, or
may represent different directions that are not perpendicular
to one another. Further, the X-axis, the Y-axis, and the Z-axis
are not limited to three axes of a rectangular coordinate
system, such as the x, y, and z axes, and may be interpreted
in a broader sense. For example, the X-axis, the Y-axis, and
the Z-axis may be perpendicular to one another, or may
represent different directions that are not perpendicular to
one another. For the purposes of this disclosure, “at least one
of X, Y, and Z” and “at least one selected from the group
consisting of X, Y, and Z” may be construed as X only, Y
only, Z only, or any combination of two or more of X, Y, and
Z, such as, for instance, XYZ, XYY, YZ, and ZZ. As used
herein, the term “and/or” includes any and all combinations
of one or more of the associated listed items.

[0045] Although the terms “first,” “second,” etc. may be
used herein to describe various types of elements, these
elements should not be limited by these terms. These terms
are used to distinguish one element from another element.
Thus, a first element discussed below could be termed a
second element without departing from the teachings of the
disclosure.

[0046] Spatially relative terms, such as “beneath,”
“below,” ‘“‘under,” “lower, above,” “upper,” “over,”
“higher,” “side” (e.g., as in “sidewall”), and the like, may be
used herein for descriptive purposes, and, thereby, to
describe one elements relationship to another element(s) as
illustrated in the drawings. Spatially relative terms are
intended to encompass different orientations of an apparatus
in use, operation, and/or manufacture in addition to the
orientation depicted in the drawings. For example, if the
apparatus in the drawings is turned over, elements described
as “below” or “beneath” other elements or features would
then be oriented “above” the other elements or features.
Thus, the term “below” can encompass both an orientation
of above and below. Furthermore, the apparatus may be
otherwise oriented (e.g., rotated 90 degrees or at other
orientations), and, as such, the spatially relative descriptors
used herein interpreted accordingly.

[0047] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. As used herein, the singular forms, “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. Moreover, the terms
“comprises,” “comprising,” “includes,” and/or “including,”
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof. It is also noted that, as used herein, the terms
“substantially,” “about,” and other similar terms, are used as
terms of approximation and not as terms of degree, and, as
such, are utilized to account for inherent deviations in
measured, calculated, and/or provided values that would be
recognized by one of ordinary skill in the art.

% <

Sep. 7, 2023

[0048] Various embodiments are described herein with
reference to sectional and/or exploded illustrations that are
schematic illustrations of embodiments and/or intermediate
structures. As such, variations from the shapes of the illus-
trations as a result, for example, of manufacturing tech-
niques and/or tolerances, are to be expected. Thus, embodi-
ments disclosed herein should not necessarily be construed
as limited to the particular illustrated shapes of regions, but
are to include deviations in shapes that result from, for
instance, manufacturing. In this manner, regions illustrated
in the drawings may be schematic in nature and the shapes
of these regions may not reflect actual shapes of regions of
a device and, as such, are not necessarily intended to be
limiting.

[0049] The disclosure may be modified in various ways
and may have various forms, and specific embodiments will
be illustrated in the drawings and described in detail herein.
In the following description, the singular forms also include
the plural forms unless the context clearly includes the
singular.

[0050] FIG. 1 is a schematic perspective view illustrating
a light emitting element LD according to an embodiment.
FIGS. 2 and 3 are schematic cross-sectional views illustrat-
ing a light emitting element LD according to an embodi-
ment. For example, FIG. 2 illustrates a vertical section of the
light emitting element LD, taken along line I-I' of FIG. 1,
and FIG. 3 illustrates a cross section of the light emitting
element LD corresponding to a portion where a second
semiconductor layer SCL2 of FIG. 2 is disposed.

[0051] Referring to FIGS. 1 to 3, the light emitting ele-
ment LD may include a first semiconductor layer SCL1, a
light emitting layer EML, and the second semiconductor
layer SCL2 sequentially disposed along a direction (for
example, a length direction), and an insulating pattern layer
INP overlapping a portion of the first semiconductor layer
SCL1 and surrounding the second semiconductor layer
SCL2. In an embodiment, the light emitting element LD
may further include an insulating film INF surrounding an
outer circumferential surface (for example, a side surface) of
a light emitting stack including the first semiconductor layer
SCL1, the light emitting layer EML, the second semicon-
ductor layer SCL2, and the insulating pattern layer INP.
[0052] In an embodiment, the light emitting element LD
may further include at least another semiconductor layer
and/or at least one electrode layer. For example, the light
emitting element LD may further include an electrode layer
ETL disposed on a first end EP1 of the light emitting element
LD to be disposed on the second semiconductor layer SCL.2
and the insulating pattern layer INP. In the light emitting
element LD including the electrode layer ETL, the insulat-
ing film INF may or may not at least partially surround an
outer peripheral surface (for example, a side surface) of the
electrode layer ETL. For example, according to an embodi-
ment, the light emitting element LD may further include
another electrode layer disposed around the first semicon-
ductor layer SCL1. For example, the light emitting element
LD may further include another electrode layer disposed on
the second end EP2.

[0053] The light emitting element LD may be formed in a
rod shape extending in a direction, and may have the first
end EP1 and the second end EP2 at both ends (e.g., opposite
ends) in a length direction (or a thickness direction). The first
end EP1 may include a top surface (or an upper surface)
and/or a peripheral area (or side surface) of the light emitting



US 2023/0282771 Al

element LD, and the second end EP2 may include a bottom
surface (or a lower surface) and/or a peripheral area (or side
surface) of the light emitting element LD.

[0054] In describing an embodiment, the rod shape may
include various types of rod-like shape or bar-like shape,
including a cylindrical shape, a polygonal column shape, or
the like, a shape of a cross section thereof is not limited
thereto. A length L of the light emitting element LD having
the rod shape may be greater than a diameter D (or a width
of a cross section) thereof. For example, the shape of the
light emitting element LD may be variously changed or
modified.

[0055] The first semiconductor layer SCL1, the light emit-
ting layer EML, the second semiconductor layer SCL.2, and
the electrode layer ETL may be sequentially disposed in a
direction from the second end EP2 to the first end EP1 of the
light emitting element LD. For example, the electrode layer
ETL and/or the second semiconductor layer SCL2 may be
disposed at the first end EP1 of the light emitting element
LD, and the first semiconductor layer SCL1 and/or at least
another electrode layer connected (e.g., electrically con-
nected) to the first semiconductor layer SCL1 may be
disposed at the second end EP2 of the light emitting element
LD.

[0056] The light emitting layer EML may be disposed
between the first semiconductor layer SCL.1 and the second
semiconductor layer SCL2. The insulating pattern layer INP
may be disposed on a portion of the first semiconductor layer
SCL1 and may at least partially surround a side surface of
the second semiconductor layer SCL2.

[0057] In an embodiment, the first semiconductor layer
SCL1 may include a groove GRV and a protrusion PRT. For
example, the groove GRV may be recessed toward the lower
surface of the light emitting element [.D, and the protrusion
PRT may be protruded toward the upper surface of the light
emitting element LD. The light emitting layer EML may be
disposed in the groove GRV (or on the groove GRV) of the
first semiconductor layer SCL1, and the insulating pattern
layer INP may be disposed on the protrusion PRT of the first
semiconductor layer SCL1 (e.g., in the length direction). In
an embodiment, a portion of the second semiconductor layer
SCL2 may be disposed in the groove GRV together with the
light emitting layer EML.

[0058] The first semiconductor layer SCL1 may include a
first conductivity type semiconductor layer including a first
conductivity type dopant. For example, the first semicon-
ductor layer SCL1 may be an N-type semiconductor layer
doped with an N-type dopant.

[0059] In an embodiment, the first semiconductor layer
SCL1 may include a nitride-based semiconductor material
or a phosphide-based semiconductor material. For example,
the first semiconductor layer SCLL1 may include a nitride-
based semiconductor material including at least one of GaN,
AlGaN, InGaN, AllnGaN, AIN, and InN, or may include a
phosphide-based semiconductor material including at least
one of GaP, GalnP, AlGaP, AlGalnP, AlP, and InP. In an
embodiment, the first semiconductor layer SCL1 may
include an N-type dopant such as Si, Ge, or Sn. A material
of the first semiconductor layer SCL1 is not limited thereto,
and the first semiconductor layer SCL1 may be formed of
various other materials.

[0060] The first semiconductor layer SCL.1 may include
the groove GRV and the protrusion PRT around (or sur-
rounding) the groove GRV. For example, the first semicon-
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ductor layer SCL1 may include the groove GRV and the
protrusion PRT on a first surface (for example, an upper
surface) adjacent to the light emitting layer EML and the
second semiconductor layer SCL2. Accordingly, the first
semiconductor layer SCL.1 may have a surface that is not flat
on the first surface.

[0061] On the cross section of the light emitting element
LD, the groove GRV may be disposed in a first area (or a first
portion) AR1 of a position corresponding to a central area
(or a central portion) of the first semiconductor layer SCL1,
and the protrusion PRT may be disposed in a second area (or
a second portion) AR2 of a position corresponding to an
edge area of the first semiconductor layer SCL1. In an
embodiment, on the cross section (or a plan view) of the
light emitting element LD, the second area AR2 may sur-
round (e.g., completely or entirely surround) the first area
ARI1, and the protrusion PRT may surround (e.g., com-
pletely or entirely surround) the groove GRV.

[0062] In an embodiment, the groove GRV may include a
first surface S1 corresponding to a bottom surface and a
second surface S2 corresponding to a sidewall. In an
embodiment, the first surface S1 of the groove GRV may be
substantially parallel to a second surface (for example, a
bottom surface) of the first semiconductor layer SCL.1 and
may be substantially flat. The second surface S2 of the
groove GRV may protrude in a height direction (for
example, the length or thickness direction of the light
emitting element L.D) from the first surface S1 of the groove
GRV.

[0063] In an embodiment, the second surface S2 of the
groove GRV may include an inclined surface inclined at an
angle of less than 90 degrees with respect to the first surface
S1. For example, the light emitting layer EML may be
smoothly formed (for example, epitaxially grown) also on
the second surface S2 of the groove GRV. For example, on
a substrate (e.g., a growth substrate) on which the first
semiconductor layer SCL.1 is grown, strain may be allevi-
ated on the second surface S2 of the groove GRV compared
to the first surface S1 corresponding to a C-plane, and thus
a content and/or a composition ratio of a specific material,
for example, indium (In), included in the light emitting layer
EML in a formation process of the light emitting layer EML
may be readily controlled. For example, on the second
surface S2, a color shift phenomenon according to a quan-
tum-confined stark effect (QCSE) that may occur on the first
surface S1 may not occur. Accordingly, a color of light
generated in the light emitting layer EML may be readily
controlled, and a light emitting element LD of a desired
color may be provided and/or manufactured.

[0064] The light emitting layer EML (also referred to as an
“active layer”) may include a single or multiple quantum
well (QW) structure. In case that a voltage equal to or greater
than a threshold voltage is applied to both ends (e.g.,
opposite ends) of the light emitting element LD, light may
be emitted in case that an electron-hole pair is recombined
in the light emitting layer EML. In case that an electric
signal is applied to the light emitting layer EML through the
first semiconductor layer SCL.1 and the second semiconduc-
tor layer SCL2, light of a specific color and a wavelength
band corresponding thereto may be emitted in case that the
electron-hole pair is recombined in the light emitting layer
EML.

[0065] In an embodiment, the light emitting layer EML
may emit light of a visible light wavelength band, for
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example, light having a wavelength of about 400 nm to
about 900 nm. For example, the light emitting layer EML
may emit blue light having a wavelength of a range of about
450 nm to about 480 nm, green light having a wavelength of
a range of about 480 nm to about 560 nm, or red light having
a wavelength of a range of about 620 nm to about 750 nm.
For example, the color and/or the wavelength band of the
light generated in the light emitting layer EML may be
changed or modified.

[0066] In an embodiment, the light emitting layer EML
may include a nitride-based semiconductor material or a
phosphide-based semiconductor material. For example, the
light emitting layer EML may include a nitride-based semi-
conductor material including at least one of GaN, AlGaN,
InGaN, InGaAlIN, AIN, InN, and AllnN, or may include a
phosphide-based semiconductor material including at least
one of GaP, GalnP, AlGaP, AlGalnP, AP, and InP. A material
of'the light emitting layer EML is not limited thereto, and the
light emitting layer EML. may be formed of various other
materials.

[0067] In an embodiment, the light emitting layer EML
may generate light of a color (or a wavelength) correspond-
ing to a content and/or a composition ratio of at least one of
the materials included in the light emitting layer EML. For
example, the light emitting layer EML may be formed as
multiple layers having a structure in which a GaN layer and
an InGaN layer are alternately stacked each other and/or
repeatedly stacked, and may emit light of a specific color (or
a wavelength band corresponding thereto) according to a
content and/or a composition ratio of indium (In) included in
the InGaN layer. For example, as the content and/or the
composition ratio of indium (In) increases, the light emitting
layer EML may emit light of a longer wavelength band.
Therefore, the light emitting element LD of a desired (or
specific) color may be manufactured by adjusting the con-
tent and/or the composition ratio of indium (In) included in
the light emitting layer EML.

[0068] The light emitting layer EML may be disposed on
the first semiconductor layer SCL1 to be positioned (or
filled) in the groove GRV. In an embodiment, the light
emitting layer EML may be surrounded (e.g., completely or
entirely surrounded) by the first semiconductor layer SCL.1
and/or the insulating pattern layer INP in the cross-section
(or the plan view) of the light emitting element LD. For
example, the light emitting layer EML may be disposed at a
height equal to or less than a maximum height of the groove
GRV with respect to the bottom surface of the first semi-
conductor layer SCL1, and may be disposed inside the
groove GRV of the first semiconductor layer SCL1 so as to
be surrounded (e.g., completely or entirely surrounded) by
the protrusion PRT of the first semiconductor layer SCL1.

[0069] In a manufacturing process of the light emitting
element LD (e.g., in an etching process for patterning the
light emitting element LD in the rod shape), the light
emitting layer EML may be surrounded by the first semi-
conductor layer SCL1, the insulating pattern layer INP,
and/or, and may not be exposed to the outside. Accordingly,
damage to the light emitting layer EML may be prevented,
and a surface defect of the light emitting element LD may be
prevented or reduced. Accordingly, a leakage current due to
the surface defect or the like of the light emitting element
LD may be blocked or reduced, and light emission efficiency
of the light emitting element LD may be increased.

Sep. 7, 2023

[0070] The light emitting layer EML may have a shape
corresponding to (or overlapping) the groove GRV. For
example, the light emitting layer EML may continuously
extend along the first and second surfaces S1 and S2 of the
groove GRV. For example, the light emitting layer EML may
be recessed along the groove GRV. For example, a portion
of the light emitting layer EML may be disposed on the first
surface S1 of the groove GRV to have a surface profile
corresponding to the first surface S1, and another portion of
the light emitting layer EML may be disposed on the second
surface S2 of the groove GRV to have a surface profile
corresponding to the second surface S2. For example, the
light emitting layer EML. may have a three-dimensional
shape that is not flat. For example, the light emitting layer
EML may be recessed corresponding to a shape of the
groove GRV. It is assumed that the size of an area in which
the light emitting layer EML. is formed (for example, the size
of a first area AR1 in which the groove GRV is formed) and
a thickness condition of the light emitting layer EML are the
same (or maintained) in a plan view, a volume and a surface
area of the light emitting layer EML, which is formed inside
of the groove GRV and has a shape that is not flat (for
example, a three-dimensional shape), may be increased
compared to a case where the light emitting layer EML has
a flat shape (for example, a two-dimensional shape). Accord-
ingly, the electron-hole pair recombined in the light emitting
layer EML. may increase, and a light emission amount of
and/or light emission efficiency of the light emitting element
LD may increase. For example, as the light emitting layer
EML has a three-dimensional shape corresponding to the
groove GRYV, the light emission amount and/or the light
emission efficiency of the light emitting element LD may
increase.

