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(57) A light emitting device includes a substrate. A
light emitting element layer is disposed on the substrate,
and includes light emitting elements having a rod shape.
A color conversion layer is disposed on the light emitting

element layer, and includes color conversion elements
having a rod shape. A second alignment direction of the
color conversion elements is substantially identical to a
first alignment direction of the light emitting elements.
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Description

Technical Field

[0001] Various embodiments of the present disclosure
relate to a light emitting device, a display device having
the light emitting device, and a method of manufacturing
the display device.

Background Art

[0002] Recently, a technique of manufacturing a sub-
miniature light emitting element using a material having
a highly reliable inorganic crystal structure and manufac-
turing a light emitting device using the light emitting ele-
ment has been developed. For example, technology for
configuring a light source of a light emitting device using
subminiature light emitting elements having a small size
ranging from a nanoscale to a microscale has been de-
veloped. Such a light emitting device may be used in
various electronic devices such as a display device or a
lighting device.

Disclosure

Technical Problem

[0003] A full color light emitting device may be imple-
mented using monochromatic (e.g., blue) light emitting
elements and color conversion elements (i.e., a color
conversion material for converting the color of incident
light to another color and then emitting the converted
light).
[0004] However, rod-type light emitting elements emit
linearly polarized light, and quantum dots generally used
as the color conversion elements absorb the linearly po-
larized light and emit light in a Lambertian form, thus de-
teriorating emission efficiency of light finally emitted from
the light emitting device.
[0005] The technical object of the present disclosure
is to provide a light emitting device having improved emis-
sion efficiency and a display device having the light emit-
ting device.
[0006] The technical object of the present disclosure
is to provide a display device manufacturing method of
manufacturing the display device.

Technical Solution

[0007] In order to accomplish an object of the present
disclosure, a light emitting device according to embodi-
ments of the present disclosure may include a substrate;
a light emitting element layer disposed on the substrate
and including light emitting elements having a rod shape;
and a color conversion layer disposed on the light emit-
ting element layer and including color conversion ele-
ments having a rod shape, wherein a second alignment
direction of the color conversion elements is substantially

identical to a first alignment direction of the light emitting
elements.
[0008] According to an embodiment, each of the color
conversion elements may be a quantum rod.
[0009] According to an embodiment, the quantum rod
may convert first monochromatic light emitted from the
light emitting elements into second monochromatic light.
[0010] According to an embodiment, an angle formed
between the second alignment direction and the first
alignment direction may be 30 or less degrees.
[0011] According to an embodiment, the first alignment
direction may be a direction in which 3/4 or more of the
light emitting elements are arranged, and the second
alignment direction may be a direction in which 3/4 or
more of the color conversion elements are arranged.
[0012] According to an embodiment, the light emitting
element layer may further include a first electrode and a
second electrode disposed on the substrate and spaced
apart from each other; and a first insulating layer dis-
posed on the first and second electrodes and the sub-
strate, wherein the light emitting elements are disposed
between the substrate and the first insulating layer and
between the first electrode and the second electrode.
[0013] According to an embodiment, the light emitting
device may further include a common electrode layer dis-
posed between the substrate and the light emitting ele-
ment layer; and a second insulating layer disposed be-
tween the common electrode layer and the light emitting
element layer, wherein the common electrode layer in-
cludes a first common electrode and a second common
electrode disposed to be spaced apart from each other,
wherein the first common electrode overlaps the first
electrode and may be electrically disconnected from the
first electrode, and wherein the second common elec-
trode overlaps the first common electrode.
[0014] According to an embodiment, the light emitting
elements may be disposed between the first and second
electrodes and the second insulating layer, respective
first ends of the light emitting elements may be coupled
to the first electrode, and respective second ends of the
light emitting elements may be coupled to the second
electrode.
[0015] According to an embodiment, the color conver-
sion elements may be disposed between the first com-
mon electrode and the second common electrode in a
plan view.
[0016] According to an embodiment, the substrate may
include a first sub-pixel area, a second sub-pixel area,
and a third sub-pixel area, the light emitting elements
may emit light of a first color, the color conversion ele-
ments may include a first color conversion element ar-
ranged in the second sub-pixel area and configured to
convert the light of the first color into light of a second
color, and a second color conversion element arranged
in the third sub-pixel area and configured to convert the
light of the first color into light of a third color.
[0017] In order to accomplish an object of the present
disclosure, a display device according to embodiments
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of the present disclosure may include a first substrate; a
light emitting element layer including light emitting ele-
ments and disposed on the first substrate; a color con-
version layer including color conversion elements having
a rod shape and disposed on the light emitting element
layer; and a second substrate disposed on the color con-
version layer, wherein a second alignment direction of
the color conversion elements may be parallel to a first
alignment direction of the light emitting elements.
[0018] According to an embodiment, the light emitting
element layer may further include a first electrode and a
second electrode disposed on the first substrate and
spaced apart from each other, and the light emitting el-
ements are disposed between the first electrode and the
second electrode.
[0019] According to an embodiment, the display device
may further include a pixel circuit layer disposed between
the first substrate and the light emitting element layer and
including transistors and a power line, wherein the first
electrode may be coupled to a first electrode of a first
transistor, among the transistors, through a first contact
hole passing through at least a part of the pixel circuit
layer, and the second electrode may be coupled to the
power line through a second contact hole passing
through at least a part of the pixel circuit layer.
[0020] According to an embodiment, the light emitting
element layer may further include a first contact electrode
configured to couple a first end of each of the light emitting
elements to the first electrode; and a second contact elec-
trode configured to couple a second end of each of the
light emitting elements to the second electrode, and the
first contact electrode and the second contact electrode
are disposed on an identical layer.
[0021] According to an embodiment, the light emitting
element layer may further include a first partition wall
disposed between the first electrode and the pixel circuit
layer; and a second partition wall disposed between the
second electrode and the pixel circuit layer.
[0022] In order to accomplish an object of the present
disclosure, a method of manufacturing a display device
according to embodiments of the present disclosure may
include forming a first common electrode and a second
common electrode spaced apart from each other on a
substrate; forming a first insulating layer on the substrate
and the first and second common electrodes; arranging
light emitting elements on the first insulating layer and
aligning light emitting elements between the first common
electrode and the second common electrode in a plan
view; respectively forming a first electrode on first ends
of the light emitting elements and a second electrode on
second ends of the light emitting elements; forming a
second insulating layer on the light emitting elements,
the first and second electrodes, and the first insulating
layer; and aligning color conversion elements having a
rod shape on the second insulating layer, wherein a sec-
ond alignment direction of the color conversion elements
may be substantially identical to a first alignment direction
of the light emitting elements.

[0023] According to an embodiment, each of the color
conversion elements may be a quantum rod configured
to convert first monochromatic light emitted from the light
emitting elements into second monochromatic light.
[0024] According to an embodiment, an angle formed
between the second alignment direction and the first
alignment direction may be 30 or less degrees.
[0025] The first electrode may overlap at least a part
of the first common electrode, and the second electrode
may overlap at least a part of the second common elec-
trode.
[0026] Aligning the color conversion elements may in-
clude providing the color conversion elements on the first
insulating layer; and applying an alternating current volt-
age to the first common electrode and to the second com-
mon electrode.

Advantageous Effects

[0027] A light emitting device and a display device ac-
cording to embodiments of the present disclosure include
rod-type color conversion elements arranged in a direc-
tion substantially the same as rod-type light emitting el-
ements, so that light absorption efficiency of the color
conversion elements and emission efficiency obtained
through the color conversion elements may be improved,
and thus the emission efficiency of the light emitting de-
vice may be enhanced.
[0028] A method of manufacturing a display device ac-
cording to embodiments of the present disclosure may
respectively align rod-type light emitting elements and
color conversion elements using common electrodes,
thus enabling a display device including the light emitting
elements and the color conversion elements that are ar-
ranged in the same direction to be manufactured.

Description of Drawings

[0029] FIGS. 1a and 1b are a perspective view and a
sectional view illustrating a light emitting element accord-
ing to an embodiment of the present disclosure.
[0030] FIGS. 2a and 2b are a perspective view and a
sectional view illustrating a light emitting element accord-
ing to another embodiment of the present disclosure.
[0031] FIGS. 3a and 3b are a perspective view and a
sectional view illustrating a light emitting element accord-
ing to a further embodiment of the present disclosure.

FIG. 4 is a perspective view illustrating a light emitting
device according to an embodiment of the present
disclosure.
FIG. 5 is an exploded perspective view of the light
emitting device of FIG. 4.
FIG. 6 is a sectional view illustrating an example of
a light emitting device taken along line I-I’ of FIG. 4.
FIG. 7 is a view illustrating an example of a color
conversion element included in the light emitting de-
vice of FIG. 4.

3 4 



EP 3 913 696 A1

4

5

10

15

20

25

30

35

40

45

50

55

FIGS. 8 and 9 are views for explaining emission ef-
ficiency depending on an alignment relationship be-
tween light emitting elements and color conversion
elements included in the light emitting device of FIG.
4.
FIGS. 10a to 10h are views for explaining a process
of manufacturing the light emitting device of FIG. 4.
FIGS. 11a to 11e are views for explaining a process
of forming first and second electrodes of FIG. 10e.
FIG. 12 is a plan view illustrating a display device
according to an embodiment of the present disclo-
sure.
FIGS. 13a to 13c are circuit diagrams illustrating ex-
amples of a pixel included in the display device of
FIG. 12.
FIGS. 14a and 14b are sectional views illustrating
an example of the display device of FIG. 12.
FIG. 15 is a plan view illustrating examples of pixels
included in the display device of FIG. 12.
FIG. 16a is a sectional view illustrating an example
of the pixel taken along line II-II’ of FIG. 15.
FIG. 16b is a sectional view illustrating another ex-
ample of the pixel taken along line II-II’ of FIG. 15.
FIGS. 17a to 17d are sectional views illustrating a
further example of the pixel taken along line II-II’ of
FIG. 15.
FIG. 18 is a sectional view illustrating an example of
the display device taken along line III-III’ of FIG. 15.