[0071] The second semiconductor layer SCL2 may be
disposed on the light emitting layer EML. In an embodi-
ment, a portion of the second semiconductor layer SCL.2
may be disposed in the groove GRV together with the light
emitting layer EML, and another portion of the second
semiconductor layer SCL2 may protrude above the groove
GRV. A shape and/or a size of the second semiconductor
layer SCL2 may be variously changed or modified.

[0072] The second semiconductor layer SCL2 may
include a second conductivity type semiconductor layer
including a second conductivity type dopant. For example,
the second semiconductor layer SCL2 may be a P-type
semiconductor layer doped with a P-type dopant.

[0073] Inanembodiment, the second semiconductor layer
SCL2 may include a nitride-based semiconductor material
or a phosphide-based semiconductor material. For example,
the second semiconductor layer SCL.2 may include a nitride-
based semiconductor material including at least one of GaN,
AlGaN, InGaN, AllnGaN, AIN, and InN, or may include a
phosphide-based semiconductor material including at least
one of GaP, GalnP, AlGaP, AlGalnP, AIP, and InP. In an
embodiment, the second semiconductor layer SCL2 may
include a P-type dopant such as Mg. A material of the second
semiconductor layer SCL2 is not limited thereto, and the
second semiconductor layer SCL2 may be formed of various
other materials.

[0074] In an embodiment, the first semiconductor layer
SCL1 and the second semiconductor layer SCL2 may
include the same semiconductor material, and may include
dopants of different conductivity types. In another example,
the first semiconductor layer SCLL1 and the second semi-
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conductor layer SCL2 may include different semiconductor
materials and may include dopants of different conductivity

types.

[0075] In an embodiment, the first semiconductor layer
SCL1 and the second semiconductor layer SCL2 may have
different lengths (or thicknesses) in the length direction of
the light emitting element LD. For example, the first semi-
conductor layer SCLL1 may have a length longer (or a
thickness thicker) than that of the second semiconductor
layer SCL2 in the length direction of the light emitting
element L.D. Accordingly, the light emitting layer EML may
be positioned closer to the first end EP1 (for example, the
P-type end) than the second end EP2 (for example, an
N-type end).

[0076] The insulating pattern layer INP may be disposed
on the first semiconductor layer SCL1 to be positioned on
the protrusion PRT of the first semiconductor layer SCIL1,
and may surround the second semiconductor layer SCL2.
For example, the insulating pattern layer INP may surround
(e.g., completely or entirely surround) the second semicon-
ductor layer SCL2 in the cross section of the light emitting
element LD corresponding to an area (or a portion) in which
the second semiconductor layer SCL2 and the insulating
pattern layer INP are disposed. In an embodiment, the
second semiconductor layer SCL2 may be disposed on the
light emitting layer EML to overlap the light emitting layer
EML, and thus the insulating pattern layer INP may sur-
round (e.g., completely or entirely surround) the light emit-
ting layer EML and the second semiconductor layer SCL2 in
a plan view.

[0077] In an embodiment, the insulating pattern layer INP
and the second semiconductor layer SCL2 may be formed at
the same height. For example, the second semiconductor
layer SCL2 and the insulating pattern layer INP may have
the same height with respect to the bottom surface (for
example, the bottom surface of the first semiconductor layer
SCL1 positioned at the second end EP2 of the light emitting
element [LD) of the first semiconductor layer SCL1. For
example, the highest height of the second semiconductor
layer SCL.2 and the highest height of the insulating pattern
layer INP with respect to the bottom surface of the first
semiconductor layer SCL.1 may be substantially the same.
An interface between the second semiconductor layer SCL.2
and the insulating pattern layer INP, and the electrode layer
ETL thereon may be substantially flat. For example, the
electrode layer ETL may be readily patterned, and the
electrode layer ETL may be formed to be substantially flat.
For example, the light emitting element [.LD may have a flat
surface at the first end EP1 thereof. For example, the light
emitting element LD may have a flat surface at both of the
first end EP1 and the second end EP2. For example, a
contact process or the like for electrically connecting the
light emitting element LD to another electrode, line, ele-
ment, and/or the like may be performed more readily and/or
stably.

[0078] The insulating pattern layer INP may include at
least one organic insulating material and/or at least one
inorganic insulating material, and may be formed as a single
layer or multiple layers. For example, although the insulat-
ing pattern layer INP is shown as a single layer in FIG. 2, the
insulating pattern layer INP may be formed as multiple
layers of double or more layers including at least two
insulating layers overlapping each other according to an
embodiment.
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[0079] In an embodiment, the insulating pattern layer INP
may include a heat-resistant inorganic insulating material
capable of withstanding a high-temperature process (for
example, an MOCVD process or the like) that may be
performed after formation of the insulating pattern layer
INP. For example, the insulating pattern layer INP may be
formed of at least one inorganic insulating material among
silicon oxide (SiO,) (for example, SiO,), silicon nitride
(SiN,) (for example, Si;N,), and aluminum oxide (AL,O,)
(for example, Al,O;), or various other insulating materials.
In an embodiment, in case that the insulating pattern layer
INP is formed as multiple layers of double layers or triple or
more layers including at least two insulating layers, insu-
lating layers including the at least one inorganic insulating
material and/or at least another insulating material may be
formed as double layers or triple or more layers.

[0080] The electrode layer ETL may be disposed on the
second semiconductor layer SCI.2 and the insulating pattern
layer INP. The electrode layer ETL may be an electrode for
protecting the second semiconductor layer SCL2 and for
smoothly connecting the second semiconductor layer SCL2
to an electrode or line (e.g., a predetermined electrode or
line). For example, the electrode layer ETT. may be an ohmic
contact electrode or a Schottky contact electrode.

[0081] In an embodiment, the electrode layer ETL. may
include a metal or a metal oxide. For example, the electrode
layer ETL may be formed of a metal such as chromium (Cr),
titanium (T1), aluminum (Al), gold (Au), nickel (Ni), or
copper (Cu), an oxide or an alloy thereof, a transparent
conductive material such as indium tin oxide (ITO), indium
zine oxide (IZO), indium tin zinc oxide (ITZO), zinc oxide
(ZnO), or indium oxide (In,0;), and the like alone or in
combination. A material of the electrode layer ETL is not
limited thereto, and the electrode layer ETL may be formed
of various other materials.

[0082] Inan embodiment, the electrode layer ETL may be
substantially transparent. Accordingly, light generated from
the light emitting element LD may pass through the elec-
trode layer ETL and may be emitted from the first end EP1
of the light emitting element L.D.

[0083] The insulating film INF may be disposed on a
surface of the light emitting element LD to surround the
outer circumferential surface (for example, the side surface)
of the light emitting stack including the first semiconductor
layer SCL1, the light emitting layer EMIL, the second
semiconductor layer SCL2, the insulating pattern layer INP,
and/or the electrode layer ETL.

[0084] The insulating film INF may expose the electrode
layer ETL (or the second semiconductor layer SCL.2) and the
first semiconductor layer SCL1 (or another electrode layer
disposed at the second end EP2 of the light emitting element
LD), respectively, at the first end EP1 and the second end
EP2 of the light emitting element LD. For example, the
insulating film INF may not be disposed on two lower
surfaces corresponding to the first end EP1 and the second
end EP2 of the light emitting element LD.

[0085] In case that the insulating film INF is disposed on
the surface of the light emitting element LD, a short circuit
defect through the light emitting element LD may be pre-
vented. Accordingly, electrical stability of the light emitting
element LD may be secured. In case that the insulating film
INF is disposed on the surface of the light emitting element
LD, a surface defect of the light emitting element LD may
be minimized to improve lifespan and efficiency.
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[0086] The insulating film INF may include a transparent
insulating material. Accordingly, light generated in the light
emitting layer EML. may be emitted to the outside of the
light emitting element LD through the insulating film INF.
For example, the insulating film INF may include at least
one insulating material among silicon oxide (SiO,) (for
example, Si0,), silicon nitride (SiN,) (for example, Si;N,),
aluminum oxide (ALO,) (for example, Al,O;), titanium
oxide (T1,0,) (for example, TiO,), and hafnium oxide
(HfOx). A material of the insulating film INF is not limited
thereto, and the insulating film INF may be formed of
various other materials.

[0087] The insulating film INF may be formed as a single
layer or multiple layers. For example, the insulating film
INF may be formed as a single layer or double or more
layers. In an embodiment, in case that the insulating film
INF is formed as the multiple layers of the double or more
layers including at least two insulating layers, the insulating
layers including at least one insulating material and/or at
least another insulating material may be formed layer by
layer as double layers or triple or more layers.

[0088] In an embodiment, the insulating film INF may be
partially etched (or removed) in an area (or a portion)
corresponding to at least one of the first end EP1 and the
second end EP2 of the light emitting element LD. For
example, the insulating film INF may be etched to have a
round shape at the first end EP1, but a shape of the insulating
film INF is not limited thereto.

[0089] In an embodiment, the light emitting element LD
may be manufactured through a surface treatment process.
For example, by performing surface treatment on the light
emitting elements LD by using a hydrophobic material, in
case that the light emitting elements LD are mixed with a
fluid solution (hereinafter referred to as a “light emitting
element mixture liquid” or a “light emitting element ink™)
and supplied to each emission area (for example, an emis-
sion area of the pixel), the light emitting elements LD may
be uniformly dispersed in the light emitting element mixture
liquid.

[0090] In an embodiment, the light emitting element LD
may have a small size of a range of a nanometer (nm) to
micrometer (m). For example, each light emitting element
LD may have a diameter D (or a width of a cross-section)
and/or a length L of a range of a nanometer to a micrometer.
For example, the light emitting element LD may have a
diameter D and/or a length L of a range of approximately
several tens of nanometers to several tens of micrometers.
However, a size of the light emitting element LD may be
changed or varied.

[0091] A structure, a shape, a size, and/or a type of the
light emitting element LD may be changed or modified. For
example, the light emitting element LD may be formed in
another structure and/or shape, such as a core-shell structure.
For example, the structure, the shape, the size, and/or the
type of the light emitting element LD may be variously
changed or modified according to a design condition of a
light emitting device using the light emitting element LD or
a light emitting characteristic to be secured.

[0092] The light emitting element including the light emit-
ting element LD may be used in various types of devices
requiring a light source. For example, the light emitting
elements LD may be disposed in the pixel of the display
device, and the light emitting elements LD may be used as
a light source of the pixel. The light emitting element LD
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may also be used in another type of device that requires a
light source, such as a lighting device.

[0093] As described above, the light emitting element LD
may include the first semiconductor layer SCL1 including
the groove GRV and the protrusion PRT, the light emitting
layer EML disposed in the groove GRV and having a shape
corresponding to the groove GRY, the second semiconductor
layer SCL2 disposed on the light emitting layer EML, and
the insulating pattern layer INP disposed on the protrusion
PRT and surrounding the second semiconductor layer SCL2.
Accordingly, the light emitting element LD may have high
reliability and high light emission efficiency.

[0094] For example, in the etching process for individu-
ally patterning each light emitting element LD on the
substrate, the light emitting layer EML. may be surround
(e.g., completely or entirely surrounded) by the protrusion
PRT of the first semiconductor layer SCL1 and/or the
insulating pattern layer INP, and thus the light emitting layer
EML may be prevented from being damaged in the etching
process. For example, the first semiconductor layer SCL1
and the second semiconductor layer SCL2 may be stably
separated from each other by the light emitting layer EML
and the insulating pattern layer INP. For example, the first
semiconductor layer SCL1 and the second semiconductor
layer SCL.2 may be separated from each other by at least one
of the light emitting layer EML and the insulating pattern
layer INP interposed therebetween. Accordingly, a PN junc-
tion may be prevented from occurring between the first
semiconductor layer SCL1 and the second semiconductor
layer SCL2. Therefore, as described above, a surface defect
of the light emitting element LD may be prevented, thereby
blocking or reducing a leakage current and increasing the
light emission of the light emitting element LD.

[0095] For example, as the light emitting layer EML has
the shape corresponding to the groove GRYV, the volume and
the surface area of the light emitting layer EML may
increase. Accordingly, the light emission efficiency of the
light emitting element LD may be further increased.

[0096] In manufacturing the light emitting element LD, as
strain is relieved in at least a portion (for example, the
second surface S2) of the groove GRYV, the content and/or the
composition ratio of the material (for example, indium (In))
affecting (or determining) the color of the light generated in
the light emitting layer EML may be readily adjusted. For
example, a color shift phenomenon according to QCSE may
not occur in at least a portion (for example, the second
surface S2) of the groove GRV. Accordingly, the light
emitting element LD that emits light of a more uniform and
clear color may be provided and/or manufactured.

[0097] The shape of the groove GRV and the light emitting
layer EML may be variously changed or modified. As the
embodiments of FIGS. 4 to 10, the light emitting element
LD may include the groove GRV and the light emitting layer
EML of various shapes. For example, the number of grooves
GRV formed in the light emitting element LD may be
variously changed or modified. As the embodiments of
FIGS. 11 and 12, the light emitting element LD may include
two or more grooves GRV. The shape, size, number, and/or
the like of the groove(s) GRV may be variously changed or
modified. The light emitting element LD may have a light
emitting characteristic corresponding to the shape, size,
number, and/or the like of the groove(s) GRV and the light
emitting layer EML.
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[0098] FIGS. 4 to 12 are schematic cross-sectional views
each illustrating a light emitting element according to an
embodiment. For example, FIGS. 4 to 12 illustrate different
modified examples of the embodiment of FIG. 2 correspond-
ing to a cross section of the light emitting element LD, taken
along line I-I' of FIG. 1. In describing the embodiments of
FIGS. 4 to 12, the same reference numerals are given to
configurations similar to or identical to those of the above-
described embodiment, and a redundant description is omit-
ted for descriptive convenience.

[0099] Referring to FIG. 4, the second semiconductor
layer SCL2 may be formed to have a height higher than that
of the insulating pattern layer INP. For example, the second
semiconductor layer SCL2 may have a height equal to or
greater than a maximum height of the insulating pattern
layer INP with respect to the bottom surface of the first
semiconductor layer SCL1. In an embodiment, a portion (for
example, an edge area in a cross section) of the second
semiconductor layer SCL2 may be disposed on the insulat-
ing pattern layer INP to overlap the insulating pattern layer
INP. For example, a surface (for example, an upper surface)
of the second semiconductor layer SCL.2 may be substan-
tially flat. Accordingly, an interface (or a boundary surface)
between the second semiconductor layer SCL2 and the
electrode layer ETL may be substantially flat. For example,
the electrode layer ETL may be readily patterned.

[0100] The insulating pattern layer INP may surround
(e.g., completely surround) a remaining portion of the sec-
ond semiconductor layer SCL2. For example, the insulating
pattern layer INP may surround (e.g., completely or entirely
surround) a portion of the second semiconductor layer SCL2
positioned at the same height as the insulating pattern layer
INP. Accordingly, direct bonding (or direct contact) of the
first semiconductor layer SCL.1 and the second semiconduc-
tor layer SCL2 may be prevented.

[0101] Referring to FIG. 5, the second surface S2 of the
groove GRV may be substantially perpendicular to the first
surface S1. For example, the groove GRV may have the
second surface S2 extending vertically from the first surface
S1 corresponding to a bottom surface. The second surface
S2 may form a vertical sidewall of the groove GRV. For
example, the second surface S2 of the groove GRV may be
substantially perpendicular to the bottom surface of the first
semiconductor layer SCL1.

[0102] Referring to FIG. 6, the groove GRV may have a
cross section of a V-shape. For example, the groove GRV
may not include a bottom surface substantially, and the
sidewall (for example, the second surface S2) of the groove
GRV may be formed as an inclined surface inclined at an
angle of less than 90 degrees with respect to the bottom
surface of the first semiconductor layer SCL1.

[0103] Referring to FIGS. 7 to 9, the groove GRV may
include a curved surface in at least one portion. For example,
as illustrated in FIG. 7, the groove GRV may have a curved
shape in the entire area. In another example, the groove GRV
may include the first surface S1 corresponding to the bottom
surface and the second surface S2 corresponding to the
sidewall, and at least one of the first surface S1 and the
second surface S2 may include a curved surface. For
example, only the first surface S1 of the groove GRV may
have a curved shape as illustrated in FIG. 8, or only the
second surface S2 of the groove GRV may have a curved
shape as illustrated in FIG. 9. In another example, both of the
first surface S1 and the second surface S2 of the groove GRV
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may include curved surfaces, and the first surface S1 and the
second surface S2 may include curved surfaces of different
shapes and/or curvatures.

[0104] The groove GRV may have a shape to which any
one of the above-described embodiments is applied alone, or
may have a shape to which at least two of the above-
described embodiments are applied in combination. For
example, the shape of the groove GRV may be variously
changed or modified.

[0105] Referring to FIG. 10, the light emitting element LD
may further include at least one semiconductor layer dis-
posed on and/or under the light emitting layer EML. For
example, the light emitting element LD may include at least
one of a third semiconductor layer SCL3 disposed between
the first semiconductor layer SCL1 and the light emitting
layer EML, and a fourth semiconductor layers SCI.4 dis-
posed between the light emitting layer EML and the second
semiconductor layer SCL2.

[0106] In an embodiment, the third semiconductor layer
SCL3 may include a superlattice layer or a clad layer for
alleviating (or reducing) strain generated between the first
semiconductor layer SCL1 and the light emitting layer
EML. In an embodiment, the third semiconductor layer
SCL3 may include a nitride-based semiconductor material
or a phosphide-based semiconductor material. For example,
the third semiconductor layer SCL.3 may include at least one
nitride-based semiconductor material including GaN,
InGaN, AlGaN, InAlGaN, or the like, or at least one
phosphide-based semiconductor material including AllnP or
the like. In an embodiment, the third semiconductor layer
SCL3 may include a dopant (for example, an N-type dopant
such as Si, Ge, or Sn).

[0107] In an embodiment, the fourth semiconductor layer
SCL4 may include an electron blocking layer or clad layer
for suppressing or blocking overtlow of an electron that may
occur between the light emitting layer EML and the second
semiconductor layer SCL2. In an embodiment, the fourth
semiconductor layer SCL4 may include a nitride-based
semiconductor material or a phosphide-based semiconduc-
tor material. For example, the fourth semiconductor layer
SCL4 may include at least one nitride-based semiconductor
material including GaN, InGaN, AlGaN, InAlGaN, or the
like, or at least one phosphide-based semiconductor material
including AllnP or the like. In an embodiment, the fourth
semiconductor layer SCL4 may include a dopant (for
example, a P-type dopant such as Mg).

[0108] Referring to FIGS. 11 and 12, the light emitting
element LD may include two or more grooves GRV. FIGS.
11 and 12 illustrate embodiments in which the light emitting
element LD includes two grooves GRV based on a direction
(for example, a horizontal direction), the number of grooves
GRYV included in the light emitting element LD may be
changed or modified. For example, FIGS. 11 and 12 illus-
trate embodiments in which each groove GRV has a shape
substantially identical to or similar to the groove GRV
according to the embodiment of FIG. 2, the embodiments
are not limited thereto. For example, the shape and/or size of
each groove GRV may be changed or modified. For
example, the light emitting element LD may include grooves
GRYV of substantially the same shape and/or size, or grooves
GRV of different shapes and/or sizes.

[0109] The grooves GRV may be formed to contact or
connect to (e.g., directly contact or directly connect to) each
other, or may be formed to be separated from each other. In
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an embodiment, the first semiconductor layer SCL.1 may
include a first protrusion PRT1 disposed in an edge area to
overlap the insulating pattern layer INP and a second pro-
trusion PRT?2 disposed inside to be positioned between the
grooves GRV. The first protrusion PRT1 and the second
protrusion PRT2 may be separated from each other or may
be integral with each other. For example, in a plan view, the
second protrusion PRT2 may extend to an edge area of the
first semiconductor layer SCL1 to meet the first protrusion
PRT1 or may be formed only in an inner area of the first
semiconductor layer SCL1. For example, the first semicon-
ductor layer SCL1 may include a protrusion PRT including
a portion corresponding to the first protrusion PRT1 and
another portion corresponding to the second protrusion
PRT2, or may include two or more protrusions PRT includ-
ing the first protrusion PRT1 and the second protrusion
PRT2.

[0110] In an embodiment, the insulating pattern layer INP
may be disposed on the first protrusion PRT1, and the
insulating pattern layer INP may not be disposed on the
second protrusion PRT2. For example, the insulating pattern
layer INP may be disposed only on the edge area of the first
semiconductor layer SCL1 to overlap the first protrusion
PRT1. However, embodiments are not limited thereto. For
example, in another example, the insulating pattern layer
INP may also be disposed on at least a portion of the second
protrusion PRT2.

[0111] In an embodiment, the first protrusion PRT1 and
the second protrusion PRT2 may be formed at the same
height as illustrated in FIG. 11. For example, the first
protrusion PRT1 and the second protrusion PRT2 may be
disposed at the same height from a bottom surface corre-
sponding to the second end EP2 of the light emitting element
LD.

[0112] In an embodiment, the first protrusion PRT1 and
the second protrusion PRT2 may be at different heights as
illustrated in FIG. 12. For example, the first protrusion PRT1
and the second protrusion PRT2 may be disposed at different
heights from the bottom surface corresponding to the second
end EP2 of the light emitting element LD. FIG. 12 illustrates
an embodiment in which the second protrusion PRT2 is
formed at a height lower than that of the first protrusion
PRT1, but embodiments are not limited thereto.

[0113] According to the embodiments of FIGS. 4 to 12,
the light emitting layer EML may be disposed inside the
groove GRV, and the insulating pattern layer INP may be
disposed to surround the second semiconductor layer SCL.2
on the protrusion PRT (or the first protrusion PRT1) as
illustrated in FIG. 2. Accordingly, a surface defect of the
light emitting element LD may be prevented, and light
emission efficiency may be increased.

[0114] For example, in at least some of the embodiments
of FIGS. 4 to 12, the groove GRV may have a sidewall
having an inclination of less than 90 degrees or having a
curved surface. Accordingly, the light emitting layer EML
may be smoothly formed (for example, epitaxially grown)
also on the sidewall of the groove GRV, and the content
and/or the composition ratio of indium (In) or the like may
be readily adjusted, and the color shift phenomenon accord-
ing to the QCSE may be prevented or reduced. Accordingly,
the light emitting element LD of a desired (or specific) color
may be readily provided or manufactured.

[0115] For example, in case that the groove GRV entirely
has a curved shape as illustrated in FIG. 7, a material such
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as indium (In) may be more uniformly distributed in the
entire area of the light emitting layer EML, and the color
shift phenomenon according to the QCSE may be prevented.
Accordingly, the light emitting element LD that emits light
of' a more uniform and clear color may be provided and/or
manufactured.

[0116] FIGS. 13 to 25 are schematic cross-sectional views
illustrating a method of manufacturing a light emitting
element LD according to an embodiment. For example,
FIGS. 13 to 25 sequentially illustrate a method of manufac-
turing the light emitting element LD according to the
embodiment of FIGS. 1 to 3. The light emitting element LD
according to the embodiments of FIGS. 4 to 12 may be
manufactured through a manufacturing method substantially
identical to or similar to that of the light emitting element
LD according to the embodiment of FIGS. 1 to 3. FIGS. 13
to 25 illustrate an embodiment in which light emitting
elements LD are manufactured on a substrate SB.

[0117] Referring to FIGS. 1 to 13, first the substrate SB
(also referred to as a “growth substrate” or a “manufacturing
substrate”) may be prepared or provided. In an embodiment,
the buffer layer BF may be formed on the substrate SB.
[0118] The substrate SB may be a manufacturing sub-
strate, a wafer, or the like suitable for an epitaxial growth
process (or epitaxy) of a semiconductor. For example, the
substrate SB may be a substrate including a material of
silicon (Si), sapphire, SiC, GaN, GaAs, ZnO, or the like. For
example, the substrate SB may be a substrate of various
types and/or materials. In case that selectivity (or selection
ratio) for manufacturing the light emitting element LD is
satisfied and an epitaxial growth process may be smoothly
performed, the type or the material of the substrate SB is not
limited thereto. After the substrate SB is used as the sub-
strate for the epitaxial growth process for manufacturing the
light emitting elements LD, the substrate SB may be finally
separated from the light emitting elements L.D.

[0119] In an embodiment, the buffer layer BF may be
selectively formed on the substrate SB. The buffer layer BF
may be formed on the substrate SB by an epitaxial growth
process (or epitaxy), and may be finally separated from the
light emitting elements L.D. The buffer layer BF may be a
layer positioned between the light emitting elements LD and
the substrate SB to physically separating the light emitting
elements LD and the substrate SB in a process of manufac-
turing the light emitting elements L.D. The buffer layer BF
may include an intrinsic semiconductor layer that is not
doped with an impurity. For example, the buffer layer BF
and the first semiconductor layer SCLL1 may include the
same semiconductor material.

[0120] Inan embodiment, the buffer layer BF may include
multiple layers of semiconductor layers. One of the multiple
layers of semiconductor layers may be an intrinsic semicon-
ductor layer. In an embodiment, another of the multiple
layers of semiconductor layers may be doped to include a
dopant of the first or second conductivity type.

[0121] Inanembodiment, at least one semiconductor layer
(for example, a semiconductor layer disposed on the buffer
layer BF) among the multiple layers of semiconductor layers
may include a nano porous structure including a porous nano
pattern such as a pore. The semiconductor layer including
the nano porous structure may relieve strain between the
substrate SB and the first semiconductor layer SCL1 to be
formed in a subsequent process. In an embodiment, the
semiconductor layer including the nano porous structure
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may be separated from the light emitting elements LD in a
process of separating the light emitting elements LD from
the substrate SB and the buffer layer BF after the light
emitting elements LD are manufactured on the substrate SB,
and thus the semiconductor layer including the nano porous
structure may not be included in the light emitting elements
LD. In another example, at least a portion of the semicon-
ductor layer including the nano porous structure may be
separated from the substrate SB together with the light
emitting elements LD to remain at an end (for example, the
second end EP2) of each of the light emitting elements LD.

[0122] Referring to FIGS. 1 to 14, the first semiconductor
layer SCLL1 may be formed on the substrate SB. For
example, on the substrate SB on which the buffer layer BF
is formed, the first semiconductor layer SCLL1 may be
formed by an epitaxial growth process (or epitaxy).

[0123] In an embodiment, the first semiconductor layer
SCL1 may be formed of a semiconductor material of a
1II(Ga, Al, In)-V(P, As) group. For example, the first semi-
conductor layer SCL1 may be formed of at least one of the
materials described as the material of the first semiconductor
layer SCL1 in the embodiments of FIGS. 1 to 12, and the
first semiconductor layer SCL.1 may be formed of various
other semiconductor materials. For example, the first semi-
conductor layer SCL.1 may be doped to include an N-type
dopant such as Si, Ge, or Sn.

[0124] The first semiconductor layer SCL1 may be formed
by an epitaxial growth process using a process technology
such as metal-organic vapor phase epitaxy (MOVPE),
metal-organic chemical vapor deposition (MOCVD),
molecular beam epitaxy (MBE), liquid phase epitaxy (LPE),
or vapor phase epitaxy (VPE), but methods of forming the
first semiconductor layer SCL1 are not limited thereto.

[0125] Referring to FIGS. 1 to 15, the insulating pattern
layer INP may be formed on a portion (hereinafter, referred
to as a “first portion”) of the first semiconductor layer SCL1.
For example, the insulating pattern layer INP may be formed
on the first portion of the first semiconductor layer SCL.1
except for groove formation areas (hereinafter, referred to as
a “second portion™) for forming the groove GRV of each of
the light emitting elements L.D. For example, the insulating
pattern layer INP may be formed as a connected pattern in
a plan view and may include openings corresponding to the
second portion of the first semiconductor layer SCL1, but a
shape and/or the number of the insulating pattern layer INP
may be changed or modified. In an embodiment, the insu-
lating pattern layer INP may be formed of an inorganic
insulating material capable of withstanding a subsequent
high-temperature process, but materials of the insulating
pattern layer INP are not limited thereto.

[0126] In an embodiment, in case that manufacturing the
light emitting element(s) LD each including two or more
grooves GRV, the insulating pattern layer INP may be
formed on the first portion of the first semiconductor layer
SCL1 surrounding each of the groove formation areas. For
example, at least one insulating pattern layer INP (for
example, an insulating pattern layer INP having a mesh
shape in a plan view, or insulating pattern layers INP
insulated from each other) may be formed on the first portion
(for example, a portion where the first and second protru-
sions PRT1 and PRT1 are to be formed) of the first semi-
conductor layer SCL1 corresponding to the first and second
protrusions PRT1 and PRT2 of FIGS. 11 and 12.
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[0127] Referring to FIGS. 1 to 16, each groove GRV may
be formed by etching the second portion of the first semi-
conductor layer SCL1 which is not covered (or is exposed)
by the insulating pattern layer INP, using the insulating
pattern layer INP as a mask. For example, at least one groove
GRV may be formed in each light emitting element forma-
tion area by a dry and/or wet etching process using the
insulating pattern layer INP as the mask.

[0128] Each of the grooves GRV may be formed in an
isotropic or anisotropic shape, and a shape of the groove
GRYV is not limited thereto. In an embodiment, the groove
GRV may be formed in a shape substantially identical to that
of'any one of the embodiments of FIGS. 2 to 12, or may be
formed in a shape in which at least two of the embodiments
of FIGS. 2 to 12 are combined. For example, the grooves
GRV may be formed in various shapes and/or numbers.
[0129] As the embodiments of FIGS. 2 to 12, in case that
at least a portion (for example, a sidewall or the like) of the
groove GRV does not form C-plane, strain may be relieved
in at least one portion of the groove GRV. Accordingly, in a
subsequent process, a content and/or a composition ratio of
a specific material included in the light emitting layer EML,
for example, indium (In) that affects (or determines) a color
of light, may be readily adjusted to readily manufacture the
light emitting element LD of a desired color. For example,
since a color shift due to QCSE may not occur in at least a
portion of the groove GRYV, light of a more uniform color
may be emitted from the light emitting layer EML.