Mode for Invention

[0032] Reference will now be made in detail to various
embodiments of the present disclosure, specific exam-
ples of which are illustrated in the accompanying draw-
ings and described below, since the embodiments of the
present disclosure can be variously modified in many dif-
ferent forms. However, the present disclosure may be
modified and practiced in various forms rather than being
limited by the following embodiments.
[0033] Some elements which are not directly related
to the features of the present disclosure in the drawings
may be omitted to clearly explain the present disclosure.
Further, the sizes, ratios, etc. of some elements in the
drawings may be slightly exaggerated. It should be noted
that the same reference numerals are used to designate
the same or similar elements throughout the drawings,
and thus repeated descriptions thereof will be omitted.
[0034] Terms such as first and second may be used
to identify and describe various components, but they
should not limit the various components. Further, in the
present specification, it should be understood that the
terms such as "include" or "have" are merely intended to
indicate that features, numbers, steps, operations, com-
ponents, parts, or combinations thereof are present, and
are not intended to exclude the possibility that one or
more other features, numbers, steps, operations, com-
ponents, parts, or combinations thereof will be present
or added. Furthermore, when a first part such as a layer,

a film, a region, or a plate is disposed on a second part,
the first part may be not only directly on the second part
but a third part may intervene between them. Further-
more, a specific location or direction defined in the fol-
lowing description is merely described from a relative
standpoint, and it should be noted that the location or
direction may be reversely changed depending on, for
example, a view or orientation.
[0035] Embodiments and required details of the
present disclosure are described with reference to the
accompanying drawings in order to describe the present
disclosure in detail so that those having ordinary knowl-
edge in the technical field to which the present disclosure
pertains can easily practice the present disclosure. Fur-
thermore, a singular form may include a plural from as
long as it is not specifically mentioned in a sentence.
[0036] FIGS. 1a and 1b are a perspective view and a
sectional view illustrating a light emitting element accord-
ing to an embodiment of the present disclosure. Although
a cylindrical rod-type light emitting element LD is illus-
trated in FIGS. 1a and 1b, the type and/or shape of the
light emitting element LD according to the present dis-
closure are not limited thereto.
[0037] Referring to FIGS. 1a and 1b, the light emitting
element LD may include a first conductive semiconductor
layer 11, a second conductive semiconductor layer 13,
and an active layer 12 interposed between the first and
second conductive semiconductor layers 11 and 13. In
an example, the light emitting element LD may be formed
as a stacked body in which the first conductive semicon-
ductor layer 11, the active layer 12, and the second con-
ductive semiconductor layer 13 are sequentially stacked
in a direction.
[0038] In an embodiment, the light emitting element
LD may be provided in the form of a rod extending in a
direction. The light emitting element LD may have a first
end and a second end in a direction.
[0039] In an embodiment, one of the first and second
conductive semiconductor layers 11 and 13 may be dis-
posed at the first end of the light emitting element LD,
and the other of the first and second conductive semi-
conductor layers 11 and 13 may be disposed at the sec-
ond end of the light emitting element LD.
[0040] In an embodiment, the light emitting element
LD may be a rod-type light emitting diode fabricated in
the form of a rod. Here, the rod-type embraces a rod-like
shape or a bar-like shape such as a cylindrical shape or
a prismatic shape, which has a longitudinal length greater
than a lateral length (i.e., which has an aspect ratio great-
er than 1), and the cross-sectional shape thereof is not
particularly limited. For example, the length L of the light
emitting element LD may be greater than the diameter
D thereof (or the width of the cross-section thereof).
[0041] In an embodiment, the light emitting element
LD may have a size in a range of a nanoscale to a mi-
croscale, e.g., a diameter D and/or a length L falling within
a microscale to nanoscale range. However, the size of
the light emitting element LD is not limited thereto. For
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example, the size of the light emitting element LD may
be changed in various ways depending on design con-
ditions of various types of devices, e.g., a display device,
which employs, as a light source, a light emitting device
using the light emitting element LD.
[0042] The first conductive semiconductor layer 11
may include at least one n-type semiconductor layer. For
instance, the first conductive semiconductor layer 11 may
include any one semiconductor material of InAlGaN,
GaN, AlGaN, InGaN, AlN, and InN, and may be doped
with a first conductive dopant such as Si, Ge, or Sn. How-
ever, the material forming the first conductive semicon-
ductor layer 11 is not limited to this, and the first conduc-
tive semiconductor layer 11 may be formed of various
materials in addition to the above material. The thickness
of the first conductive semiconductor layer 11 may be,
but is not limited to, about 500 nm to about 5 mm.
[0043] The active layer 12 may be disposed on the first
conductive semiconductor layer 11, and may have a sin-
gle- or multi-quantum well structure. In an embodiment,
a cladding layer (not shown) doped with a conductive
dopant may be formed on and/or under the active layer
12. For example, the cladding layer may be formed as
an AlGaN layer or an InAlGaN layer. In an embodiment,
a material such as AlGaN or AlInGaN may be used to
form the active layer 12, and, in addition, various other
materials may be used to form the active layer 12.
[0044] When an electric field of a predetermined volt-
age or more is applied to the opposite ends of the light
emitting element LD, the light emitting element LD may
emit light while electron-hole pairs are coupled in the ac-
tive layer 12. Since light emission by the light emitting
element LD is controlled based on the foregoing principle,
the light emitting element LD may be used as a light
source of various light emitting devices (including pixels
of a display device). The thickness of the active layer 12
may be, but is not limited to, about 10 nm to about 200 nm.
[0045] The second conductive semiconductor layer 13
may be disposed on the active layer 12, and may include
a semiconductor layer of a type different from that of the
first conductive semiconductor layer 11. For example,
the second conductive semiconductor layer 13 may in-
clude at least one p-type semiconductor layer. For in-
stance, the second conductive semiconductor layer 13
may include a semiconductor material corresponding to
at least one of InAlGaN, GaN, AlGaN, InGaN, AlN, and
InN, and may be doped with a second conductive dopant
such as Mg. However, the material forming the second
conductive semiconductor layer 13 is not limited to this,
and the second conductive semiconductor layer 13 may
be formed of various materials in addition to the above
material. The thickness of the second conductive semi-
conductor layer 1 may be, but is not limited to, about 50
nm to about 500 nm.
[0046] In an embodiment, the light emitting element
LD may further include an insulating film INF provided
on a surface thereof. The insulating film INF may be
formed on the surface of the light emitting element LD to

enclose an outer circumferential surface of at least the
active layer 12, and, in addition, the insulating film INF
may further enclose a portion of each of the first and
second conductive semiconductor layers 11 and 13.
Here, the insulating film INF may expose the opposite
ends of the light emitting element LD having different
polarities. For example, the insulating film INF may ex-
pose a first end of each of the first and second conductive
semiconductor layers 11 and 13 that are disposed at the
respective opposite ends of the light emitting element LD
in a longitudinal direction, e.g., may expose two surfaces
(i.e., top and bottom surfaces) of the cylinder, rather than
covering the same.
[0047] In an embodiment, the insulating film INF may
include, but is not limited to, at least one insulating ma-
terial of SiO2, Si3N4, Al2O3, and TiO2. In other words, the
material forming the insulating film INF is not limited to a
particular material, and the insulating film INF may be
formed of various insulating materials.
[0048] In an embodiment, the light emitting element
LD may further include additional components as well as
the first conductive semiconductor layer 11, the active
layer 12, the second conductive semiconductor layer 13,
and the insulating film INF. For example, the light emitting
element LD may further include one or more fluorescent
layers, active layers, semiconductor layers and/or elec-
trode layers disposed on first ends of the first conductive
semiconductor layer 11, the active layer 12, and/or the
second conductive semiconductor layer 13.
[0049] FIGS. 2a and 2b are a perspective view and a
sectional view illustrating a light emitting element accord-
ing to another embodiment of the present disclosure.
FIGS. 3a and 3b are a perspective view and a sectional
view illustrating a light emitting element according to a
further embodiment of the present disclosure.
[0050] Referring to FIGS. 2a and 2b, the light emitting
element LD may further include at least one electrode
layer 14 disposed on one end of the second conductive
semiconductor layer 13.
[0051] Referring to FIGS. 3a and 3b, the light emitting
element LD may further include at least one additional
electrode layer 15 disposed on one end of the first con-
ductive semiconductor layer 11.
[0052] Each of the electrode layers 14 and 15 may be,
but is not limited to, an ohmic contact electrode. Also,
each of the electrode layers 14 and 15 may include a
metal or conductive metal oxide, and may be formed by
using, for example, chrome (Cr), titanium (Ti), aluminum
(Al), gold (Au), nickel (Ni), an oxide or alloy thereof, In-
dium Tin Oxide (ITO), Indium Zinc Oxide (IZO), Indium
Tin Zinc Oxide (ITZO) alone or in combination with each
other. The electrode layers 14 and 15 may be substan-
tially transparent or translucent. Thereby, light generated
from the light emitting element LD may be emitted to the
outside of the light emitting element LD after passing
through the electrode layers 14 and 15. The thickness of
each of the electrode layers 14 and 15 may be, but is not
limited to, about 1 nm to about 200 nm.
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[0053] In an embodiment, the insulating film INF may
at least partially enclose the outer surfaces of the elec-
trode layers 14 and 15, or may not enclose them. In other
words, the insulating film INF may be selectively formed
on the surfaces of the electrode layers 14 and 15. Fur-
thermore, the insulating film INF may expose the oppo-
site ends of the light emitting element LD having different
polarities, and for example, may expose at least an area
of each of the electrode layers 14 and 15. However, the
present disclosure is not limited thereto, and the insulat-
ing film INF may not be provided.
[0054] The insulating film INF may be provided on the
surface of the light emitting element LD, for example, on
the surface of the active layer 12, thus preventing the
active layer 12 from short-circuiting with at least one elec-
trode (e.g., at least one of contact electrodes electrically
connected to the opposite ends of the light emitting ele-
ment LD) or the like. Therefore, the electrical stability of
the light emitting element LD may be secured.
[0055] Further, the insulating film INF may be formed
on the surface of the light emitting element LD, therby
minimizing defects on the surface of the light emitting
element LD and improving the lifespan and efficiency of
the light emitting element LD. Further, the insulating film
INF may be formed on the light emitting element LD,
thereby preventing an undesired short-circuit between
light emitting elements LD even if the light emitting ele-
ments LD are arranged close to each other.
[0056] In an embodiment, the light emitting element
LD may be manufactured by a surface process (e.g.,
coating). For example, in case that the plurality of light
emitting elements LD are mixed with a fluidic solution
and are supplied to respective emission areas (e.g.,
emission areas of respective pixels, see FIG. 18), the
light emitting elements LD may be uniformly distributed
without being agglomerated in the solution. Here, an
emission area may be an area in which light is emitted
from the light emitting elements LD, and may be distin-
guished from a non-emission area in which light is not
emitted.
[0057] A light emitting device including light emitting
elements LD may be used in various types of devices
requiring a light source, including a display device. For
example, micro light emitting elements LD may be ar-
ranged in each pixel area of a display panel, and an emis-
sion unit of each pixel may be configured through the
light emitting elements LD. However, the field of applica-
tion of the light emitting elements LD in the present dis-
closure is not limited to a display device. For example,
the light emitting elements LD may also be used in other
types of devices such as a lighting device, which requires
a light source.
[0058] FIG. 4 is a perspective view illustrating a light
emitting device according to an embodiment of the
present disclosure. In FIG. 4, a light emitting device EU
is illustrated as an example of a device that is capable
of using the light emitting elements LD described with
reference to FIGS. 1a to 3b, as light sources. FIG. 4 sche-

matically illustrates the light emitting device EU focusing
a pixel PXL of the light emitting device EU. Here, the pixel
PXL may be a unit for displaying full color light and may
include a plurality of sub-pixels SPX, each of which may
emit monochromatic light and independently adjust the
luminance thereof. Hereinafter, the light emitting device
EU will be described with reference to example case
where the pixel PXL includes three sub-pixels SPX1,
SPX2, and SPX3.
[0059] FIG. 5 is an exploded perspective view of the
light emitting device of FIG. 4. FIG. 5 illustrates the struc-
ture of the light emitting device EU (or the pixel PXL) of
FIG. 4 focusing on the second sub-pixel SPX2. FIG. 6 is
a sectional view illustrating an example of a light emitting
device taken along line I-I’ of FIG. 4.
[0060] Referring to FIGS. 4 to 6, the pixel PXL may be
formed in a pixel area PXA defined on a substrate SUB.
The pixel area PXA may include sub-pixel areas SPA
corresponding to a plurality of sub-pixels SPX forming
the pixel PXL.
[0061] For example, the pixel area PXA may include a
first sub-pixel area SPA1 in which the first sub-pixel SPX1
is formed, a second sub-pixel area SPA2 in which the
second sub-pixel SPX2 is formed, and a third sub-pixel
area SPA3 in which the third sub-pixel SPX3 is formed.
[0062] In an embodiment, the first sub-pixel SPX1 may
include a first electrode ELT1 and a second electrode
ELT2, arranged in the first sub-pixel area SPA1 corre-
sponding thereto and spaced apart from each other, and
at least one light emitting element LD coupled between
the first and second electrodes ELT1 and ELT2. In an
example, the first sub-pixel SPX1 may include a plurality
of light emitting elements LD coupled in parallel between
the first and second electrodes ELT1 and ELT2.
[0063] In an embodiment, the second sub-pixel SPX2
may include a first electrode ELT1 and a second elec-
trode ELT2, arranged in the second sub-pixel area SPA2
corresponding thereto and spaced apart from each other,
and at least one light emitting element LD coupled be-
tween the first and second electrodes ELT1 and ELT2.
In an example, the second sub-pixel SPX2 may include
a plurality of light emitting elements LD coupled in parallel
between the first and second electrodes ELT1 and ELT2.
Also, the second sub-pixel SPX2 may further include first
color conversion elements QR1 arranged in the second
sub-pixel area SPA2.
[0064] In an embodiment, the third sub-pixel SPX3
may include a first electrode ELT1 and a second elec-
trode ELT2, arranged in the third sub-pixel area SPA3
corresponding thereto and spaced apart from each other,
and at least one light emitting element LD coupled be-
tween the first and second electrodes ELT1 and ELT2.
In an example, the third sub-pixel SPX3 may include a
plurality of light emitting elements LD coupled in parallel
between the first and second electrodes ELT1 and ELT2.
Also, the third sub-pixel SPX3 may further include second
color conversion elements QR2 disposed in the third sub-
pixel area SPA3.
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[0065] Since the first sub-pixel SPX1 is substantially
the same as the second sub-pixel SPX2 except for the
color conversion elements, and the third sub-pixel SPX3
is substantially the same as the second sub-pixel SPX2,
the first to third sub-pixels SPX1, SPX2, and SPX3 will
be described focusing on the second sub-pixel SPX2.
[0066] The light emitting device EU may include the
substrate SUB, a common electrode layer AEL, a light
emitting element layer LDL, and a color conversion layer
CCL.
[0067] The substrate SUB may form a base member
for the light emitting device EU.
[0068] In an embodiment, the substrate SUB may be
a rigid or flexible substrate, and the material or properties
thereof are not particularly limited. For example, the sub-
strate SUB may be a rigid substrate made of glass or
reinforced glass, or a flexible substrate formed of a thin
film made of a plastic or metal material. Furthermore, the
substrate SUB may be, but is not limited to, a transparent
substrate. In an example, the substrate SUB may be a
translucent substrate, an opaque substrate, or a reflec-
tive substrate.
[0069] The common electrode layer AEL (or an align-
ment electrode layer) may be disposed on the substrate
SUB, and may include a first common electrode AELT1
(or a first alignment electrode) and a second common
electrode AELT2 (or a second alignment electrode).
[0070] The first common electrode AELT1 and the sec-
ond common electrode AELT2 may be arranged in each
sub-pixel area SPA and spaced apart from each other,
and may be disposed such that at least portions thereof
face each other.
[0071] In embodiments, each of the first common elec-
trode AELT1 and the second common electrode AELT2
may include a stem electrode and at least one branch
electrode (hereinafter referred to as a branch electrode).
The stem electrode may extend in a second direction
DR2 within the corresponding sub-area SPA. The stem
electrode may extend from the corresponding sub-pixel
area SPA (e.g., the second sub-pixel area SPA2) to other
sub-pixel areas (e.g., the first and third sub-pixel areas
SPA1 and SPA3). The branch electrode may extend from
the stem electrode in a first direction DR1 intersecting
the second direction DR2. For example, as illustrated in
FIG. 5, each of the first and second common electrodes
AELT1 and AELT2 may include four branch electrodes
branching off from the stem electrode. The branch elec-
trodes of the first common electrode AELT1 and the
branch electrodes of the second common electrode
AELT2 may be alternately arranged in the second direc-
tion DR2 while being spaced apart from each other by a
predetermined interval. A distance (or an interval) be-
tween the branch electrodes of the first common elec-
trode AELT1 and the branch electrodes of the second
common electrode AELT2 may be less than or equal to
the length of each of the light emitting elements LD, but
the distance is not limited thereto. The line width and the
thickness of each of the first and second common elec-

trodes AELT1 and AELT2 may vary with a voltage applied
thereto, but the line width of each of the first and second
common electrodes AELT1 and AELT2 may range from
about 100 nm to about 50 mm, and the thickness of each
of the first and second common electrodes AELT1 and
AELT2 may range from about 0.1 mm to about 10 mm.
[0072] However, the shapes and/or the mutual ar-
rangement relationship of the first and second common
electrodes AELT1 and AELT2 may be changed in various
manners.
[0073] Meanwhile, although, in FIG. 4, each of the first
and second common electrodes AELT1 and AELT2 is
illustrated as including four branch electrodes, the
present disclosure is not limited thereto. In an example,
in FIG. 4, each of the first and second common electrodes
AELT1 and AELT2 may include three or less branch elec-
trodes or five or more branch electrodes, and in another
example, the first common electrode AELT1 may include
two branch electrodes, and the second common elec-
trode AELT2 may include one branch electrode (see FIG.
15).
[0074] Each of the first and second common electrodes
AELT1 and AELT2 may include at least one conductive
material. In an example, each of the first and second
common electrodes AELT1 and AELT2 may include, but
is not limited to, a material corresponding to at least one
of a metal such as Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr,
Ti, or alloy thereof, a conductive oxide such as ITO, IZO,
ZnO, or ITZO, and a conductive polymer such as
[0075] In embodiments, each of the first and second
common electrodes AELT1 and AELT2 may have a sin-
gle layer or multi-layer structure. In an example, the first
common electrode AELT1 may have a multi-layer struc-
ture including a first reflective electrode and a first con-
ductive capping layer, and the second common electrode
AELT2 may have a multi-layer structure including a sec-
ond reflective electrode and a second conductive cap-
ping layer.
[0076] The reflective electrode of each of the first and
second common electrodes AELT1 and AELT2 may be
made of a conductive material having uniform reflectivity.
In an example, the reflective electrode may include, but
is not limited to, at least one of metals such as Ag, Mg,
Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, and alloys thereof.
[0077] The light emitting element layer LDL (or an
emission unit or a light emitting electrode assembly) may
be disposed on the substrate SUB (and the common elec-
trode layer AEL), and may include a first insulating layer
INS1, a first electrode ELT1, a second electrode ELT2,
and light emitting elements LD. Here, each of the light
emitting elements LD may be a rod-type light emitting
diode according to any one of the embodiments of FIGS.
1a to 3b.
[0078] The first insulating layer INS1 may be disposed
on the substrate SUB and the common electrode layer
AEL. For example, the first insulating layer INS1 may
cover at least a portion of each of the first and second
common electrodes AELT1 and AELT2, or may be dis-
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posed on the overall surface of the substrate SUB.
[0079] The first insulating layer INS1 may be formed
in a single layer or multi-layer structure, and may include
at least one inorganic insulating material and/or at least
one organic insulating material. For example, each first
insulating layer INS1 may include various types of well-
known organic/inorganic insulating materials including
SiNx, and the material forming the first insulating layer
INS1 is not particularly limited.
[0080] The light emitting elements LD may be disposed
on the first insulating layer INS1.
[0081] In an embodiment, each of the light emitting el-
ements LD may be a light emitting diode which is made
of material having an inorganic crystal structure and has
a subminiature size ranging from a nanoscale to a mi-
croscale. For example, each of the light-emitting ele-
ments LD may be a subminiature rod-type light emitting
diode, which is illustrated in any one of FIGS. 1a to 3b
and has a size ranging from a nanoscale to a microscale.
However, the types of light emitting elements LD that
may be applied to the present disclosure are not limited
thereto. For example, each of the light emitting elements
LD may be formed by a growth method, and may be, for
example, a light emitting diode having a core-shell struc-
ture of a size ranging from a nanoscale to a microscale.
[0082] In an embodiment, the light emitting elements
LD may be disposed between the first common electrode
AELT1 and the second common electrode AELT2 (or
between the first electrode ELT1 and the second elec-
trode ELT2) facing each other in a plan view. The light
emitting elements LD may be aligned (or arranged) in a
second direction DR2, and a first alignment direction
ADR1 of the light emitting elements LD may be identical
to the second direction DR2. Here, the first alignment
direction ADR1 may be a direction which the major axes
of the light emitting elements LD face on average, for
example, a direction in which about 70% or more of the
light emitting elements LD face. Similarly, the fact that
the light emitting elements LD are aligned in the second
direction DR2 means that about 70% or more of the light
emitting elements LD are aligned within a range of about
620° with respect to the second direction DR2. Accord-
ingly, at least one of the light emitting elements LD may
be arranged in a diagonal direction.
[0083] In an embodiment, the light emitting element
layer LDL may include light emitting elements LD which
emit light of a first color. For example, each of the light
emitting elements LD may be a blue light emitting diode
which emits light of a blue color.
[0084] However, the light emitting element layer LDL
is not limited thereto, and the light emitting element layer
LDL may include, for example, a first light emitting ele-
ment arranged in a first sub-pixel area SPA1, a second
light emitting element arranged in a second sub-pixel ar-
ea SPA2, and a third light emitting element arranged in
a third sub-pixel area SPA3, wherein at least two of the
first to third sub-pixels may emit light of different colors.
[0085] The light emitting elements LD may be coupled