[0130] For example, in case that each groove GRV
includes the second surface S2 having the inclination of less
than 90 degrees as illustrated in FIG. 2, 4, 6, 10, or the like,
or each groove GRV includes the sidewall of the curved
shape as illustrated in FIGS. 7 and 9, the light emitting layer
EML may be smoothly grown also on the sidewall (or the
second surface S2) of the groove GRV in a subsequent
formation process of the light emitting layer EML.

[0131] As illustrated in FIG. 7, in case that the groove
GRV has the curved shape in the entire area, the light
emitting layer EML may be smoothly grown in the entire
area of the groove GRYV, and strain may be relieved in the
entire area of the groove GRV. Therefore, a material (for
example, indium (In)) that affects a color of light may be
more uniformly distributed in the light emitting layer EML,
and color shift due to QCSE may not occur in the entire area
of'the light emitting layer EML. Accordingly, light of a more
uniform color may be emitted from the light emitting layer
EML.

[0132] In an embodiment, in case that manufacturing the
light emitting element(s) LD each including two or more
grooves GRV and in which the insulating pattern layer INP
is not disposed in an area (for example, an area correspond-
ing to the second protrusion PRT2 of FIGS. 11 and 12)
between the grooves GRV, a process of removing a portion
of the insulating pattern layer INP (or at least one insulating
pattern layer INP) positioned inside each light emitting
element area may be performed.

[0133] As illustrated in of FIG. 12, in case that the first
protrusion PRT1 and the second protrusion PRT2 are to be
formed at different heights, a process of etching a portion of
the protrusion PRT (or at least one protrusion PRT) by a
partial thickness may be performed. In case that the second
protrusion PRT2 is to be formed at a height lower than that
of the first protrusion PRT1, a process of removing the
insulating pattern layer INP on the second protrusion PRT2
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may be performed, and a process of etching the second
protrusion PRT2 by a partial thickness may be performed.
[0134] Referring to FIGS. 1 to 17, each light emitting
layer EML may be formed on the first semiconductor layer
SCL1 to be positioned in each groove GRV. For example,
the light emitting layer EML of each of the light emitting
elements LD may be formed by an epitaxial growth process
in each groove GRV. Accordingly, the light emitting layer
EML having the shape corresponding to the shape of the
groove GRV may be formed.

[0135] In an embodiment, the light emitting layer EML
may be formed using at least one of the materials described
as the materials of the light emitting layer EML in the
embodiments of FIGS. 1 to 12, and may be formed of
various other materials. In an embodiment, the light emitting
layer EML may be formed by an epitaxial growth process
using a process technology such as MOVPE, MOCVD,
MBE, LPE, or VPE, but methods of forming the light
emitting layer EML are not limited thereto.

[0136] Inanembodiment, a GaN layer and an InGaN layer
may be alternately and/or repeatedly formed to form the
light emitting layer EML of multiple layers, and the content
and/or the composition ratio of indium (In) included in the
InGaN layer of the light emitting layer EML may be
adjusted to form the light emitting layer EML for generating
light of a desired color and/or wavelength band.

[0137] In an embodiment, the light emitting layer EML
may be formed to be surround (e.g., completely or entirely
surrounded) by at least one of the first semiconductor layer
SCL1 (for example, the protrusion PRT of the first semi-
conductor layer SCL1) around the groove GRV and the
insulating pattern layer INP. For example, the protrusion
PRT of'the first semiconductor layer SCL.1 and the insulating
pattern layer INP may surround (e.g., completely or entirely
surround) each light emitting layer EML in a plan view.
[0138] In an embodiment, in case that an additional semi-
conductor layer (for example, the third semiconductor layer
SCL3 of FIG. 10) is formed between the first semiconductor
layer SCL1 and the light emitting layer EML, a formation
process of the third semiconductor layer SCL3 may be
performed prior to formation of the light emitting layer
EML. For example, after the third semiconductor layer
SCL3 is formed by an epitaxial growth process in each
groove GRY, the light emitting layer EML may be formed on
the third semiconductor layer SCL3.

[0139] In an embodiment, in case that additional semicon-
ductor layer (for example, the fourth semiconductor layer
SCL4 of FIG. 10) is formed between the light emitting layer
EML and the second semiconductor layer SCL2, a process
for forming the fourth semiconductor layer SCL4 on the
light emitting layer EML may be performed after the for-
mation of the light emitting layer EML. For example, after
the light emitting layer EML is formed, the fourth semicon-
ductor layer SCL4 may be formed by epitaxial growth.
[0140] Referring to FIGS. 1 to 18, each second semicon-
ductor layer SCL.2 may be formed on each light emitting
layer EML. For example, each second semiconductor layer
SCL2 may be formed on each light emitting layer EML by
epitaxial growth.

[0141] Inan embodiment, the second semiconductor layer
SCL2 may be formed of at least one of the materials
described as the material of the second semiconductor layer
SCL2 in the embodiments of FIGS. 1 to 12, and may be
formed of various other materials. For example, the second

Sep. 7, 2023

semiconductor layer SCL.2 may be doped to include a P-type
dopant such as Mg. In an embodiment, the second semicon-
ductor layer SCL2 may be formed by an epitaxial growth
process using a process technology such as MOVPE,
MOCVD, MBE, LPE, or VPE, but methods of forming the
second semiconductor layer SCL2 are not limited thereto.
[0142] Inan embodiment, the second semiconductor layer
SCL2 may be formed to be surrounded (e.g., completely or
entirely surrounded) by the light emitting layer EML and the
insulating pattern layer INP. For example, a portion except
for an upper surface (or an upper layer portion) of the second
semiconductor layer SCL2 may be surrounded (e.g., com-
pletely or entirely surrounded) by the light emitting layer
EML and the insulating pattern layer INP.

[0143] In an embodiment, after formation of the second
semiconductor layer SCL.2, a planarization process for pla-
narizing an upper surface on which the insulating pattern
layer INP and the second semiconductor layer SCL2 are
formed may be selectively performed. For example, the
insulating pattern layer INP and the second semiconductor
layer SCL.2 may be formed at the same height by a planar-
ization process using a process technology such as CMP. In
another example, the insulating pattern layer INP and the
second semiconductor layer SCL.2 may be formed at sub-
stantially the same height without performing a separate
planarization process as an epitaxial growth height of the
second semiconductor layer SCL2 is adjusted. In another
example, the insulating pattern layer INP and the second
semiconductor layer SCL2 may not be formed at the same
height. For example, as the embodiment of FIG. 4, the
second semiconductor layer SCL.2 may be formed to cover
the insulating pattern layer INP.

[0144] Referring to FIGS. 1 to 19, the electrode layer ETL
may be formed on the insulating pattern layer INP and the
second semiconductor layer SCL2. For example, the elec-
trode layer ETL may be formed on a surface (for example,
an upper surface) of the substrate SB on which the insulating
pattern layer INP and the second semiconductor layer SCL.2
are formed. In an embodiment, the electrode layer ETL may
be formed of at least one of the materials described as the
material of the electrode layer ETL in the embodiments of
FIGS. 1 to 12, and may be formed of various other materials.
In another example, in case that the light emitting element
LD does not include the electrode layer ETL, a process of
forming the electrode layer ETL may be omitted.

[0145] Referring to FIGS. 1 to 20, a mask MK may be
formed on the second semiconductor layer SCL2 and a
portion of the insulating pattern layer INP positioned around
(or surrounding) the second semiconductor layer SCL2. In
case that the light emitting element LD includes the elec-
trode layer ETL, the mask MK may be formed on the
electrode layer ETL in an area where the electrode layer ETL
overlaps the second semiconductor layer SCL.2 and a portion
of the insulating pattern layer INP positioned around (or
surrounding) the second semiconductor layer SCL2. In an
embodiment, the mask MK may be formed by using a
process technology such as an imprint process (for example,
a nanoimprint lithography process) or a photolithography
process, but methods of forming the mask MK are not
limited thereto.

[0146] Referring to FIGS. 1 to 21, each light emitting
element LD may be patterned by etching the first semicon-
ductor layer SCL1, the insulating pattern layer INP, and/or
the electrode layer ETL by using the mask MK. For
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example, a light emitting stack LEL including each of the
first semiconductor layer SCL1, the light emitting layer
EML, the second semiconductor layer SCL.2, the insulating
pattern layer INP, and/or the electrode layer ETL may be
etched in a rod shape, by etching the first semiconductor
layer SCL1, the insulating pattern layer INP, and the elec-
trode layer ETL in a vertical direction (or a thickness
direction) in an area which is not covered by the mask MK
through a dry etching process or the like. An etching process
method for patterning the light emitting element LD is not
limited thereto.

[0147] In an embodiment, the light emitting stack LEL
may be etched in a rod shape by etching the first semicon-
ductor layer SCL1 in a vertical direction by a thickness
corresponding to a remaining portion except for a portion
corresponding to a lower layer and by etching the insulating
pattern layer INP and the electrode layer ETL in the vertical
direction by the entire thickness.

[0148] In an embodiment, each light emitting stack LEL
may be etched to have a diameter (or a width of a cross
section) and/or a length of a range of a nanometer to a
micrometer. Accordingly, the light emitting elements LD
each having a size of a nano or micro scale may be
manufactured.

[0149] In an embodiment, an etching process may be
performed in a state in which the light emitting layer EML
is surrounded (e.g., completely or entirely surrounded) by
the first semiconductor layer SCL1 (for example, the pro-
trusion PRT of the first semiconductor layer SCL1) around
(or surrounding) the groove GRYV, the insulating pattern
layer INP, and/or the like. Accordingly, the light emitting
layer EML may be prevented from being damaged in the
etching process and a surface defect of the light emitting
element LD may be prevented.

[0150] Referring to FIGS. 1 to 22, the mask MK may be
removed after the etching process is completed. In an
embodiment, the mask MK may be removed by a wet
etching process, but process methods that may be used to
remove the mask MK are not limited thereto.

[0151] Referring to FIGS. 1 to 23, the insulating film INF
may be formed on a surface (for example, the upper surface)
of the substrate SB including the light emitting stacks LEL.
In an embodiment, the insulating film INF may be formed of
at least one of the materials described as the material of the
insulating film INF in the embodiments of FIGS. 1 to 12, and
may be formed of various other materials. In an embodi-
ment, the insulating film INF may be formed by using a
process technology such as an atomic layer deposition
(ALD) process, but methods of forming the insulating film
INF are not limited thereto.

[0152] Referring to FIGS. 1 to 24, the insulating film INF
may be etched to expose an upper surface of the electrode
layer ETL. Accordingly, the light emitting elements LD
including each light emitting stack LEL and the insulating
film INF may be manufactured. The insulating film INF on
an upper surface of the first semiconductor layer SCL1
between the light emitting stacks LEL may also be etched.
[0153] Referring to FIGS. 1 to 25, the light emitting
elements LD may be separated from the substrate SB. In an
embodiment, the light emitting elements LD may be sepa-
rated from the substrate SB by an electrical and/or chemical
etching method or various other methods.

[0154] FIG. 26 is a schematic plan view illustrating a
display device DD according to an embodiment. In FIG. 26,
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a structure of the display device DD is shown based on a
display panel DP including a display area DA. The display
device DD may further include a driving circuit (for
example, a scan driver, a data driver, a timing controller, and
the like) for driving the pixels PXL.

[0155] Referring to FIGS. 1 to 26, the display device DD
may include a base layer BSL and the pixels PXL disposed
on the base layer BSL. The base layer BSL and the display
device DD including the base layer BSL. may be formed in
various shapes. For example, the base layer BSL and the
display device DD may be formed in a form of a plate having
a substantially quadrangular shape in a plan view, and may
include an angled or rounded corner portion. A shape of the
base layer BSL and the display device DD may be changed
or varied. For example, the base layer BSL and the display
device DD may have another polygonal shape such as a
hexagon or an octagon in a plan view, or may have a shape
including a curved perimeter such as a circle or an ellipse.
[0156] In FIG. 26, the display device DD is shown as
having a plate shape of a quadrangular shape. For example,
a traverse direction (for example, a row direction or a
horizontal direction) of the display device DD is defined as
a first direction DR1, a height direction (for example, a
column direction or a vertical direction) of the display
device DD is defined as a second direction, and a thickness
direction (or a height direction) of the display device DD is
defined as a third direction DR3.

[0157] The base layer BSL may be a base member for
forming the display device DD. For example, the base layer
BSL may form a base surface of the display device DD.
[0158] The base layer BSL and the display device DD
including the base layer BSL may include a display area DA
for displaying an image, and a non-display area NA posi-
tioned around (or surrounding) the display area DA.
[0159] The display area DA may be an area in which the
pixels PXL are disposed, and may be an area in which an
image is displayed by the pixels PXL. In an embodiment, the
display area DA may be disposed in a center area (for
example, a center area of the display panel DP) of the base
layer BSL and the display device DD.

[0160] The display area DA may have various shapes. For
example, the display area DA may have various shapes
including a rectangle, a circle, an ellipse, and the like. In an
embodiment, the display area DA may have a shape corre-
sponding to a shape of the base layer BSL, but embodiments
are not limited thereto.

[0161] The non-display area NA may be an area except for
the display area DA. In an embodiment, the non-display area
NA may be disposed in an edge area of the base layer BSL
and the display device DD to surround the display area DA.
A portion of the non-display area NA may be a pad area PA
in which pads P are disposed.

[0162] The pixels PXL may be disposed in the display area
DA. For example, the display area DA may include pixel
areas in which each pixel PXL is provided and/or disposed.
The pixels PXL, may be regularly arranged in the display
area DA. The pixels PXL. may be arranged in the display
area DA according to a stripe or PENTILE™ arrangement
structure or the like, or may be arranged in the display area
DA in another structure and/or method.

[0163] Inan embodiment, at least two types of pixels PXL
for emitting light of different colors may be disposed in the
display area DA. For example, in the display area DA, first
color pixels PXL1, second color pixels PXI.2, and third
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color pixels PXL3 may be arranged. At least one first color
pixel PXL1, at least one second color pixel PXI1.2, and at
least one third color pixel PXL.3 disposed adjacent to each
other may form a pixel group PXG. By individually con-
trolling a luminance of the first, second, and third color
pixels PXL1, PXL.2, and PXL3 included in each pixel group
PXG, a color of light emitted from the pixel group PXG may
be variously changed or modified.

[0164] In an embodiment, the first color pixel PXL1, the
second color pixel PXL[.2, and the third color pixel PXL3
successively arranged along the first direction DR1 may
form each pixel group PXG. For example, the number, type,
mutual arrangement structure, and/or the like of the pixels
PXL of each pixel group PXG may be variously changed or
modified.

[0165] In an embodiment, the first color pixel PXI.1 may
be a red pixel for emitting red light, and the second color
pixel PXL.2 may be a green pixel for emitting green light.
For example, the third color pixel PXLL3 may be a blue pixel
for emitting blue light. For example, the color of the light
emitted from the pixels PXL of each pixel group PXG may
be variously changed or modified.

[0166] In an embodiment, each pixel PXL may include at
least one light emitting element LD. For example, the pixel
PXL. may include the light emitting element LD as illus-
trated in FIGS. 1 to 12. For example, the pixel PXL may
include at least one light emitting element LD including the
light emitting layer EML disposed in the groove GRV and
manufactured in a rod shape of a size belonging to an about
nanometer to micrometer range. The number, type, structure,
size, and/or the like of the light emitting elements LD, as a
light source of the pixel PXL, may be variously changed or
modified.

[0167] In an embodiment, the first color pixel PXL1, the
second color pixel PXL[.2, and the third color pixel PXL3
may include the light emitting elements LD of a first color,
a second color, and a third color as light sources, respec-
tively. Accordingly, the first color pixel PXL1, the second
color pixel PXL.2, and the third color pixel PXL3 may emit
light of the first color, light of the second color, and light of
the third color, respectively.

[0168] In another example, the first color pixel PXL1, the
second color pixel PXL[.2, and the third color pixel PXL3
may include the light emitting elements LD that emit light
of the same color, and a light conversion layer including
wavelength conversion particles (for example, particles con-
verting a color and/or a wavelength of light such as a
quantum dot (QD)) may be disposed in an emission area of
the first color pixel PXL1, the second color pixel PXI.2,
and/or the third color pixel PXL3. Accordingly, the first
color pixel PXI 1, the second color pixel PXI.2, and the third
color pixel PXIL.3 may emit light of the first color, light of the
second color, and light of the third color, respectively.

[0169] For example, the first color pixel PXI.1, the second
color pixel PXL.2, and the third color pixel PXL3 may
include blue light emitting elements, a light conversion layer
including wavelength conversion particles of the first color
(for example, a red quantum dot) may be disposed in the
emission area of the first color pixel PXL1, and a light
conversion layer including wavelength conversion particles
of the second color (for example, a green quantum dot) may
be disposed in the emission area of the second color pixel
PXI.2. Accordingly, the first color pixel PXL.1 may emit the
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light of the first color (for example, red light), and the second
color pixel PXI.2 may emit the light of the second color (for
example, green light).

[0170] The pixels PXL may have a structure according to
at least one of the embodiments to be described below. For
example, the pixels PXL. may have a structure to which any
one of the embodiments to be described below is applied, or
a structure to which at least two embodiments are applied in
combination.

[0171] Inanembodiment, the pixel PXL may be formed as
an active pixel, but embodiments are not limited thereto. For
example, in another example, the pixel PXL may be formed
as a passive pixel.

[0172] Lines and/or a built-in circuit unit connected to the
pixels PXL of the display area DA may be disposed in the
non-display area NA. For example, a portion of the non-
display area NA may be set as the pad area PA, and the pads
P may be disposed in the pad area PA. The pads P may
include signal pads and/or power pads to which various
driving signals and/or power (for example, power voltages)
for driving the pixels PXL are applied.

[0173] In an embodiment, the non-display area NA may
have a narrow width. For example, the non-display area NA
may have a width of about 100 micrometers or less. Accord-
ingly, the display device DD may be implemented as a
bezel-less display device.

[0174] FIGS. 27 and 28 are schematic diagrams of equiva-
lent circuits of pixels PXL, respectively, according to an
embodiment. For example, FIGS. 27 and 28 illustrate the
pixels PXL including the light emitting units EMU of
different structures.

[0175] According to an embodiment, each pixel PXL of
FIGS. 27 and 28 may be any one of the pixels PXL disposed
in the display area DA of FIG. 26. The pixels PXL. may have
structures substantially identical to or similar to each other.
[0176] Referring to FIGS. 27 and 28, the pixel PXL. may
be connected to a scan line SL (also referred to as a “first
scan line”), a data line DL, a first power line PL1, and a
second power line PL2. For example, the pixel PXL may be
further connected to at least another power line and/or signal
line. For example, the pixel PXL. may be further connected
to a sensing line SENL (also referred to as an “initialization
power line”) and/or a control line SSL (also referred to as a
“second scan line”).

[0177] The pixel PXL may include a light emitting unit
EMU for generating light of a luminance corresponding to
each data signal. For example, the pixel PXL may further
include a pixel circuit PXC for driving the light emitting unit
EMU.

[0178] The pixel circuit PXC may be connected to the
scan line SL and the data line DL, and may be connected
between the first power line PL1 and the light emitting unit
EMU. For example, the pixel circuit PXC may be connected
(e.g., electrically connected) to the scan line SL to which a
first scan signal is supplied, the data line DL to which a data
signal is supplied, the first power line PL1 to which a voltage
of first power VDD is applied, and the light emitting unit
EMU.

[0179] The pixel circuit PXC may be selectively further
connected to the control line SSL to which a second scan
signal is supplied, and the sensing line SENL connected to
reference power (or initialization power) or a sensing circuit
in response to a display period or a sensing period. In an
embodiment, the second scan signal may be a signal iden-
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tical to or different from the first scan signal. In case that the
second scan signal is the signal identical to the first scan
signal, the control line SSL. may be integral with the scan
line SL.

[0180] The pixel circuit PXC may include at least one
transistor M and a capacitor Cst. For example, the pixel
circuit PXC may include a first transistor M1, a second
transistor M2, a third transistor M3, and the capacitor Cst.
[0181] The first transistor M1 may be connected between
the first power line PL1 and a second node N2. The second
node N2 may be a node to which the pixel circuit PXC and
the light emitting unit EMU are connected. For example, the
second node N2 may be a node at which an electrode (for
example, a source electrode) of the first transistor M1 and
the light emitting unit EMU are connected (e.g., electrically
connected) to each other. A gate electrode of the first
transistor M1 may be connected to a first node N1. The first
transistor M1 may control a driving current supplied to the
light emitting unit EMU in response to a voltage of the first
node N1. For example, the first transistor M1 may be a
driving transistor of the pixel PXL.

[0182] In an embodiment, the first transistor M1 may
further include a bottom metal layer BML (also referred to
as a “back gate electrode” or a “second gate electrode™). In
an embodiment, the bottom metal layer BML may be
connected to an electrode (for example, the source electrode)
of the first transistor M1.

[0183] In an embodiment in which the first transistor M1
includes the bottom metal layer BML, a back-biasing tech-
nique (or a sync technique) for moving a threshold voltage
of the first transistor M1 in a negative or positive direction
by applying a back-biasing voltage to the bottom metal layer
BML of the first transistor M1 may be applied. In case that
the bottom metal layer BML is disposed under a semicon-
ductor pattern layer (for example, a semiconductor pattern
layer SCP of FIG. 30) forming a channel of the first
transistor M1, light incident to the semiconductor pattern
layer may be blocked, thereby stabilizing an operation
characteristic of the first transistor M1.

[0184] The second transistor M2 may be connected
between the data line DL and the first node N1. For example,
a gate electrode of the second transistor M2 may be con-
nected to the scan line SL. The second transistor M2 may be
turned on in case that a first scan signal of a gate-on voltage
(for example, a logic high voltage or a high level voltage) is
supplied from the scan line SL, to connect the data line DL
and the first node N1.

[0185] A data signal of a corresponding frame (or each
frame) may be supplied to the data line DL for each frame
period, and the data signal may be transmitted to the first
node N1 through the second transistor M2 during a period in
which the first scan signal of the gate-on voltage is supplied.
For example, the second transistor M2 may be a switching
transistor for transmitting each data signal to an inside of the
pixel PXL..

[0186] A first electrode of the capacitor Cst may be
connected to the first node N1, and a second electrode of the
capacitor Cst may be connected to the second node N2. The
capacitor Cst may be charged with a voltage corresponding
to the data signal supplied to the first node N1 during each
frame period.

[0187] The third transistor M3 may be connected between
the second node N2 and the sensing line SENL. For
example, a gate electrode of the third transistor M3 may be
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connected to the control line SSL (or the scan line SL). The
third transistor M3 may be turned on in case that a second
scan signal (or a first scan signal) of a gate-on voltage (for
example, a logic high voltage or a high level voltage) is
supplied from the control line SSL, to transmit a reference
voltage (or an initialization voltage) supplied to the sensing
line SENL to the second node N2 or transmit a voltage of the
second node N2 to the sensing line SENL. In an embodi-
ment, the voltage of the second node N2 may be transmitted
to a sensing circuit through the sensing line SENL, and may
be provided to the driving circuit (for example, the timing
controller) to be used in compensation or the like of a
characteristic deviation of the pixels PXL..

[0188] In FIGS. 27 and 28, all of the transistors M
included in the pixel circuit PXC are N-type transistors, but
embodiments are not limited thereto. For example, at least
one of the first, second, and third transistors M1, M2, and
M3 may be changed or modified to a P-type transistor. A
structure and a driving method of the pixel PXL. may be
variously changed or modified.

[0189] The light emitting unit EMU may include at least
one light emitting element [.D. In an embodiment, the light
emitting unit EMU may include a single light emitting
element LD connected in a forward-bias direction between
first power VDD and second power VSS. In another
example, the light emitting unit EMU may include light
emitting elements LD connected in the forward-bias direc-
tion between the first power VDD and the second power
VSS. At least one light emitting element LD connected in
the forward-bias direction between the first power VDD and
the second power VSS may form an effective light source of
the pixel PXL.

[0190] In an embodiment, the light emitting unit EMU
may include light emitting elements L.D connected in par-
allel between the pixel circuit PXC and the second power
line PL2 as illustrated in FIG. 27. The first ends EP1 of the
light emitting elements LD may be connected (e.g., electri-
cally connected) to the pixel circuit PXC and may be
connected (e.g., electrically connected) to the first power
line PL1 through the pixel circuit PXC. The second ends
EP2 of the light emitting elements LD may be connected
(e.g., electrically connected) to the second power line PL.2.
A voltage of the second power VSS may be applied to the
second power line PL2.

[0191] The number, type, and/or structure of the light
emitting elements LD forming the effective light source of
the pixel PXL may be changed or modified. For example, an
arrangement and/or a connection structure of the light emit-
ting elements LD may also be changed or modified.

[0192] In an embodiment, the light emitting unit EMU
may include light emitting elements LD connected in series
and/or parallel between the pixel circuit PXC and the second
power line P12 as illustrated in FIG. 28. For example, the
light emitting elements LD may be arranged and/or con-
nected to at least two series stages between the pixel circuit
PXC and the second power line PL2, and each series stage
may include at least one light emitting element LD con-
nected in the forward-bias direction between the first power
VDD and the second power VSS.

[0193] The first power VDD and the second power VSS
may have different potentials. For example, the first power
VDD may be high potential power, and the second power
VSS may be low potential power. A potential difference
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between the first power VDD and the second power VSS
may be equal to or greater than a threshold voltage of the
light emitting elements LD.

[0194] The light emitting elements [.LD may emit light with
a luminance corresponding to a driving current supplied
through the pixel circuit PXC. During each frame period, the
pixel circuit PXC may supply the driving current corre-
sponding to the data signal to the light emitting unit EMU.
The driving current supplied to the light emitting unit EMU
may flow through the light emitting elements LD to emit
light by the light emitting elements LD. Accordingly, the
light emitting unit EMU may emit light with a luminance
corresponding to the driving current.

[0195] FIGS. 27 and 28 show the light emitting elements
LD (e.g., effective light sources) connected in the forward-
bias direction between the first power VDD and the second
power VSS, but embodiments are not limited thereto. For
example, the light emitting unit EMU may further include at
least one ineffective light source in addition to the light
emitting elements LD as each effective light source. For
example, the light emitting unit EMU may further include at
least one ineffective light emitting element arranged in a
reverse-bias direction between the first power VDD and the
second power VSS or having at least one electrical floating
end.

[0196] FIG. 29 is a schematic plan view illustrating a pixel
PXL. according to an embodiment. For example, FIG. 29
illustrates a structure of the pixel PXL based on the light
emitting unit EMU, and illustrates an embodiment of the
light emitting unit EMU including the light emitting ele-
ments LD connected to each other in series and/or parallel
as illustrated in FIG. 29.

[0197] Referring to FIGS. 1 to 29, the pixel PXL may
include an emission area EA in which at least one light
emitting element LD is disposed. In an embodiment, the
emission area EA may include at least two light emitting
elements LD and electrodes connected (e.g., electrically
connected) to the light emitting elements LD. In an embodi-
ment, the electrodes may include alignment electrodes ALE
and pixel electrodes ELT (also referred to as “contact
electrodes”). For example, the pixel PXL. may further
include bank pattern layers BNP disposed under the align-
ment electrodes ALE.

[0198] The alignment electrodes ALE may have various
shapes and may be spaced apart from each other. In an
embodiment, the alignment electrodes ALE may be spaced
apart from each other along the first direction DR1, and each
of the alignment electrodes ALE may have a shape (for
example, a bar shape) extending along the second direction
DR2.

[0199] The shape, size, number, position, and/or mutual
disposition structure of the alignment electrodes ALE may
be variously changed or modified. For example, the align-
ment electrodes ALE may have shapes and/or sizes similar
to or identical to each other, or may have different shapes
and sizes.

[0200] The alignment electrodes ALE may include at least
two electrodes spaced apart from each other. For example,
the alignment electrodes ALE may include a first alignment
electrode ALE1 and a second alignment electrode ALE2,
and may selectively further include a third alignment elec-
trode ALE3.

[0201] In an embodiment, the first alignment electrode
ALE1 may be positioned at a center of the emission area EA,
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and the second alignment electrode ALE2 and the third
alignment electrode ALE3 may be disposed on both sides
(e.g., opposite sides) of the first alignment electrode ALE1.
For example, the second alignment electrode ALE2 may be
disposed on a right side of the first alignment electrode
ALFE1, and the third alignment electrode ALE3 may be
disposed on a left side of the first alignment electrode ALE1
(e.g., in the first direction DR1).

[0202] The alignment electrodes ALE (or alignment lines
before being separated into the alignment electrodes ALE of
each of the pixels PXL) may receive alignment signals
required for alignment of the light emitting elements LD in
an alignment step of the light emitting elements LD. Accord-
ingly, an electric field may be formed between the alignment
electrodes ALE, and thus the light emitting elements LD
may be aligned and/or arranged between the alignment
electrodes ALE. Here, a case where the light emitting
elements LD are aligned and/or arranged between the align-
ment electrodes ALE may mean that at least a portion of
each of the light emitting elements LD is disposed between
the alignment electrodes ALE.

[0203] For example, the first alignment electrode ALE1,
the second alignment electrode ALE2, and the third align-
ment electrode ALE3 (or a first alignment line of a state in
which the first alignment electrodes ALE1 of the pixels PXL
are connected, a second alignment line of a state in which the
second alignment electrodes ALE2 of the pixels PXL are
connected, and a third alignment line of a state in which the
third alignment electrodes ALE3 of the pixels PXL are
connected) may receive a first alignment signal, a second
alignment signal, and a third alignment signal, respectively,
in the alignment step of the light emitting elements L.D. The
first alignment signal and the second alignment signal may
have different waveforms, potentials, and/or phases. Accord-
ingly, an electric field may be formed between the first
alignment electrode ALE1 and the second alignment elec-
trode ALE2, and thus the light emitting elements LD (for
example, the first light emitting elements L.D1) may be
aligned between the first alignment electrode ALE1 and the
second alignment electrode ALE2. The first alignment signal
and the third alignment signal may have different wave-
forms, potentials, and/or phases. Accordingly, an electric
field may be formed between the first alignment electrode
ALE1 and the third alignment electrode ALE3, and thus the
light emitting elements LD (for example, the second light
emitting elements 1.D2) may be aligned between the first
alignment electrode ALE1 and the third alignment electrode
ALES3. The third alignment signal may be a signal identical
to or different from the second alignment signal.