to each other in parallel through the first and second elec-
trodes ELT1 and ELT2 in a corresponding sub-pixel area
SPA.
[0086] The light emitting elements LD may be disposed
between the first and second electrodes ELT1 and ELT2.
Also, each of the light emitting elements LD may be dis-
posed between the first and second electrodes ELT1 and
ELT2 and the first insulating layer INS1, a first end of
each of the light emitting elements LD may be in contact
with or coupled to the first electrode ELT1, and a second
end thereof may be in contact with or coupled to the sec-
ond electrode ELT2.
[0087] The light emitting elements LD arranged in each
sub-pixel area SPA may be gathered to form a light
source of the corresponding sub-pixel SPX. In an exam-
ple, in case that a driving current flows through at least
one sub-pixel SPX during each frame period, light with
luminance corresponding to the driving current may be
emitted while the light emitting elements LD coupled to
each other in a forward direction between the first and
second electrodes ELT1 and ELT2 of the sub-pixel SPX
emit light.
[0088] The first electrode ELT1 and the second elec-
trode ELT2 may be arranged in each sub-pixel area SPA
and spaced apart from each other, and may be arranged
such that at least portions thereof face each other. The
shapes and arrangement relationship of the first and sec-
ond electrodes ELT1 and ELT2 may be substantially
identical or similar to those of the first and second com-
mon electrodes AELT1 and AELT2.
[0089] In embodiments, at least one of the first elec-
trode ELT1 and the second electrode ELT2 may be sep-
arated from the first and second common electrodes
AELT1 and AELT2, and may be electrically disconnected
or isolated from the first and second common electrodes
AELT1 and AELT2 by the first insulating layer INS1 (or
the insulating layer). In this case, when a voltage (e.g.,
an alternating current (AC) voltage) for aligning the light
emitting elements LD is applied to the first and second
common electrodes AELT1 and AELT2, the light emitting
elements LD coupled between the first and second elec-
trodes ELT1 and ELT2 may be prevented from being
damaged by the voltage. However, the present disclo-
sure is not limited thereto, and, for example, the first elec-
trode ELT1 may be electrically disconnected from the
first common electrode AELT1, but the second electrode
ELT2 may be electrically coupled to the second common
electrode AELT2.
[0090] In embodiments, the first electrode ELT1 may
include at least one first sub-electrode ELT_S1, and the
second electrode ELT2 may include at least one second
sub-electrode ELT_S2. The first sub-electrode ELT_S1
and the second sub-electrode ELT_S2 may extend in the
first direction DR1 in a sub-pixel area SPA, and may be
arranged in parallel to each other in the second direction
DR2 while being spaced apart from each other by a pre-
determined interval.
[0091] The first sub-electrode ELT_S1 may overlap the
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branch electrodes of the first common electrode AELT1,
and the second sub-electrode ELT_S2 may overlap the
branch electrodes of the second common electrode
AELT2. The first sub-electrode ELT_S1 may have a line
width identical to that of the branch electrodes of the first
common electrode AELT1, and may fully overlap the first
common electrode AELT1. Similarly, the second sub-
electrode ELT_S2 may have a line width identical to that
of the branch electrodes of the second common electrode
AELT2, and may fully overlap the second common elec-
trode AELT2.
[0092] In embodiments, the first electrode ELT1 may
further include a first connection electrode CNL1 coupled
to the first sub-electrode ELT_S1. For example, the first
connection electrode CNL1 may extend in the second
direction DR2, and may be integral with the first sub-
electrode ELT_S1. For example, the first sub-electrode
ELT_S1 may be branch off from the first connection elec-
trode CNL1 into at least one part. In case that the first
sub-electrode ELT_S1 and the first connection electrode
CNL1 are integral with each other, the first connection
electrode CNL1 may be regarded as an area of the first
electrode ELT1. However, the present disclosure is not
limited thereto. For example, in another embodiment of
the present disclosure, the first sub-electrode ELT_S1
and the first connection electrode CNL1 may be sepa-
rately formed, and may then be electrically coupled to
each other through at least one contact hole or via hole,
which is not illustrated.
[0093] The first connection electrode CNL1 may over-
lap the stem electrode of the first common electrode
AELT1, but the present disclosure not limited thereto.
For example, the first connection electrode CNL1 may
have a line width different from that of the first common
electrode AELT1, which may partially overlap the first
connection electrode CNL1 or may not overlap the first
connection electrode CNL1. The first connection elec-
trode CNL1 may be independently arranged in each of
the sub-pixel areas SPA1, SPA2, and SPA3.
[0094] Similarly, the second electrode ELT2 may fur-
ther include a second connection electrode CNL2 cou-
pled to the second sub-electrode ELT_S1. Since the ar-
rangement of the second connection electrode CNL2 and
the coupling relationship with the second sub-electrode
ELT_S2 are substantially the same as the arrangement
of the first connection electrode CNL1 and the coupling
relationship with the first sub-electrode ELT_S1, repeat-
ed descriptions thereof will be omitted. The second con-
nection electrode CNL2 may extend from the corre-
sponding sub-pixel area SPA to other sub-pixel areas
SPA.
[0095] In an embodiment, the first electrode ELT1 may
be formed on first ends of the light emitting elements LD,
and may be physically and/or electrically coupled to the
first ends of the light emitting elements LD. Similarly, the
second electrode ELT2 may be formed on second ends
of the light emitting elements LD, and may be physically
and/or electrically coupled to the second ends of the light

emitting elements LD.
[0096] The first and second electrodes ELT1 and ELT2
may include one or more metal materials selected from
the group consisting of aluminum (Al), titanium (Ti), indi-
um (In), gold (Au), and silver (Ag), or one or more trans-
parent materials selected from the group consisting of
Indium Tin Oxide (ITO), ZnO:Al, and CNT-conducting
polymer composite. In case that the first and second elec-
trodes ELT1 and ELT2 include two or more types of elec-
trode-forming materials, the first and second electrodes
ELT1 and ELT2 may have a structure in which the two
or more types of electrode-forming materials are stacked.
[0097] A color conversion layer CCL (or a photo-con-
version layer) may include a second insulating layer INS2
and color conversion elements QR1 and QR2. However,
the present disclosure is not limited thereto, and the sec-
ond insulating layer INS2 may be included in the light
emitting element layer LDL.
[0098] The second insulating layer INS2 may be dis-
posed on the light emitting element layer LDL. For ex-
ample, the second insulating layer INS2 may cover at
least a portion of each of the first and second electrodes
ELT1 and ELT2, or may be disposed on the overall sur-
face of the light emitting element layer LDL. Since the
second insulating layer INS2 may be substantially the
same as the first insulating layer INS1, a repeated de-
scription thereof will be omitted. Meanwhile, although, in
FIG. 4, the second insulating layer INS2 is illustrated as
being not arranged in the first sub-pixel area SPA1, this
is intended to expose the first and second electrodes
ELT1 and ELT2 and the light emitting elements LD which
are arranged in the first sub-pixel area SPA1, and the
second insulating layer INS2 may also be arranged in
the first sub-pixel area SPA1.
[0099] Color conversion elements QR1 and QR2 may
be disposed on the second insulating layer INS2 in some
of the sub-pixel areas SPA1, SPA2, and SPA3. For ex-
ample, first color conversion elements QR1 may be dis-
posed on the second insulating layer INS2 in the second
sub-pixel area SPA2, and second color conversion ele-
ments QR2 may be disposed on the second insulating
layer INS2 in the third sub-pixel area SPA3.
[0100] Each of the first and second color conversion
elements QR1 and QR2 may shift light in a first wave-
length band, emitted by each of the light emitting ele-
ments LD, to a second wavelength band, and for exam-
ple, may convert light of a first color into light of a second
color, and may emit the light of the second color.
[0101] In some embodiments, each of the first and sec-
ond color conversion elements QR1 and QR2 may have
a rod shape, and may be, for example, a quantum rod.
Here, as described above, the rod shape may embrace
a rod-like shape or a bar-like shape such as a cylindrical
or prismatic shape, which has a longitudinal length great-
er than a lateral length (i.e., which has an aspect ratio
greater than 1), and the cross-sectional shape thereof is
not particularly limited. The structures of the first and sec-
ond color conversion elements QR1 and QR2 will be de-
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scribed below with reference to FIG. 7.
[0102] In some embodiments, the first and second
color conversion elements QR1 and QR2 may be aligned
(or arranged) in the second direction DR2, and a second
alignment direction ADR2 of the first and second color
conversion elements QR1 and QR2 may be substantially
identical to or aligned with a first alignment direction
ARD1 of the light emitting elements LD. Here, similar to
the above-described first alignment direction ADR1, the
second alignment direction ADR2 may be a direction in
which the major axes of the first and second color con-
version elements QR1 and QR2 face on average, for
example, a direction which 70% or more of the first and
second color conversion elements QR1 and QR2 face.
[0103] In an embodiment, the first color conversion el-
ement QR1 may convert light of a first color, emitted by
the light emitting elements LD, into light of a second color,
and the second color conversion element QR2 may con-
vert light of the first color into light of a third color. For
example, in case that the light emitting elements LD emit
light of a blue color, the first color conversion element
QR1 may be a first color quantum rod (or a green quan-
tum rod) for converting light of a blue color into light of a
green color, and the second color conversion element
QR2 may be a second color quantum rod (or a red quan-
tum rod) for converting light of a blue color into light of a
red color. In this case, the light of a blue color may be
emitted from the first sub-pixel area SPA1, light in green
may be emitted from the second sub-area SPA2, and
light of a red color may be emitted from the third sub-
area SPA3. Therefore, a full color pixel PXL may be im-
plemented.
[0104] As described above with reference to FIGS. 4
to 6, the light emitting device EU (or the pixel PXL) ac-
cording to embodiments of the present disclosure may
include rod-type light emitting elements LD and rod-type
color conversion elements QR1 and QR2 (or quantum
rods), but the second alignment direction of the color con-
version elements QR1 and QR2 may be substantially
identical or aligned with the first alignment direction of
the light emitting elements LD. In this case, light linearly
polarized by the rod-type light emitting elements LD may
be maximally absorbed in the color conversion elements
QR1 and QR2 arranged in the same direction, and thus
the emission efficiency of the light emitting device EU
may be maximized.
[0105] FIG. 7 is a view illustrating an example of the
color conversion element included in the light emitting
device of FIG. 4. In embodiments, the color conversion
element QR may be a quantum rod.
[0106] Referring to FIG. 7, the color conversion ele-
ment QR may include a core CORE and a shell SHELL.
[0107] The core CORE of the color conversion element
QR may have a shape corresponding to any one of a
sphere, an elliptical sphere, a polyhedron, and a rod.
[0108] The shell SHELL may enclose the core CORE,
and may have a form having a major axis and a minor
axis. The ratio of the minor axis (or diameter D) to the