[0204] The alignment electrodes ALE may be disposed in
the emission area EA of each pixel PXL. In an embodiment,
the alignment electrodes ALE may extend to a separation
area SPA through a non-emission area NEA around (or
surrounding) the emission area EA. The separation area SPA
may be an area where each alignment line (for example, the
first alignment line, the second alignment line, or the third
alignment line) is separated into the alignment electrodes
ALE of the pixels PXL (for example, the first alignment
electrodes ALFE1, the second alignment electrodes ALE2, or
the third alignment electrodes ALE3 of the pixels PXL.) after
the alignment of the light emitting elements LD is com-
pleted, and may be disposed on at least one side of each
emission area EA.
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[0205] For example, each pixel PXL. may include at least
one separation area SPA (for example, two separation areas
SPA disposed above and below each emission area EA)
disposed around the emission area EA. For example, an end
of at least one electrode of the light emitting unit EMU (for
example, ends of the alignment electrodes ALE) may be
disposed in each separation areca SPA.

[0206] In an embodiment, each alignment electrode ALE
may have a separated pattern for each pixel PXL. For
example, each of the first, second, and third alignment
electrodes ALE1, ALE2, and ALE3 of each of the pixels
PXL. may have an individually separated pattern.

[0207] However, embodiments are not limited thereto. For
example, in a structure in which the second pixel electrodes
ELT2 of the pixels PXL. are commonly connected to the
second power line PL2, the alignment electrodes ALE (for
example, the third alignment electrodes ALE3 of the pixels
PXL)) connected to the second pixel electrodes ELT2 may
not be disconnected between the pixels PXL. adjacent to each
other along the first direction DR1 and/or the second direc-
tion DR2 and may be integral with each other.

[0208] In an embodiment, the first alignment electrode
ALE1 may be connected (e.g., electrically connected) to the
pixel circuit PXC (for example, the pixel circuit PXC of the
corresponding pixel PXI.) and/or the first power line PL.1
positioned in a circuit layer (for example, the circuit layer
PCL) through a first contact portion CNT1. For example, the
first alignment signal may be supplied to the first alignment
electrode ALE1 (or the first alignment line) through at least
one line (for example, the first power line PL1) positioned
in the circuit layer.

[0209] The first contact portion CNT1 may include at least
one contact hole and/or via hole. In an embodiment, the first
contact portion CNT1 may be positioned in the non-emis-
sion area NEA positioned around each emission area EA, but
a position of the first contact portion CNT1 may be changed
or modified. For example, the first contact portion CNT1
may be disposed in each emission area EA or separation area
SPA.

[0210] In an embodiment, the second alignment electrode
ALE2 may be connected (e.g., electrically connected) to the
second power line PL2 positioned in the circuit layer
through a second contact portion CNT2. For example, the
second alignment signal may be supplied to the second
alignment electrode ALE2 (or the second alignment line)
through the second power line PL2.

[0211] For example, the third alignment electrode ALE3
may be connected (e.g., electrically connected) to the second
power line PL.2 positioned in the circuit layer through a third
contact portion CNT3. For example, the second alignment
signal may be supplied to the third alignment electrode
ALES3 (or the third alignment line) through the second power
line PL2.

[0212] Each of the second contact portion CNT2 and the
third contact portion CNT3 may include at least one contact
hole and/or via hole. In an embodiment, the second contact
portion CNT2 and the third contact portion CNT3 may be
positioned in the non-emission area NEA positioned around
each emission area EA, but positions of the second contact
portion CNT2 and the third contact portion CNT3 may be
changed or modified. For example, the second contact
portion CNT2 and the third contact portion CNT3 may be
disposed in each emission area EA or separation area SPA.
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[0213] At least one first light emitting element L.D1 may
be disposed between the first alignment electrode ALE1 and
the second alignment electrode ALE2. For example, first
light emitting elements 1.LD1 may be arranged between the
first alignment electrode ALE1 and the second alignment
electrode ALE2.

[0214] Each first light emitting element L.D1 may or may
not overlap the first alignment electrode ALE1 and/or the
second alignment electrode ALE2. The first end EP1 of the
first light emitting element LD1 may be disposed adjacent to
the first alignment electrode ALE1, and the second end EP2
of the first light emitting element L.D1 may be disposed
adjacent to the second alignment electrode ALE2.

[0215] The first end EP1 of the first light emitting element
LD1 may be connected (e.g., electrically connected) to the
first pixel electrode ELT1. In an embodiment, the first end
EP1 of the first light emitting element LD1 may be con-
nected (e.g., electrically connected) to the first alignment
electrode ALE1 through the first pixel electrode ELT1, and
may be connected (e.g., electrically connected) to the pixel
circuit PXC and/or the first power line PL1 through the first
alignment electrode ALF1.

[0216] The second end EP2 of the first light emitting
element [.D1 may be connected (e.g., electrically connected)
to the third pixel electrode EL'T3 and/or the second pixel
electrode ELT2. In an embodiment, the second end EP2 of
the first light emitting element LD1 may be connected (e.g.,
electrically connected) to the third pixel electrode ELT3. For
example, the second end EP2 of the first light emitting
element [.D1 may be connected (e.g., electrically connected)
to the second power line PL2 via the third pixel electrode
ELT3, at least one second light emitting element LD2, the
second pixel electrode ELT2, and the third alignment elec-
trode ALE3 sequentially.

[0217] At least one second light emitting element LD2
may be disposed between the first alignment electrode ALE1
and the third alignment electrode ALE3. For example,
second light emitting elements L.D2 may be arranged
between the first alignment electrode ALE1 and the third
alignment electrode ALE3.

[0218] Each second light emitting element 1.D2 may or
may not overlap the first alignment electrode ALE1 and/or
the third alignment electrode ALE3. The first end EP1 of the
second light emitting element LD2 may be disposed adja-
cent to the first alignment electrode ALE1, and the second
end EP2 of the second light emitting element LD2 may be
disposed adjacent to the third alignment electrode ALE3.
[0219] The first end EP1 of the second light emitting
element [.D2 may be connected (e.g., electrically connected)
to the third pixel electrode ELT3. The second end EP2 ofthe
second light emitting element [.LD2 may be connected (e.g.,
electrically connected) to the second pixel electrode ELT2.
In an embodiment, the second end EP2 of the second light
emitting element LD2 may be connected (e.g., electrically
connected) to the third alignment electrode ALE3 through
the second pixel electrode ELT2, and may be connected
(e.g., electrically connected) to the second power line PL2
through the third alignment electrode ALE3.

[0220] In an embodiment, each light emitting element LD
may be an inorganic light emitting element of an ultra-small
size (for example, having a small size in a range of nano-
meter to micrometer) using a material of an inorganic
crystalline structure. For example, each light emitting ele-
ment LD may be an inorganic light emitting element of an
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ultra-small size manufactured in a rod shape as illustrated in
FIGS. 1 and 12 by growing a nitride-based semiconductor or
a phosphide-based semiconductor. However, the type, size,
shape, structure, number, and/or the like of the light emitting
elements LD of each light emitting unit EMU may be
changed or modified.

[0221] The light emitting elements LD may be dispersed
in a solution and prepared in a form of a light emitting
element mixture liquid (or a light emitting element ink), and
may be supplied to each emission area EA by an inkjet
method, a slit coating method, or the like. In case that the
alignment signals are applied to the alignment electrodes
ALE (or the alignment lines) of the pixels PXL simultane-
ously or after supply of the light emitting elements LD, an
electric field may be formed between the alignment elec-
trodes ALE, and thus the light emitting elements LD may be
aligned. After the alignment of the light emitting elements
LD is completed, a solvent may be removed through a
drying process or the like.

[0222] The first pixel electrode ELT1 may be disposed on
the first ends EP1 of the first light emitting elements L.D1,
and may be connected (e.g., electrically connected) to the
first ends EP1 of the first light emitting elements LD1. For
example, the first pixel electrode ELT1 may be disposed
(e.g., directly disposed) on the first ends EP1 of the first light
emitting elements LD1 to be in contact with the first ends
EP1 of the first light emitting elements L.D1.

[0223] In an embodiment, the first pixel electrode ELT1
may overlap the first alignment electrode ALE1 and may be
connected (e.g., electrically connected) to the first alignment
electrode ALE1 through a fourth contact portion CNT4. For
example, the first pixel electrode ELT1 may be connected
(e.g., electrically connected) to the pixel circuit PXC and/or
the first power line PL1 through the first alignment electrode
ALE1. In another example, the first pixel electrode ELT1
may be connected (e.g., electrically connected) to the pixel
circuit PXC and/or the first power line PL1 without passing
through the first alignment electrode ALE1.

[0224] The third pixel electrode ELT3 may be disposed on
the second ends EP2 of the first light emitting elements LD1
and the first ends EP1 of the second light emitting elements
LD2, and may be connected (e.g., electrically connected) to
the second ends EP2 of the first light emitting elements LD1
and the first ends EP1 of the second light emitting elements
LD2. For example, the third pixel electrode EL'T3 may be
disposed (e.g., directly disposed) on the second ends EP2 of
the first light emitting elements L.D1 and the first ends EP1
of the second light emitting elements [.LD2 to be in contact
with the second ends EP2 of the first light emitting elements
LD1 and the first ends EP1 of the second light emitting
elements [.LD2. The third pixel electrode ELT3 may be an
intermediate electrode for connecting (e.g., electrically con-
necting) the first light emitting elements L.D1 and the second
light emitting elements LD2. In an embodiment, the third
pixel electrode ELT3 may overlap a portion of each of the
first and second alignment electrodes ALE1 and ALE2, but
embodiments are not limited thereto.

[0225] The second pixel electrode ELT2 may be disposed
on the second ends EP2 of the second light emitting ele-
ments 1.D2 and may be connected (e.g., electrically con-
nected) to the second ends EP2 of the second light emitting
elements [.LD2. For example, the second pixel electrode
ELT2 may be disposed (e.g., directly disposed) on the
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second ends EP2 of the second light emitting elements [L.D2
to be in contact with the second ends EP2 of the second light
emitting elements LD2.

[0226] Inanembodiment, the second pixel electrode ELT2
may overlap the third alignment electrode ALE3, and may
be connected (e.g., electrically connected) to the third align-
ment electrode ALE3 through a fifth contact portion CNT5.
For example, the second pixel electrode ELT2 may be
connected (e.g., electrically connected) to the second power
line PL2 through the third alignment electrode ALE3. In
another example, the second pixel electrode ELT2 may be
connected (e.g., electrically connected) to the second power
line PL.2 without passing through the third alignment elec-
trode ALE3.

[0227] The pixel electrodes ELT (for example, the first
pixel electrode ELT1, the second pixel electrode ELT2, and
the third pixel electrode ELT3) may be formed in each
emission area EA. In an embodiment, at least one pixel
electrode ELT may extend from each emission areca EA to
the non-emission area NEA and/or the separation area SPA.
For example, the first pixel electrode ELT1 and the second
pixel electrode EL'T2 may extend from each emission area
EA to the non-emission area NEA and the separation area
SPA, and may be connected (e.g., electrically connected) to
the first alignment electrode ALE1 and the third alignment
electrode ALE3 in the separation area SPA, respectively. The
third pixel electrode ELT3 may be formed only in each
emission area EA, or a portion of the third pixel electrode
ELT3 may be positioned in the non-emission area NEA. The
position, size, shape, mutual disposition structure of the
pixel electrodes ELT, the positions of the fourth and fifth
contact portions CNT4 and CNT5, and/or the like may be
variously changed or modified.

[0228] The bank pattern layers BNP (also referred to as
“pattern layers” or “wall pattern layers”) may be disposed
under the alignment electrodes ALE to overlap a portion of
the alignment electrodes ALE. For example, the bank pattern
layers BNP may include a first bank pattern layer BNP1, a
second bank pattern layer BNP2, and a third bank pattern
layer BNP3 overlapping a portion the first alignment elec-
trode ALE1, the second alignment electrode ALE2, and the
third alignment electrode ALE3, respectively. In an embodi-
ment, at least one bank pattern layer BNP may extend to the
non-emission area NEA around the emission area EA, but
embodiments are not limited thereto.

[0229] A portion of the alignment electrodes ALE may
protrude in an upper direction (for example, the third direc-
tion DR3) of the pixel PXL by the bank pattern layers BNP.
Accordingly, an area in which the light emitting elements
LD are aligned may be readily controlled, and light emitted
ata low angle toward the bank pattern layers BNP among the
light emitted from the light emitting elements LD may be
reflected in the upper direction of the pixel PXL to increase
light efficiency of the pixel PXL..

[0230] Inanembodiment, at least two adjacent pixels PXL
may share at least one bank pattern layer BNP. For example,
the second bank pattern layer BNP2 may be integral with the
third bank pattern layer BNP3 of the pixel PXL. adjacent in
the first direction DR1 (for example, an adjacent pixel of a
right side). For example, the third bank pattern layer BNP3
may be integral with the second bank pattern layer BNP2 of
another pixel adjacent in the first direction DR1 (for
example, an adjacent pixel of a left side). The position,
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structure, number, shape, and/or the like of the bank pattern
layers BNP may be variously changed or modified.

[0231] The non-emission areca NEA may be disposed
around each emission area EA and/or each separation area
SPA. A first bank BNK1 may be disposed in the non-
emission area NEA.

[0232] The first bank BNK1 may include a first opening
OPA1 corresponding to each emission area EA, and may
surround the emission area EA. For example, the first bank
BNK1 may include second openings OPA2 corresponding to
the separation areas SPA and surround the separation areas
SPA. For example, the first bank BNK1 may include open-
ings OPA corresponding to each emission area EA and each
separation area SPA.

[0233] The first bank BNK1 may include at least one light
blocking and/or reflective material. For example, the first
bank BNK1 may include at least one black matrix material,
color filter material of a specific color, and/or the like.
Accordingly, light leakage between adjacent pixels PXL
may be prevented.

[0234] The first bank BNK1 may define each emission
area EA to which the light emitting elements LD are to be
supplied in a step of supplying the light emitting elements
LD to each pixel PXL. For example, as the emission areas
EA of the pixels PXL are separated and partitioned by the
first bank BNK1, a desired type and/or amount of a light
emitting element mixture liquid may be supplied.

[0235] In an embodiment, the first bank BNK1 may
include a hydrophobic surface. For example, the first bank
BNK1 may be formed to have the hydrophobic surface by
forming the first bank BNK1 itself in a hydrophobic pattern
using a hydrophobic material or by forming a hydrophobic
film formed of a hydrophobic material on the first bank
BNK1. For example, the first bank BNK1 may be formed of
a hydrophobic organic insulating material having a large
contact angle, such as polyacrylate, and thus the first bank
BNK1 may be formed in a hydrophobic pattern. Accord-
ingly, the light emitting element mixture liquid may stably
flow into the emission area EA.

[0236] FIG. 30 is a schematic cross-sectional view illus-
trating a display device DD according to an embodiment.
For example, FIG. 30 illustrates an embodiment of a cross
section of the display device DD based on a cross section of
the pixel PXL, taken along line II-II' of FIG. 29.

[0237] Referring to FIGS. 1 to 30, the display device DD
may include a base layer BSL, the circuit layer PCL, and a
display layer DPL. The circuit layer PCL and the display
layer DPL may overlap each other on the base layer BSL.
For example, the circuit layer PCL and the display layer
DPL may be sequentially disposed on a surface of the base
layer BSL.

[0238] For example, the display device DD may further
include a color filter layer CFL and/or an encapsulation layer
ENC (or a protective layer) disposed on the display layer
DPL. In an embodiment, the color filter layer CFL and/or the
encapsulation layer ENC may be formed (e.g., directly
formed) on a surface of the base layer BSL on which the
circuit layer PCL and the display layer DPL are formed, but
embodiments are not limited thereto.

[0239] The base layer BSL. may be a substrate or a film of
a rigid or flexible material. In an embodiment, the base layer
BSL may include at least one transparent or opaque insu-
lating material, and may have a structure of a single layer or
multiple layers.
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[0240] The circuit layer PCL. may be disposed on a surface
of the base layer BSL. The circuit layer PCL may include
circuit elements of the pixel circuit PXC of each pixel PXL.
For example, circuit elements (for example, the transistors
M and the capacitor Cst of each pixel circuit PXC) may be
formed in each pixel area of the circuit layer PCL.

[0241] In FIG. 30, as an example of the circuit elements
that may be disposed in the circuit layer PCL, any one
transistor M (for example, the first transistor M1 including
the bottom metal layer BML) included in each pixel circuit
PXC is illustrated.

[0242] For example, the circuit layer PCLL may include
various signal lines and power lines connected to the pixels
PXL.. For example, the circuit layer PCL may include scan
lines SL, data lines DL, sensing lines SENL, and first and
second power lines PL.1 and PL2 connected to the pixels
PXL. In FIG. 30, lines LI and the bottom metal layer BML,
as examples of lines that may be disposed in the circuit layer
PCL (for example, a first conductive layer), may be respec-
tively formed of the same material, and may be disposed on
the same layer (e.g., the base layer BSL). Each line LI may
be any one of the signal lines and the power lines connected
to the pixels PXL. In an embodiment, at least one signal line
and/or power line may be disposed in another layer of the
circuit layer PCL.

[0243] For example, the circuit layer PCLL may include
insulating layers. For example, the circuit layer PCL may
include a buffer layer BFL, a gate insulating layer GI, an
interlayer insulating layer ILD, and/or a passivation layer
PSV sequentially disposed on a surface of the base layer
BSL.

[0244] The circuit layer PCL may include a first conduc-
tive layer disposed on the base layer BSL and including the
bottom metal layer BML of the first transistor M1. For
example, the first conductive layer may be disposed between
the base layer BSL and the buffer layer BFL and include the
bottom metal layer BML of the first transistor M1 included
in each pixel circuit PXC. The bottom metal layer BML of
the first transistor M1 may overlap a gate electrode GE and
the semiconductor pattern layer SCP of the first transistor
Ml.

[0245] For example, the first conductive layer may further
include at least one line LI. For example, the first conductive
layer may include at least some lines LI among lines
extending in the second direction DR2 in the display area
DA. For example, the first conductive layer may include the
sensing lines SENL and the data lines DL connected to the
pixels PXL,, the first power line PL1 (or a first sub power line
of the first power line PL1 of a mesh shape extending in the
second direction DR2), and/or the second power line PL.2 (or
a second sub power line of the second power line PL.2 of a
mesh shape extending in the second direction DR2).
[0246] The buffer layer BFL may be disposed on a surface
of the base layer BSL including the first conductive layer.
The buffer layer BFL. may prevent an impurity from diffus-
ing into each circuit element.

[0247] A semiconductor layer may be disposed on the
buffer layer BFL. The semiconductor layer may include the
semiconductor pattern layer SCP of each transistor M. The
semiconductor pattern layer SCP may include a channel area
overlapping the gate electrode GE of the corresponding
transistor M, and first and second conductive areas (for
example, source and drain areas) disposed on both sides
(e.g., opposite sides) of the channel area. The semiconductor
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pattern layer SCP may be a semiconductor pattern layer
formed of polysilicon, amorphous silicon, an oxide semi-
conductor, or the like.

[0248] The gate insulating layer GI may be disposed on
the semiconductor pattern layer SCP. For example, a second
conductive layer may be disposed on the gate insulating
layer GI.

[0249] The second conductive layer may include the gate
electrode GE of each transistor M. For example, the second
conductive layer may further include an electrode of the
capacitor Cst, a bridge pattern layer, and/or the like disposed
in the pixel circuit PXC. For example, in case that at least
one power line and/or signal line disposed in the display area
DA is formed as multiple layers, the second conductive layer
may further include at least one conductive pattern layer of
the at least one power line and/or signal line.

[0250] The interlayer insulating layer ILD may be dis-
posed on the second conductive layer. For example, a third
conductive layer may be disposed on the interlayer insulat-
ing layer ILD.

[0251] The third conductive layer may include a source
electrode SE and a drain electrode DE of each transistor M.
The source electrode SE may be connected to an area (for
example, the source area) of the semiconductor pattern layer
SCP included in the corresponding transistor M through at
least one contact hole CH, and the drain electrode DE may
be connected to another area (for example, the drain area) of
the semiconductor pattern layer SCP included in the corre-
sponding transistor M through at least another contact hole
CH. For example, the third conductive layer may further
include another electrode of the capacitor Cst, lines (e.g.,
predetermined lines), a bridge pattern layer, and/or the like
disposed in the pixel circuit PXC. For example, the third
conductive layer may include at least some lines among
lines extending in the first direction DR1 in the display area
DA. For example, the third conductive layer may include the
scan lines SL, the control lines SSL, the first power line PL1
(or a first sub power line of the first power line PL.1 of the
mesh shape extending in the first direction DR1), and/or the
second power line PL.2 (or a second sub power line of the
second power line PL.2 of the mesh shape extending in the
first direction DR1) connected to the pixels PXL. For
example, in case that at least one power line and/or signal
line disposed in the display area DA is formed as multiple
layers, the third conductive layer may further include at least
one conductive pattern layer of the at least one power line
and/or signal line.

[0252] Each conductive pattern layer, electrode and/or line
of the first to third conductive layers may have conductivity
by including at least one conductive material, and a material
thereof is not limited thereto. For example, each conductive
pattern layer, electrode and/or line of the first to third
conductive layers may include one or more metals selected
from molybdenum (Mo), aluminum (Al), platinum (Pt),
palladium (Pd), silver (Ag), magnesium (Mg), gold (Au),
nickel (Ni), neodymium (Nd), iridium (Ir), chromium (Cr),
titanium (Ti), tantalum (Ta), tungsten (W), and copper (Cu),
and may include various other types of conductive materials.
[0253] The passivation layer PSV may be disposed on the
third conductive layer. Each of the buffer layer BFL, the gate
insulating layer GI, the interlayer insulating layer IL.D, and
the passivation layer PSV may be formed as a single layer
or multiple layers, and may include at least one inorganic
insulating material and/or organic insulating material. In an
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embodiment, each of the buffer layer BFL, the gate insulat-
ing layer GI, and the interlayer insulating layer ILD may
include various types of inorganic insulating materials
including silicon nitride (SiN, ), silicon oxide (Si0O,), silicon
oxynitride (SiO,N,), or the like. In an embodiment, the
passivation layer PSV may include at least one organic
insulating layer including at least one organic insulating
material. In an embodiment, the passivation layer PSV may
be disposed (e.g., entirely disposed) in at least the display
area DA, and may planarize a surface of the circuit layer
PCL.

[0254] The display layer DPL, may be disposed on the
passivation layer PSV.

[0255] The display layer DPL may include the light emit-
ting unit EMU of each pixel PXL. For example, the display
layer DPL may include the alignment electrodes ALE, at
least one light emitting element LD, and the pixel electrodes
ELT disposed in the emission area EA of each pixel PXL. In
an embodiment, each light emitting unit EMU may include
light emitting elements LD.

[0256] For example, the display layer DPL may further
include insulating pattern layers and/or insulating layers
sequentially disposed on a surface of the base layer BSL on
which the circuit layer PCL is formed. For example, the
display layer DPL may include the bank pattern layers BNP,
a first insulating layer INS1, the first bank BNK1, a second
insulating layer INS2, a third insulating layer INS3, a second
bank BNK2, and/or a fourth insulating layer INS4. For
example, the display layer DPL may selectively further
include a light conversion layer CCL.

[0257] The bank pattern layers BNP may be disposed
and/or formed on the passivation layer PSV. The bank
pattern layers BNP may be disposed under the alignment
electrodes ALE to overlap a portion of each of the alignment
electrodes ALE.

[0258] The alignment electrodes ALE may protrude in an
upper direction (for example, the third direction DR3) of the
pixel PXL around the light emitting elements LD by the
bank pattern layers BNP. The bank pattern layers BNP and
the alignment electrodes ALE thereon may form a reflective
protrusion pattern layer around the light emitting elements
LD. Accordingly, light efficiency of the pixel PXL may be
improved.

[0259] The bank pattern layers BNP may be insulating
pattern layers of a single layer or multiple layers including
an inorganic insulating material and/or an organic insulating
material. The alignment electrodes ALE may be disposed on
the bank pattern layers BNP.

[0260] The alignment electrodes ALE may include at least
one conductive material. For example, each alignment elec-
trode ALE may include at least one conductive material
among at least one metal among various metal materials
including silver (Ag), magnesium (Mg), aluminum (Al),
platinum (Pt), palladium (Pd), gold (Au), nickel (Ni), neo-
dymium (Nd), iridium (Ir), chromium (Cr), titanium (Ti),
molybdenum (Mo), copper (Cu), and the like, an alloy
thereof, a conductive oxide such as indium tin oxide (ITO),
indium zinc oxide (IZ0), indium tin zinc oxide (ITZO), zinc
oxide (ZnO), aluminum doped zinc oxide (AZO), gallium
doped zinc oxide (GZO), zinc tin oxide (ZTO), gallium tin
oxide (GTO), and fluorine doped tin oxide (FTO), and a
conductive polymer such as PEDOT, but embodiments are
not limited thereto. For example, the alignment electrodes
ALE may include another conductive material such as
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carbon nano tube or graphene. For example, the alignment
electrodes ALE may have conductivity by including at least
one of various conductive materials. For example, the align-
ment electrodes ALE may include conductive materials
identical to or different from each other.

[0261] Each alignment electrode ALE may be formed as a
single layer or multiple layers. For example, each alignment
electrode ALE may include a reflective electrode layer
including a reflective conductive material (for example,
metal), and may be formed as an electrode of a single layer
or multiple layers.

[0262] The first insulating layer INS1 may be disposed on
the alignment electrodes ALE. In an embodiment, the first
insulating layer INS1 may include a contact hole for con-
necting at least one of the alignment electrodes ALE to any
one pixel electrode ELT. For example, the first insulating
layer INS1 may include contact holes for forming the fourth
and fifth contact portions CNT4 and CNT5 of FIG. 29.
[0263] The first insulating layer INS1 may be formed as a
single layer or multiple layers, and may include an inorganic
insulating material and/or an organic insulating material. In
an embodiment, the first insulating layer INS1 may include
at least one type of inorganic insulating material including
silicon nitride (SiN,), silicon oxide (SiO,), or silicon oxyni-
tride (SiO,N,).

[0264] As the alignment electrodes ALE are covered by
the first insulating layer INS1, damage to the alignment
electrodes ALE in a subsequent process may be prevented.
For example, an occurrence of a short circuit defect due to
an improper connection between the alignment electrodes
ALE and the light emitting elements LD may be prevented.
[0265] The first bank BNK1 may be disposed in the
display area DA in which the alignment electrodes ALE and
the first insulating layer INS1 are formed. The first bank
BNK1 may be formed in the non-emission area NEA to
surround the emission area EA of each pixel PXL.

[0266] The light emitting elements LD may be supplied to
each emission area EA surrounded by the first bank BNK1.
The light emitting elements LD may be aligned between the
alignment electrodes ALE by the alignment signals applied
to the alignment electrodes ALE (or the alignment lines
before being separated into the alignment electrodes ALE of
each pixel PXL). For example, it is assumed that the pixel
PXL includes the first alignment electrode ALE1 positioned
at a center area and the second and third alignment elec-
trodes ALE2 and ALE3 positioned on both sides (e.g.,
opposite sides) of the first alignment electrode ALFE1, at least
one first light emitting element LD1 may be aligned between
the first alignment electrode ALE1 and the second alignment
electrode ALE2, and at least one second light emitting
element L.D2 may be aligned between the first alignment
electrode ALE1 and the third alignment electrode ALE3.
[0267] The second insulating layer INS2 may be disposed
on a portion of the light emitting elements LD. For example,
the second insulating layer INS2 may be disposed locally on
a portion including a center portion of the light emitting
elements LD to expose the first and second ends EP1 and
EP2 of the light emitting elements LD aligned in the
emission area EA of the corresponding pixel PXL. In case
that the second insulating layer INS2 is formed on the light
emitting elements LD, the light emitting elements LD may
be stably fixed.

[0268] The second insulating layer INS2 may be formed
as a single layer or multiple layers, and may include at least

Sep. 7, 2023

one inorganic insulating material and/or organic insulating
material. For example, the second insulating layer INS2 may
include various types of organic and/or inorganic insulating
materials including silicon nitride (SiN,), silicon oxide
(8i0,), silicon oxynitride (SiO,N,), aluminum oxide
(AL,O,), photoresist (PR) material, and the like.

[0269] On both ends (e.g., opposite ends), for example, the
first and second ends EP1 and EP2 of the light emitting
elements LD, which are not covered by the second insulating
layer INS2, different pixel electrodes ELT may be disposed
and/or formed. For example, the first pixel electrode ELT1
may be disposed on the first end EP1 of the first light
emitting element LD1, and a portion of the third pixel
electrode EL'T3 may be disposed the second end EP2 of the
first light emitting element LD1. Another portion of the third
pixel electrode ELT3 may be disposed on the first end EP1
of the second light emitting element L.D2, and the second
pixel electrode ELT2 may be disposed on the second end
EP2 of the second light emitting element L.D2.

[0270] In an embodiment, the first pixel electrode ELT1
may be connected (e.g., electrically connected) to the first
alignment electrode ALE1 through at least one contact
portion (for example, the fourth contact portion CNT4 of
FIG. 29). For example, the second pixel electrode ELT2 may
be connected (e.g., electrically connected) to the third align-
ment electrode ALE3 through at least one contact portion
(for example, the fifth contact portion CNT5 of FIG. 29).
The third pixel electrode ELT3 may connect (e.g., electri-
cally connect) at least one first light emitting element LD1
and at least one second light emitting element [.D2 to each
other.

[0271] In an embodiment, the first alignment electrode
ALE1 of each pixel PXL may be connected (e.g., electrically
connected) to the first transistor M1 of the corresponding
pixel PXL through at least one contact portion (for example,
the first contact portion CNT1 of FIG. 29). For example, the
second and third alignment electrodes ALE2 and ALE3 may
be connected (e.g., electrically connected) to the second
power line PL2 through at least one contact portion (for
example, the second contact portion CNT2 and the third
contact portion CNT3 of FIG. 29).