major axis (or length L) of the shell SHELL may range
from about 1:1.1 to about 1:30. In case that the color
conversion element QR is cut in the direction of the minor
axis, a cut surface of the shell SHELL may have a shape
corresponding to any one of a circle, an ellipse, and a
polygon.
[0109] In an embodiment, the length L of the color con-
version element QR may be substantially identical to or
less than the length of the light emitting elements LD. As
will be described below, the color conversion element
QR may be arranged in response to an electric field
formed between the first and second common electrodes
AELT1 and AELT2. In case that the length L of the color
conversion element QR is less than or equal to the length
of the light emitting elements LD (or an interval between
the first and second common electrodes AELT1 and
AELT2), the arrangement efficiency of the color conver-
sion element QR (e.g., the ratio of color conversion ele-
ments QR arranged in a desired second alignment direc-
tion ADR2) may be improved.
[0110] In embodiments, the shell SHELL may have a
single layer or multi-layer structure. The shell may be
formed of an alloy, an oxide-based material or a material
doped with impurities.
[0111] The core CORE may be made of a material cor-
responding to Groups II-VI, III-V, VI-IV or IV semiconduc-
tors in a periodic table, or an alloy or mixture thereof. For
example, in case that the core CORE of the color con-
version element QR is made of a Group II-VI material,
the core CORE of the color conversion element QR may
be made of a material corresponding to any one of CdSe,
CdS, CdTe, ZnO, ZnSe, ZnS, ZnTe, HgSe, HgTe, and
CdZnSe, or a mixture of two or more thereof. In another
example, when the core CORE of the color conversion
element QR is made of a Group III-V material, the core
CORE of the color conversion element QR may be made
of a material corresponding to any one of InP, InN, GaN,
InSb, InAsP, InGaAs, GaAs, GaP, GaSb, AlP, AlN, AlAs,
AlSb, or a mixture of two or more thereof. In a further
embodiment, in case that the core CORE of the color
conversion element QR is made of a Group VI-IV mate-
rial, the core CORE of the color conversion element QR
may be made of a material corresponding to any one of
PbSe, PbTe, PbS, PbSnTe, Tl2SnTe5, or a mixture of
two or more thereof.
[0112] Even if the core CORE is formed of the same
material, the fluorescent wavelength of the color conver-
sion element QR may change depending on the size of
the core CORE. For example, as the size of the core
CORE is smaller, light having a shorter wavelength may
be emitted, and as the size of the core CORE is greater,
light having a longer wavelength may be emitted.
[0113] In embodiments, in case that no an electric field
is applied to the color conversion element QR, electrons
and holes may be kept comobined with each other in the
core CORE. in case that an electric field is applied to the
color conversion element QR, electrons and holes may
be spatially separated from each other either in the core
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CORE or between the core CORE and the shell SHELL,
thereby resulting in polarization in the color conversion
element QR. That is, in case that the color conversion
element QR is located in the electric field, the color con-
version element QR may be aligned or arranged in a
specific direction depending on the polarization of the
color conversion element QR and the direction of the
electric field.
[0114] FIGS. 8 and 9 are views for explaining emission
efficiency depending on an alignment relationship be-
tween light emitting elements and color conversion ele-
ments included in the light emitting device of FIG. 4. FIG.
8 illustrates an angle ANG (or an arrangement angle) of
the second alignment direction ADR2 of the color con-
version elements QR with respect to the first alignment
direction ADR1 of the light emitting elements LD. FIG. 9
illustrates the amount of light absorbed in each color con-
version element QR (or intensity of light emitted from the
color conversion element QR) depending on the angle
of the second alignment direction ADR2 of the color con-
version element QR.
[0115] First, referring to FIG. 8, the light emitting ele-
ments LD included in a light emitting element layer LDL
may be aligned in the first alignment direction ADR1, and
the color conversion elements QR included in a color
conversion layer CCL may be aligned in the second align-
ment direction ADR2. The angle ANG may be an angle
of the second alignment direction ADR2 with respect to
the first alignment direction ADR1.
[0116] In embodiments, the second alignment direc-
tion ADR2 of the color conversion elements QR may form
an acute angle of about 30 or less degrees with respect
to the first alignment direction ADR1 of the light emitting
elements LD, or may be parallel to the first alignment
direction ADR1. For example, the angle ANG may have
a range from about 0 to about 30 degrees. For example,
the second alignment direction ADR2 may form an acute
angle of about 15 or less degrees with respect to the first
alignment direction ADR1. In another example, the sec-
ond alignment direction ADR2 may be parallel to the first
alignment direction ADR1.
[0117] Referring to FIG. 9, the light absorbed in the
color conversion elements QR (or the light emitted from
the color conversion elements QR) may be changed to
the form of a sine wave depending on the angle ANG
between the light emitting elements LD and the color con-
version elements QR. Accordingly, as the angle ANG
between the light emitting elements LD and the color con-
version elements QR becomes closer to about 0, the
amount of light absorbed in the color conversion ele-
ments QR may be increased, and the intensity of light
emitted from the color conversion elements QR may be
increased.
[0118] Therefore, in case that the angle ANG between
the light emitting elements LD and the color conversion
elements QR is less than or equal to a specific value, the
emission efficiency (or color conversion efficiency) of the
color conversion elements QR may be greatly improved.

Also, the light emitted from the color conversion elements
QR may be light polarized in the same direction as the
light emitted from the light emitting elements LD. There-
fore, the light emitting device EU (see FIG. 4) enabling
the output of polarized light may maximize the efficiency
of a black polarizing film that is additionally attached
thereto, and may allow a high-contrast display device to
be implemented.
[0119] FIGS. 10a to 10h are views for explaining a
process of manufacturing the light emitting device of FIG.
4.
[0120] Referring to FIGS. 4 and 10a, first and second
common electrodes AELT1 and AELT2 (or a common
electrode layer AEL) may be formed on a substrate SUB
(or in a sub-pixel area SPA of the substrate SUB).
[0121] The area and shape of the substrate SUB are
not limited, and may vary in consideration of the area of
the first and second common electrodes AELT1 and
AELT2 to be formed on the substrate SUB, the size of
the light emitting elements LD and the number of light
emitting elements LD to be mounted, or the like. The
thickness of the substrate SUB may be about 100 mm to
about 1 mm. The area of the first and second common
electrodes AELT1 and AELT2 (or a unit electrode area)
may be about 10 mm2 to about 100 cm2.
[0122] Thereafter, as illustrated in FIG. 10b, a first in-
sulating layer INS1 may be formed on the second com-
mon electrodes AELT1 and AELT2.
[0123] In an embodiment, the first insulating layer INS1
may be formed by any one of plasma enhanced chemical
vapor deposition (PECVD), e-beam deposition, atomic
layer deposition, and sputtering deposition, but the
present disclosure is not limited thereto.
[0124] The first insulating layer INS1 may include at
least one material selected from among SiO2, Si3N4,
SiNx, Al2O3, HfO2, Y2O3, and TiO2. Also, the first insu-
lating layer INS1 may have a thickness of about 1 nm to
about 100 mm, which may vary in accordance the voltage
(e.g., an alignment voltage) of a power supply applied to
the first and second common electrodes AELT1 and
AELT2, the length of the light emitting elements LD, a
distance between the first and second common elec-
trodes AELT1 and AELT2, or the like.
[0125] Thereafter, as illustrated in FIG. 10c, the light
emitting elements LD may be provided in a diffused form
in a first solution SOL1, and may be provided on the first
insulating layer INS1.
[0126] The first solution SOL1 may be manufactured
by mixing the light emitting elements LD with a dispersion
solvent. The dispersion solvent may be the form of ink
or paste, and the solvent may be, as a volatile solvent,
at least one selected from among acetone, water, alco-
hol, and toluene. However, the type of dispersion solvent
is not limited to the above-described type, and any type
of solvent may be used without limitation as long as the
solvent may be readily evaporated without exerting phys-
ical and chemical influences on the light emitting ele-
ments LD. The first solution SOL1 may include 0.001 to
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100 weight % of the light emitting elements LD, based
on the total weight of the dispersion solvent. In case that
the first solution SOL1 includes light emitting elements
LD corresponding to less than 0.001 weight %, the
number of light emitting elements LD coupled to the elec-
trodes (e.g., first and second electrodes ELT1 and ELT2)
may be small. In contrast, in case that the first solution
SOL1 includes light emitting elements LD corresponding
to more than 100 weight %, the alignment of the light
emitting elements LD may be interrupted.
[0127] Therefore, as illustrated in FIG. 10d, in case that
a predetermined voltage is supplied to the first and sec-
ond common electrodes AELT1 and AELT2, an electric
field may be formed between the first and second com-
mon electrodes AELT1 and AELT2, and the light emitting
elements LD may be self-aligned between the first and
second common electrodes AELT1 and AELT2 in a plan
view. In case that the light emitting elements LD have
been aligned, the solvent may be volatilized or removed
using other additional methods, and thus the light emit-
ting elements LD may be stably arranged on the first in-
sulating layer INS1.
[0128] For example, in case that a first voltage V1 is
supplied between the first and second common elec-
trodes AELT1 and AELT2, an electric field may be formed
between the first and second common electrodes AELT1
and AELT2, and thus polarization may occur in the light
emitting elements LD. Accordingly, the light emitting el-
ements LD may be arranged with an orientation tendency
by an electrostatic attraction between adjacent common
electrodes. When the first common electrode AELT1 is
a positive pole and the second common electrode AELT2
is a negative pole, first ends of the light emitting elements
LD, having negative charges, may be disposed on the
first insulating layer INS1 in accordance with the position
of the first common electrode AELT1, and second ends
thereof having positive charges, may be disposed on the
first insulating layer INS1 in accordance with the position
of the second common electrode AELT2.
[0129] In embodiments, the first voltage V1 may have
a voltage level of about 0.1 V to about 2000 V. In case
that the voltage level of the first voltage V1 is less than
0.1 V, the alignment efficiency of the light emitting ele-
ments LD may be deteriorated. In case that the voltage
level of the first voltage V1 is greater than 2000 V, the
first insulating layer INS1 may be broken, and thus a leak-
age current, an electrical short-circuit, or an electrode
damage may occur. Also, the frequency of the first volt-
age V1 may range from about 10 Hz to about 100 GHz,
and the first voltage V1 may be, for example, a sine wave
having a frequency of about 90 kHz to about 100 MHz.
In case that the frequency is less than 10 Hz, the number
of light emitting elements LD that are mounted may be
greatly decreased, and the orientation of the light emitting
elements LD may be very irregular. In case that the fre-
quency is greater than 100 GHz, the light emitting ele-
ments LD may not adapt to rapidly changing AC power,
and thus the mountability of the light emitting elements

LD may be decreased, and orientation tendency may al-
so be decreased.
[0130] Thereafter, as illustrated in FIG. 10e, a first elec-
trode ELT1 and a second electrode ELT2 may be respec-
tively formed on the opposite ends of each of the light
emitting elements LD. The light emitting elements LD
may be stably coupled between the first and second elec-
trodes ELT1 and ELT2. A process of forming the first and
second electrodes ELT1 and ELT2 will be described be-
low with reference to FIGS. 11a to 11e.
[0131] Thereafter, as illustrated in FIG. 10f, a second
insulating layer INS2 may be formed on the light emitting
element layer LDL (i.e., the first insulating layer INS1,
the light emitting elements LD, and the first and second
electrodes ELT1 and ELT2). A method of forming the
second insulating layer INS2 may be substantially iden-
tical or similar to the method of forming the first insulating
layer INS1.
[0132] Thereafter, as illustrated in FIG. 10g, color con-
version elements QR may be provided in a diffused form
in a second solution SOL2 and may be provided on the
second insulating layer INS2. For example, a first color
conversion element QR1 may be provided on the second
insulating layer INS2 in the second sub-pixel area SPA2
(see FIG. 4), and a second color conversion element QR2
may be provided on the second insulating layer INS2 in
the third sub-pixel area SPA3 (see FIG. 4).
[0133] Therefore, as illustrated in FIG. 10h, when a
first voltage V1 is supplied to the first and second com-
mon electrodes AELT1 and AELT2, an electric field may
be formed between the first and second common elec-
trodes AELT1 and AELT2, and then the color conversion
elements QR (e.g., the first color conversion elements
QR1) may be self-aligned between the first and second
common electrodes AELT1 and AELT2 in a plan view.
Thereafter, although not illustrated, a separate conduc-
tive layer (or an overcoat layer) may be formed on the
second insulating layer INS2, and may cover the color
conversion elements QR.
[0134] Meanwhile, although FIGS.10g and 10h illus-
trate that the color conversion elements QR are sequen-
tially provided and aligned, the present disclosure is not
limited thereto. For example, the color conversion ele-
ments QR may be simultaneously provided and aligned.
For example, the first color conversion elements QR1
may be simultaneously provided and aligned in a second
sub-pixel area SPA2, and the second color conversion
elements QR2 may be simultaneously provided and
aligned in a third sub-pixel area SPA3.
[0135] FIGS. 11a to 11e are views for explaining a
process of forming first and second electrodes of FIG.
10e. FIGS. 11a to 11e illustrate as a common electrode
layer AEL, a configuration (e.g., a substrate SUB, an ad-
ditional light emitting element layer, etc.) disposed under
the first and second electrodes ELT1 and ELT2.
[0136] First, referring to FIGS. 10e and 11a, a common
electrode layer AEL having one surface on which light
emitting elements LD are aligned may be provided.
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[0137] As illustrated in FIG. 11b, the common electrode
layer AEL may be coated with a photoresist, or in another
example, a photoresist layer PR may be formed on the
common electrode layer AEL. The photoresist layer PR
may include a photoresist that is used in the art. The
common electrode layer AEL may be coated with a pho-
toresist by one of spin coating, spray coating, and screen
printing. The thickness of the photoresist layer PR may
be changed in consideration of the thickness of the first
and second electrodes ELT1 and ELT2 to be formed on
the common electrode layer AEL, and may be, for exam-
ple, about 0.1 mm to about 10 mm. However, the present
disclosure is not limited thereto.
[0138] Thereafter, as illustrated in FIG. 11c, a mask
MASK in which a pattern corresponding to the first and
second electrodes ELT1 and ELT2 is printed may be dis-
posed on the photoresist layer PR, and the top of the
mask MASK may be exposed to ultraviolet rays (or ultra-
violet radiation).
[0139] Thereafter, as illustrated in FIG. 11d, the pho-
toresist layer PR may be immersed in a typical photore-
sist solvent, and thus an exposed portion of the photore-
sist layer PR may be removed. For example, the portion
of the photoresist layer PR, in which the first and second
electrodes ELT1 and ELT2 are to be formed, may be
removed.
[0140] Thereafter, as illustrated in FIG. 11e, an elec-
trode forming material may be deposited on the photore-
sist layer PR. The electrode forming material may be the
same as the material forming the first and second elec-
trodes ELT1 and ELT2.
[0141] After the electrode forming material has been
deposited, the photoresist layer PR formed on the com-
mon electrode layer AEL may be removed using a pho-
toresist remover. Here, the photoresist remover may be
any one of acetone, N-methyl pyrrolidone (1-Methyl-2-
pyrrolidone (NMP)), and dimethyl sulfoxide (DMSO).
[0142] As the photoresist layer PR is removed, first and
second electrodes ELT1 and ELT2 may be formed on
the common electrode layer AEL.
[0143] Meanwhile, although it is illustrated in FIGS. 11a
to 11e that the first and second electrodes ELT1 and
ETL2 are manufactured, the present disclosure is not
limited thereto. The manufacturing method in FIGS. 11a
to 11e may also be applied to first and second common
electrodes AELL1 and AELT2. That is, the first and sec-
ond common electrodes AELL1 and AELT2 and the first
and second electrodes ELT1 and ELT2 may be formed
using the same manufacturing method.
[0144] FIG. 12 is a plan view illustrating a display de-
vice according to an embodiment of the present disclo-
sure. In an embodiment, FIG. 12 illustrates a display de-
vice, especially, a display panel PNL provided in the dis-
play device, as an example device that may use the light
emitting elements LD, described with reference to FIGS.
1a to 3b, or the light emitting device EU, described with
reference to FIG. 4, as a light source. In an embodiment,
FIG. 12 schematically illustrates the structure of the dis-

play panel PNL, focusing on a display area DA. However,
in some embodiments, at least one driving circuit (e.g.,
at least one of a scan driver and a data driver), which is
not illustrated, and/or a plurality of lines may be further
provided on the display panel PNL.
[0145] Referring to FIG. 12, the display panel PNL may
include a first substrate SUB1 and pixels PXL arranged
on the first substrate SUB1. In detail, the display panel
PNL and the first substrate SUB1 may include a display
area DA in which an image is displayed, and a non-dis-
play area NDA other than the display area DA.
[0146] In an embodiment, the display area DA may be
disposed in a central portion of the display panel PNL,
and the non-display area NDA may be disposed along a
perimeter portion of the display panel PNL to enclose the
display area DA. However, the positions of the display
area DA and the non-display area NDA are not limited
thereto, and may be changed.
[0147] The first substrate SUB1 may form a base mem-
ber of the display panel PNL. For example, the first sub-
strate SUB1 may form a base member of a lower panel
(e.g., a lower plate of the display panel PNL). Since the
first substrate SUB1 is substantially identical or similar
to the substrate SUB, described above with reference to
FIG. 4, repetitive descriptions thereof will be omitted.
[0148] An area on the first substrate SUB1 may be de-
fined as the display area DA in which the pixels PXL are
disposed, and the remaining area thereof may be defined
as the non-display area NDA. For example, the first sub-
strate SUB may include the display area DA including a
plurality of pixel areas in which the pixels PXL are formed,
and the non-display area NDA disposed around the dis-
play area DA. Various lines and/or internal circuits which
are coupled to the pixels PXL of the display area DA may
be disposed in the non-display area NDA.
[0149] Each pixel PXL may include at least one light
emitting element LD driven in response to the corre-
sponding scan signal and the corresponding data signal,
for example, at least one rod-type light emitting diode
according to any one of the embodiments in FIGS. 1a to
3b. The plurality of rod-type light emitting diodes may
form a light source of the pixel PXL.
[0150] Further, the pixel PXL may include a plurality of
sub-pixels. For example, the pixel PXL may include a
first sub-pixel SPX1, a second sub-pixel SPX2, and a
third sub-pixel SPX3. In an embodiment, the first, second
and third sub-pixels SPX1, SPX2, and SPX3 may emit
light of different colors. In an example, the first sub-pixel
SPX1 may be a blue sub-pixel which emits light of a red
color, the second sub-pixel SPX2 may be a green sub-
pixel which emits light of a green color, and the third sub-
pixel SPX3 may be a blue sub-pixel which emits light of
a blue color. However, the colors, types, and/or numbers
of sub-pixels forming the pixel PXL are not particularly
limited, and in an example, the colors of light emitted from
respective sub-pixels may be changed in various man-
ners. Further, although, FIG. 12 illustrates an embodi-
ment in which the pixels PXL are arranged in the form of
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stripes in the display area DA, the present disclosure is
not limited thereto. For example, the pixels PXL may be
arranged in the form of various pixel arrays.
[0151] In an embodiment, the pixels PXL may be
formed as active pixels. However, the types, structures,
and/or driving schemes of the pixels PXL usable in the
display device according to the present disclosure are
not limited to particular types, structures, and/or driving
schemes. For example, each pixel PXL may be formed
as a pixel of display devices having various well-known
passive or active structures.
[0152] FIGS. 13a to 13c are circuit diagrams illustrating
examples of a sub-pixel included in the display device of
FIG. 12. In FIGS. 13a to 13c, any one of the first, second,
and third sub-pixels SPX1, SPX2, and SPX3 illustrated
in FIG. 12 is illustrated. In FIGS. 13a to 13c, different
embodiments of the sub-pixel SPX that may be provided
in an active display device (e.g., an active light emitting
display device) are illustrated.
[0153] For example, the sub-pixel SPX illustrated in
FIGS. 13a to 13c may be any one of the first, second,
and third sub-pixels SPX1, SPX2, and SPX3 provided in
the display panel PNL of FIG. 12, and the first, second,
and third sub-pixels SPX1, SPX2, and SPX3 may have
a substantially identical or similar structure. Therefore,
in FIGS. 13a to 13c, the first, second and third sub-pixels
SPX1, SPX2, and SPX3 may be referred to as a sub-
pixel SPX.
[0154] First, referring to FIG. 13a, the sub-pixel SPX
may include an emission unit LSU and a pixel circuit PXC
for driving the emission unit LSU.
[0155] In an embodiment, the emission unit LSU may
include a plurality of light emitting elements LD coupled
in parallel to each other between first and second power
supplies VDD and VSS. Here, the first and second power
supplies VDD and VSS may have different potentials.
For example, the first power supply VDD may be set as
a high-potential power supply, and the second power
supply VSS may be set as a low-potential power supply.
Here, a potential difference between the first and second
power supplies VDD and VSS may be set to a threshold
voltage or more of the light emitting elements LD during
at least a light emitting period of the sub-pixel SPX.
[0156] Meanwhile, although it is illustrated in FIG. 13a
that the light emitting elements LD are coupled in parallel
to each other in the same direction (e.g., a forward direc-
tion) between the first power supply VDD and the second
power supply VSS, the present disclosure is not limited
thereto. For example, some of the light emitting elements
LD may be coupled to each other in a forward direction
between the first and second power supplies VDD and
VSS, and other light emitting elements LD may be cou-
pled to each other in a reverse direction. In another ex-
ample, at least one sub-pixel SPX may include only a
single light emitting element LD.
[0157] In an embodiment, first ends of respective light
emitting elements LD may be coupled in common to the
corresponding pixel circuit PXC through the first elec-