[0272] The first pixel electrode ELT1 may be disposed on
the first alignment electrode ALE1 to overlap a portion of the
first alignment electrode ALE1, and the second pixel elec-
trode ELT2 may be disposed on the third alignment elec-
trode ALE3 to overlap a portion of the third alignment
electrode ALE3. The third pixel electrode ELT3 may be
disposed on the first alignment electrode ALE1 and the
second alignment electrode ALE2 to overlap another portion
of the first alignment electrode ALE1 and the second align-
ment electrode ALE2.

[0273] In an embodiment, the first pixel electrode ELT1
may be connected (e.g., electrically connected) to the first
end EP1 of the first light emitting element LD1, and the
second pixel electrode ELT2 may be connected (e.g., elec-
trically connected) to the second end EP2 of the second light
emitting element [.D2. The third pixel electrode ELT3 may
be connected (e.g., electrically connected) to the second end
EP2 of the first light emitting element L.D1 and the first end
EP1 of the second light emitting element L.D2.

[0274] The first pixel electrode ELT1, the second pixel
electrode ELT2, and/or the third pixel electrode ELT3 may
be formed as layers identical to or different from each other.
In an embodiment, the first and second pixel electrodes
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ELT1 and ELT2 may be formed in layers identical to each
other, and the third pixel electrode ELT3 may be formed as
a layer different from that of the first and second pixel
electrodes ELT1 and ELT2. For example, the first and
second pixel electrodes EL'T1 and ELT2 and the third pixel
electrode ELT3 may be disposed on layers different from
each other with the third insulating layer INS3 interposed
therebetween. In another example, all of the first to third
pixel electrodes ELT1 to ELT3 may be formed of the same
material or the same layer. For example, the pixel PXL may
not include the third insulating layer INS3. A mutual posi-
tion, a formation order, and/or the like of the pixel electrodes
ELT may be variously changed or modified.

[0275] As illustrated in FIG. 27, in case that each pixel
PXL includes the light emitting unit EU of a parallel
structure or each pixel PXL includes a single light emitting
element LD, the pixel PXL may not include the third pixel
electrode ELT3. For example, the first pixel electrode ELT1
may be disposed on the first ends EP1 of the light emitting
elements LD, and the second pixel electrode ELT2 may be
disposed on the second ends EP2 of the light emitting
elements LD.

[0276] The pixel electrodes ELT may include at least one
conductive material. In an embodiment, the pixel electrodes
ELT may include a transparent conductive material to trans-
mit the light emitted from the light emitting elements LD
through the pixel electrode ELT.

[0277] In an embodiment, the display device DD may
include the light conversion layer CCL disposed on the light
emitting unit EMU of each pixel PXL. For example, the light
conversion layer CCL may be disposed in each emission
area EA to overlap the light emitting elements LD of each
pixel PXL..

[0278] For example, the display device DD may further
include the second bank BNK2 disposed in the non-emission
area NEA to overlap the first bank BNK1. The second bank
BNK2 may define (or partition) each emission area EA in
which the light conversion layer CCL is formed. In an
embodiment, the second bank BNK2 may be integral with
the first bank BNK1.

[0279] The second bank BNK2 may include a light block-
ing material including a black matrix material and/or a
reflective material. The second bank BNK2 may include a
material identical to or different from that of the first bank
BNKI1.

[0280] The light conversion layer CCL may include at
least one of wavelength conversion particles (or color con-
version particles) for converting a wavelength and/or a color
of'the light emitted from the light emitting elements LD, and
light scattering particles SCT for increasing light output
efficiency of the pixel PXL by scattering the light emitted
from the light emitting elements L.D. For example, each light
conversion layer CCL may be disposed on each light emit-
ting unit EMU. Each light conversion layer CCL may
include wavelength conversion particles such as at least one
type of quantum dot QD (for example, a red quantum dot, a
green quantum dot, and/or a blue quantum dot) and/or light
scattering particles SCT.

[0281] For example, in case that any one pixel PXL is set
as ared (or green) pixel and blue light emitting elements LD
are disposed in the light emitting unit EMU of the pixel
PXL,, the light conversion layer CCL including the red (or
green) quantum dot QD for converting blue light into red (or
green) light may be disposed on the light emitting unit EMU
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of the pixel PXL. For example, the light conversion layer
CCL may further include the light scattering particles SCT.

[0282] The fourth insulating layer INS4 may be disposed
on a surface of the base layer BSL, and may cover the light
emitting units EMU and/or the light conversion layers CCL
of the pixels PXL..

[0283] Inan embodiment, the fourth insulating layer INS4
may include at least one organic insulating layer. The fourth
insulating layer INS4 may be disposed (e.g., entirely dis-
posed) in at least the display area DA, and may substantially
planarize a surface of the display layer DPL. For example,
the fourth insulating layer INS4 may protect the light
emitting units EMU and/or the light conversion layers CCL
of the pixels PXL..

[0284] The color filter layer CFL may be disposed on the
fourth insulating layer INS4.

[0285] The color filter layer CFL may include color filters
CF corresponding to colors of the pixels PXL. For example,
the color filter layer CFL. may include a first color filter CF1
disposed in the emission area EA of the first color pixel
PXI.1, a second color filter CF2 disposed in the emission
area EA of the second color pixel PXL.2, and a third color
filter CF3 disposed in the emission area EA of the third color
pixel PXL3. Each color filter CF may be disposed on the
fourth insulating layer INS4 to overlap the light emitting
unit EMU of the corresponding pixel PXL.

[0286] In an embodiment, the first, second, and third color
filters CF1, CF2, and CF3 may be disposed to overlap each
other in the non-emission area NEA. In another example, the
first, second, and third color filters CF1, CF2, and CF3 may
be formed to be separated from each other on the emission
areas EA of each pixel PXL, and a separate light blocking
pattern layer may be disposed between the first, second, and
third color filters CF1, CF2, and CF3.

[0287] The encapsulation layer ENC may be disposed on
the color filter layer CFL. The encapsulation layer ENC may
include the fifth insulating layer INS5. In an embodiment,
the fifth insulating layer INS5 may include at least one
organic insulating layer including at least one organic insu-
lating material, and may be formed as a single layer or
multiple layers. The fifth insulating layer INS5 may be
formed (e.g., entirely formed) in at least the display area DA
to cover the circuit layer PCL, the display layer DPL, and/or
the color filter layer CFL, and may planarize a surface of the
display device DD.

[0288] FIG. 31 is a schematic enlarged cross-sectional
view of an area of the pixel PXL shown in FIG. 30. For
example, FIG. 31 is a schematic enlarged cross-sectional
view of an area (for example, a third area AR3) of the pixel
PXL based on the first light emitting element LD1. In an
embodiment, the light emitting elements LD included in the
pixels PXL. may be light emitting elements LD of substan-
tially the same or similar type and/or structure. For example,
the second light emitting element LD2 may be a light
emitting element LD of the same type and/or structure as the
first light emitting element LD1.

[0289] FIG. 31 shows an embodiment in which the pixel
PXL of FIG. 30 includes the light emitting element LD
according to the embodiments of FIGS. 1 to 3, but embodi-
ments are not limited thereto. For example, the pixel PXL
may include the light emitting element LD according to any
one of the embodiments of FIGS. 4 to 12, or the light
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emitting element LD having a shape and/or a structure to
which at least two of the embodiments of FIGS. 2 to 12 are
applied in combination.

[0290] Referring to FIGS. 1 to 31, each light emitting
element LD of the light emitting unit EMU of the pixel PXL
may include the first semiconductor layer SCL1, the light
emitting layer EMIL, and the second semiconductor layer
SCL2 sequentially disposed from the second end EP2 to the
first end EP1, and the insulating pattern layer INP surround-
ing the second semiconductor layer SCL2. For example,
each light emitting element LD may selectively further
include the electrode layer ETL and/or the insulating film
INF.

[0291] The first semiconductor layer SCL.1 may include
the groove GRV and the protrusion PRT. The protrusion PRT
may surround the groove GRV. The first semiconductor layer
SCL1 may be disposed at the second end EP2 of the light
emitting element and may be connected (e.g., electrically
connected) to the third pixel electrode ELT3 (or the second
pixel electrode ELT?2).

[0292] The light emitting layer EML may be disposed
around the first semiconductor layer SCL.1 and may be
connected (e.g., electrically connected) to the first semicon-
ductor layer SCL1. For example, the light emitting layer
EML may be disposed in the groove GRV of the first
semiconductor layer SCL1. The light emitting layer EML
may be in contact (e.g., direct contact) with the first semi-
conductor layer SCL1 or may be disposed adjacent to the
first semiconductor layer SCL1 with at least another semi-
conductor layer (for example, the third semiconductor layer
SCL3 of FIG. 10) interposed therebetween.

[0293] The light emitting layer EML may have a shape
corresponding to the groove GRV and may be surrounded by
the protrusion PRT of the first semiconductor layer SCL1.
The shapes of the groove GRV and the light emitting layer
EML may be variously changed or modified.

[0294] The second semiconductor layer SCL2 may be
disposed around the light emitting layer EML and may be
connected (e.g., electrically connected) to the light emitting
layer EML. The second semiconductor layer SCL.2 may be
in contact (e.g., direct contact) with the light emitting layer
EML or may be disposed adjacent to the light emitting layer
EML with at least another semiconductor layer (for
example, the fourth semiconductor layer SCL4 of FIG. 10)
interposed therebetween. The second semiconductor layer
SCL2 may be separated from the first semiconductor layer
SCL1 with at least the light emitting layer EML interposed
therebetween.

[0295] The insulating pattern layer INP may be disposed
at a position corresponding to the protrusion PRT of the first
semiconductor layer SCL1 to surround the second semicon-
ductor layer SCL2. The first semiconductor layer SCL.1 and
the second semiconductor layer SCL.2 may be separated
from each other by the insulating pattern layer INP and the
light emitting layer EML. For example, the first semicon-
ductor layer SCL1 and the second semiconductor layer
SCL2 may be separated from each other by the insulating
pattern layer INP and/or the light emitting layer EML
interposed therebetween in adjacent portions, and thus a PN
junction may be prevented from occurring between the first
semiconductor layer SCL1 and the second semiconductor
layer SCL2. Accordingly, a leakage current may be blocked
or reduced.
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[0296] The electrode layer ETL may be disposed at the
first end EP1 of the light emitting element, and may be
connected (e.g., electrically connected) to the first pixel
electrode ELT1. For example, the electrode layer ETL may
be disposed between the second semiconductor layer SCL2
and the first pixel electrode ELT1 to connect (e.g., electri-
cally connect) the second semiconductor layer SCL.2 and the
first pixel electrode ELT1.

[0297] Inconcluding the detailed description, those skilled
in the art will appreciate that many variations and modifi-
cations may be made to the embodiments without substan-
tially departing from the principles and spirit and scope of
the disclosure. Therefore, the disclosed embodiments are
used in a generic and descriptive sense only and not for
purposes of limitation.

What is claimed is:

1. A light emitting element comprising:

a first semiconductor layer including a groove and a
protrusion disposed around the groove;

a light emitting layer disposed on the groove of the first
semiconductor layer, the light emitting layer having a
shape corresponding to the groove;

a second semiconductor layer disposed on the light emit-
ting layer; and

an insulating pattern layer disposed on the protrusion of
the first semiconductor layer, the insulating pattern
layer surrounding the second semiconductor layer.

2. The light emitting element according to claim 1,
wherein the insulating pattern layer entirely surrounds the
light emitting layer and the second semiconductor layer in a
plan view.

3. The light emitting element according to claim 1,
wherein the light emitting layer is disposed at a height equal
to or less than a maximum height of the groove with respect
to a lower surface of the first semiconductor layer.

4. The light emitting element according to claim 1,
wherein the second semiconductor layer and the insulating
pattern layer have a same height with respect to a lower
surface of the first semiconductor layer.

5. The light emitting element according to claim 1,
wherein

the second semiconductor layer has a height equal to or
greater than a maximum height of the insulating pattern
layer with respect to a lower surface of the first semi-
conductor layer, and

a portion of the second semiconductor layer is disposed
on the insulating pattern layer.

6. The light emitting element of claim 5, wherein the
insulating pattern layer entirely surrounds a remaining por-
tion of the second semiconductor layer.

7. The light emitting element according to claim 1,
wherein the first semiconductor layer and the second semi-
conductor layer are separated from each other by at least one
of the light emitting layer and the insulating pattern layer
disposed between the first semiconductor layer and the
second semiconductor layer.

8. The light emitting element according to claim 1,
wherein the groove comprises:

a first surface parallel to a lower surface of the first

semiconductor layer; and

a second surface protruding from the first surface of the
groove toward an upper surface of the first semicon-
ductor layer.
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9. The light emitting element according to claim 8,
wherein the second surface of the groove includes an
inclined surface inclined at an angle of less than 90 degrees
with respect to the first surface of the groove.

10. The light emitting element according to claim 8,
wherein the second surface of the groove is substantially
perpendicular to the first surface of the groove.

11. The light emitting element according to claim 8,
wherein at least one of the first surface and the second
surface of the groove includes a curved surface.

12. The light emitting element according to claim 1,
wherein the groove has a V-shaped cross section.

13. The light emitting element according to claim 1,
wherein the groove has a curved shape in an entire area of
the groove.

14. The light emitting element according to claim 1,
further comprising at least one of:

a third semiconductor layer disposed between the first

semiconductor layer and the light emitting layer; and

a fourth semiconductor layer disposed between the light

emitting layer and the second semiconductor layer.

15. The light emitting element according to claim 1,
further comprising:

an electrode layer disposed on the second semiconductor

layer and the insulating pattern layer.

16. The light emitting element according to claim 1,
further comprising:

an insulating film surrounding an outer circumferential

surface of a light emitting stack including the first
semiconductor layer, the light emitting layer, the sec-
ond semiconductor layer, and the insulating pattern
layer.

17. A display device comprising:

a pixel including a light emitting element, wherein

the light emitting element comprises:

a first semiconductor layer including a groove and a
protrusion disposed around the groove;

a light emitting layer disposed in the groove and having
a shape corresponding to the groove;
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a second semiconductor layer disposed around the light
emitting layer and separated from the first semicon-
ductor layer by the light emitting layer between the
first semiconductor layer and the second semicon-
ductor layer; and

an insulating pattern layer disposed at a position of the
protrusion and surrounding the second semiconduc-
tor layer.

18. A method of manufacturing a light emitting element,
the method comprising:
forming a first semiconductor layer on a substrate;
forming an insulating pattern layer on a portion of the first
semiconductor layer;
forming a groove in the first semiconductor layer by
etching another portion of the first semiconductor layer
that is not covered by the insulating pattern layer;
forming a light emitting layer by an epitaxial growth
process in the groove;
forming a second semiconductor layer on the light emit-
ting layer;
forming a mask on the second semiconductor layer and a
portion of the insulating pattern layer disposed around
the second semiconductor layer;
patterning the light emitting element by etching the first
semiconductor layer and the insulating pattern layer
that are not covered by the mask; and
separating the light emitting element from the substrate.
19. The method according to claim 18, wherein the light
emitting layer is entirely surrounded by at least one of the
first semiconductor layer and the insulating pattern layer
disposed around the groove.
20. The method according to claim 18, further compris-
ing:
forming an electrode layer on the insulating pattern layer
and the second semiconductor layer, before the forming
of the mask, wherein
the forming of the mask includes forming the mask on the
electrode layer overlapping the second semiconductor
layer and the portion of the insulating pattern layer.
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