trode, and may be coupled to the first power supply VDD
through the pixel circuit PXC. Second ends of respective
light emitting elements LD may be coupled in common
to the second power supply VSS through the second
electrode.
[0158] The emission unit LSU may emit light with lu-
minance corresponding to a driving current supplied
thereto through the corresponding pixel circuit PXC.
Thereby, a predetermined image may be displayed in
the display area DA.
[0159] The pixel circuit PXC may be coupled to a scan
line Si and a data line Dj of the corresponding sub-pixel
SPX. For example, when the sub-pixel SPX is disposed
in an i-th row and a j-th column of the display area DA,
the pixel circuit PXC of the sub-pixel SPX may be coupled
to the i-th scan line Si and the j-th data line Dj of the
display area DA. The pixel circuit PXC may include first
and second transistors T1 and T2, and a storage capac-
itor Cst.
[0160] The first transistor T1 (or a driving transistor)
may be coupled between the first power supply VDD and
the first electrode of the emission unit LSU. A gate elec-
trode of the first transistor T1 is coupled to a first node
N1. The first transistor T1 may control the driving current
that is supplied to the emission unit LSU in response to
the voltage of the first node N1.
[0161] The second transistor T2 (or switching transis-
tor) may be coupled between the data line Dj and the first
node N1. A gate electrode of the second transistor T2
may be coupled to the scan line Si.
[0162] In case that a scan signal having a gate-on volt-
age (e.g., a low voltage) is supplied thereto from the scan
line Si, the second transistor T2 is turned on to connect
the data line Dj and the first node N1 to each other. During
each frame period, a data signal of a corresponding frame
may be supplied to the data line Dj, and may be trans-
mitted to the first node N1 via the second transistor T2.
Thereby, a voltage corresponding to the data signal may
be charged in the storage capacitor Cst.
[0163] A first electrode of the storage capacitor Cst
may be coupled to the first power supply VDD, and a
second electrode thereof may be coupled to the first node
N1. The storage capacitor Cst may store a voltage cor-
responding to the data signal supplied to the first node
N1 during each frame period, and may maintain the
stored voltage until a data signal of a subsequent frame
is supplied thereto.
[0164] Although, in FIG. 13a, all of the transistors, e.g.,
the first and second transistors T1 and T2, included in
the pixel circuit PXC have been illustrated as being P-
type transistors, the present disclosure is not limited
thereto. In other words, at least one of the first and second
transistors T1 and T2 may be changed to an N-type tran-
sistor.
[0165] For example, as shown in FIG. 13b, both the
first and second transistors T1 and T2 may be N-type
transistors. The sub-pixel SPX illustrated in FIG. 13b may
have a configuration and an operation substantially sim-
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ilar to those of the pixel circuit PXC of FIG. 13a, except
that the connection positions of some circuit elements
are changed depending on a change in a transistor type.
Therefore, a description of the sub-pixel SPX of FIG. 13b
will be omitted.
[0166] Meanwhile, the structure of the pixel circuit PXC
is not limited to those in the embodiments illustrated in
FIGS. 13a and 13b. That is, the pixel circuit PXC may be
formed as pixel circuits having various well-known struc-
tures and/or driving schemes. In an example, the pixel
circuit PXC may be formed as in the embodiment illus-
trated in FIG. 13c.
[0167] Referring to FIG. 13c, the pixel circuit PXC may
be further coupled to at least one additional scan line (or
control line) in addition to a scan line Si for a correspond-
ing horizontal line. For example, a pixel circuit PXC of a
sub-pixel SPX arranged in an i-th row of a display area
DA may be further coupled to an (i-1)-th scan line Si-1
and/or an (i+1)-th scan line Si+1. Further, in an embod-
iment, the pixel circuit PXC may be further coupled to
other power supplies in addition to the first and second
power supplies VDD and VSS. For example, the pixel
circuit PXC may also be coupled to an initialization power
supply Vint. In an embodiment, the pixel circuit PXC may
include first to seventh transistors T1 to T7 and a storage
capacitor Cst.
[0168] The first transistor T1 may be coupled between
the first power supply VDD and a first electrode of the
emission unit LSU. A gate electrode of the first transistor
T1 may be coupled to a first node N1. The first transistor
T1 may control a driving current that is supplied to the
emission unit LSU in response to the voltage of the first
node N1.
[0169] The second transistor T2 may be coupled be-
tween a data line Dj and a first electrode of the first tran-
sistor T1. A gate electrode of the second transistor T2
may be coupled to a corresponding scan line Si. In case
that a scan signal having a gate-on voltage is supplied
to the second transistor T2 from the scan line Si, the
second transistor T2 may be turned on to electrically con-
nect the data line Dj to the first electrode of the first tran-
sistor T1. Therefore, in case that the second transistor
T2 is turned on, a data signal supplied from the data line
Dj may be transmitted to the first transistor T1.
[0170] The third transistor T3 may be coupled between
a second electrode of the first transistor T1 and the first
node N1. A gate electrode of the third transistor T3 may
be coupled to the corresponding scan line Si. In case that
a scan signal having a gate-on voltage is supplied to the
third transistor T3 from the scan line Si, the third transistor
T3 may be turned on to electrically connect the first tran-
sistor T1 in the form of a diode.
[0171] The fourth transistor T4 may be coupled be-
tween the first node N1 and the initialization power supply
Vint. A gate electrode of the fourth transistor T4 may be
coupled to a previous scan line, for example, the (i-1)-th
scan line Si-1. In case that a scan signal having a gate-
on voltage is supplied to the (i-1)-th scan line Si-1, the

fourth transistor T4 may be turned on to transmit the volt-
age of the initialization power supply Vint to the first node
N1. Here, the voltage of the initialization power supply
Vint may be less than or equal to the lowest voltage of
the data signal.
[0172] The fifth transistor T5 may be coupled between
the first power supply VDD and the first transistor T1. A
gate electrode of the fifth transistor T5 may be coupled
to a corresponding emission control line, e.g., an i-th
emission control line Ei. The fifth transistor T5 may be
turned off in case that an emission control signal having
a gate-off voltage (e.g., a high voltage) is supplied to the
emission control line Ei, and may be turned on in other
cases.
[0173] The sixth transistor T6 may be coupled between
the first transistor T1 and the first electrode of the emis-
sion unit LSU. A gate electrode of the sixth transistor T6
may be coupled to the corresponding emission control
line, e.g., the i-th emission control line Ei. The sixth tran-
sistor T6 may be turned off in case that an emission con-
trol signal having a gate-off voltage is supplied to the
emission control line Ei, and may be turned on in other
cases.
[0174] The seventh transistor T7 may be coupled be-
tween the first electrode of the emission unit LSU and
the initialization power supply Vint. A gate electrode of
the seventh transistor T7 may be coupled to any one of
scan lines in a subsequent stage, e.g., an (i+1)-th scan
line Si+1. In case that a scan signal having a gate-on
voltage is supplied to the (i+1)-th scan line Si+1, the sev-
enth transistor T7 may be turned on to supply the voltage
of the initialization power supply Vint to the first electrode
of the emission unit LSU.
[0175] The storage capacitor Cst may be coupled be-
tween the first power supply VDD and the first node N1.
The storage capacitor Cst may store a voltage corre-
sponding to the data signal supplied to the first node N1
and the threshold voltage of the first transistor T1 during
each frame period.
[0176] Although, in FIG. 13c, the transistors, e.g., the
first to seventh transistors T1 to T7, included in the pixel
circuit PXC are P-type transistors, the present disclosure
is not limited thereto. For example, at least one of the
first to seventh transistors T1 to T7 may be changed to
an N-type transistor. Also, in this case, the voltage level
of a control signal (e.g., a scan signal and/or a data signal)
for controlling at least one of the first to seventh transis-
tors T1 to T7 may be changed.
[0177] Further, the structure of the sub-pixel SPX us-
able in the present disclosure is not limited to those in
the embodiments illustrated in FIGS. 13a to 13c, and the
sub-pixel SPX may have various well-known structures.
For example, the pixel circuit PXC included in the sub-
pixel SPX may be formed as pixel circuits having various
well-known structures and/or driving schemes. Further-
more, in other embodiments of the present disclosure,
the sub-pixel SPX may be provided in a passive light
emitting display device or the like. In this case, the pixel
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circuit PXC may be omitted, and each of first and second
electrodes of the emission unit LSU may be directly cou-
pled to a scan line Si, a data line Dj, a power line and/or
a control line.
[0178] FIGS. 14a and 14b are sectional views illustrat-
ing an example of the display device of FIG. 12.
[0179] First, referring to FIGS. 12 and 14a, the display
device (or a display panel PNL) may include a first sub-
strate SUB, a pixel circuit layer PCL, a common electrode
layer AEL, a light emitting element layer LDL (or a display
element layer), and a color conversion layer CCL. Since
the first substrate SUB, the common electrode layer AEL,
the light emitting element layer LDL, and the color con-
version layer CCL are substantially the same as the sub-
strate SUB, the common electrode layer AEL, the light
emitting element layer LDL, and the color conversion lay-
er CCL, described above with reference to FIGS. 4 to 6,
repeated descriptions thereof will be omitted.
[0180] The pixel circuit layer PCL may be disposed be-
tween the first substrate SUB1 and the light emitting el-
ement layer LDL or between the first substrate SUB1 and
the common electrode layer AEL. The pixel circuit layer
PCL may include a pixel circuit PXC, described above
with reference to FIGS. 13a to 13c.
[0181] In embodiments, the display device may further
include a second substrate SUB2 disposed on the overall
surface of the color conversion layer CCL. The second
substrate SUB2 may be substantially identical or similar
to the substrate SUB, described above with reference to
FIGS. 4 to 6.
[0182] As illustrated in FIG. 14b, when the display de-
vice (or the display panel PNL) includes the second sub-
strate SUB2, the color conversion layer CCL may be
manufactured separately from the light emitting element
layer LDL, and may be coupled or bonded to the light
emitting element layer LDL. For example, the color con-
version layer CCL may be formed on a first surface of
the second substrate SUB2, an upper structure (or an
upper panel) including the color conversion layer CCL
and the second substrate SUB2 may be coupled to a
lower structure (or a lower panel) including the first sub-
strate SUB1 to the light emitting element layer LDL. As
described above with reference to FIGS. 10g and 10h,
separate common electrodes may be disposed on a sec-
ond surface of the second substrate SUB2, color conver-
sion elements may be provided, and a voltage may be
applied to the common electrodes. Therefore, the color
conversion elements may be aligned in a specific direc-
tion (e.g., the foregoing second alignment direction), and
the common electrodes may be removed from the sec-
ond substrate SUB2 after the color conversion elements
are aligned. The upper structure and the lower structure
may be aligned with each other such that the second
alignment direction of the color conversion elements in
the color conversion layer CCL is identical or parallel to
the first alignment direction of the light emitting elements
LD in the light emitting element layer LDL, and the upper
structure may be coupled to the lower structure. That is,

the color conversion layer CCL may be separately man-
ufactured and coupled to the light emitting element layer
LDL without being directly formed on the light emitting
element layer LDL, and the second alignment direction
of the color conversion elements in the color conversion
layer CCL may be substantially identical or parallel to the
first alignment direction of the light emitting elements LD
in the light emitting element layer LDL.
[0183] Meanwhile, although, in FIG. 14b, the display
device (or the display panel PNL) is illustrated as includ-
ing the alignment electrode layer AEL, the alignment
electrode layer AEL may be omitted in some embodi-
ments.
[0184] FIG. 15 is a plan view illustrating an example of
a pixel included in the display device of FIG. 12. FIG. 15
illustrates the structure of a pixel PXL, focusing on a light
emitting element layer LDL and a color conversion layer
CCL of the pixel PXL.
[0185] Referring to FIGS. 12 and 15, the pixel PXL may
be formed in a pixel area PXA defined on a first substrate
SUB. The pixel area PXA may include sub-pixel areas
SPA corresponding to a plurality of sub-pixels SPX form-
ing the pixel PXL.
[0186] For example, the pixel area PXA may include a
first sub-pixel area SPA1 in which a first sub-pixel SPX1
is formed, a second sub-pixel area SPA2 in which a sec-
ond sub-pixel SPX2 is formed, and a third sub-pixel area
SPA3 in which a third sub-pixel SPX3 is formed. Although
not illustrated in FIG. 15, each of the first to third sub-
pixel areas SPA1, SPA2, and SPA3 may include an emis-
sion area in which at least one pair of a first electrode
ELT1 and a second electrode ELT2 and at least one light
emitting element LD coupled between the first and sec-
ond electrodes ELT1 and ELT2 are arranged. Here, the
emission area may be defined by a pixel-defining layer
enclosing the emission area, partition walls, banks (see
FIG. 18), or the like.
[0187] Since the first to third sub-pixels SPX1, SPX2,
and SPX3 are substantially identical or similar to the sub-
pixels SPX1, SPX2, and SPX3 described above with ref-
erence to FIGS. 4 to 6, repeated descriptions thereof will
be omitted.
[0188] In an embodiment, the first, second and third
sub-pixels SPX1, SPX2, and SPX3 may have a substan-
tially identical or similar structure, except for the color
conversion elements QR1 and QR2. Hereinafter, for con-
venience of description, after any one of the first, second,
and third sub-pixels SPX1, SPX2, and SPX3 may be re-
ferred to as a sub-pixel SPX and an area in which the
sub-pixel SPX is formed may be referred to as a sub-
pixel area SPA, and the structure of the sub-pixel SPX
will be described in detail.
[0189] In an embodiment, the first electrode ELT1 may
be coupled to a pixel circuit PXC of the sub-pixel SPX,
e.g., the pixel circuit PXC illustrated in any one of FIGS.
13a to 13c, through a first contact hole CH1. In an em-
bodiment, the first contact hole CH1 may be disposed
outside the emission area of each sub-pixel SPX.
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[0190] In an embodiment, the pixel circuit PXC may be
disposed under the light emitting elements LD arranged
in a corresponding sub-pixel area SPA. For example,
each pixel circuit PXC may be formed in a pixel circuit
layer (or a circuit element layer including circuit elements,
such as transistors) under the light emitting elements LD,
and may be coupled to the first electrode ELT1 through
the first contact hole CH1.
[0191] In an embodiment, the second electrode ELT2
may be coupled to a second power supply VSS (see FIG.
13a). For example, the second electrode ELT2 may be
coupled to the second power supply VSS through a sec-
ond contact hole CH2 and a power line (not illustrated)
coupled thereto. Similarly to the first contact hole CH1,
the second contact hole CH2 may be disposed outside
the emission area of each sub-pixel SPX, but the present
disclosure is not limited thereto.
[0192] In an embodiment, an area of a power line for
supplying the second power supply VSS may be dis-
posed in a pixel circuit layer under the light emitting ele-
ments LD. For example, the power line may be disposed
in the pixel circuit layer PCL (see FIG. 14a) under the
light emitting elements LD, and may be coupled to the
second electrode ELT2 through the second contact hole
CH2. However, the present disclosure is not limited
thereto, and the position of the power line may be
changed in various manners.
[0193] In embodiments, all of the light emitting ele-
ments LD may be blue light emitting diodes which emit
light of a blue color. In this case, in order to configure a
full-color pixel PXL, a first color conversion element QR1
(e.g., a green quantum rod for converting blue light into
green light) may be disposed on the top of the second
sub-pixel SPX2, and a second color conversion element
QR2 (e.g., a red quantum rod for converting blue light
into red light) may be disposed on the top of the third
sub-pixel SPX3.
[0194] As described above, each of the first and sec-
ond color conversion elements QR1 and QR2 may have
a rod-like shape, and may be disposed between first and
second electrodes ELT1 and ELT2 of the corresponding
sub-pixel area SPX, and in an example, most of first and
second color conversion elements QR1 and QR2 may
be disposed between the first and second electrodes
ELT1 and ELT2 of the corresponding sub-pixel area SPX.
Further, the second alignment direction ADR2 of the first
and second color conversion elements QR1 and QR2
may be identical to or substantially the same as the first
alignment direction ADR1 of the light emitting elements
LD arranged in the corresponding sub-pixel area SPX.
[0195] FIG. 16a is a sectional view illustrating an ex-
ample of the pixel taken along line II-II’ of FIG. 15. In FIG.
16a, an example of the pixel included in the display device
of FIG. 14a is illustrated.
[0196] Referring to FIGS. 14a, 15, and 16a, a pixel
circuit layer PCL, a common electrode layer AEL, a light
emitting element layer LDL, and a color conversion layer
CCL may be sequentially arranged in a pixel area SPA

on a first substrate SUB1. The common electrode layer
AEL, the pixel circuit layer PCL, and the light emitting
element layer LDL may be formed on the entire display
area DA of the display panel PNL.
[0197] The pixel circuit layer PCL may include circuit
elements forming the pixel circuit PXC of the pixel PXL.
[0198] For example, the pixel circuit layer PCL may
include a plurality of transistors, e.g., first transistors T1
of FIGS. 13a and 13b, arranged in the pixel area PXA.
Although not illustrated in FIG. 16a, the pixel circuit layer
PCL may include a storage capacitor Cst arranged in the
pixel area PXL, various types of signal lines (e.g., a scan
line Si and a data line Dj of FIGS. 13a and 13b) coupled
to the pixel circuit PXC, and various types of power lines
(e.g., a first power line and a second power line for re-
spectively transmitting the first power supply VDD and
the second power supply VSS) coupled to the pixel circuit
PXC and/or the light emitting elements LD.
[0199] In an embodiment, the pixel circuit layer may
have a sectional structure substantially identical or sim-
ilar to that of the plurality of transistors provided in the
pixel circuit PXC, for example, the first transistor T1. How-
ever, the present disclosure is not limited thereto, and in
other embodiments, at least some of the plurality of tran-
sistors may have different types and/or structures.
[0200] Further, the pixel circuit layer PCL may include
a plurality of insulating layers. For example, the pixel cir-
cuit layer PCL may include a buffer layer BFL, a gate
insulating layer GI, an interlayer insulating layer ILD, and
a passivation layer PSV which are sequentially stacked
each other on a surface of the substrate SUB.
[0201] In an embodiment, the buffer layer BFL may
prevent impurities from being diffused to circuit elements.
The buffer layer BFL may be formed in a single layer
structure, but may be formed in a multi-layer structure
having two or more layers. In case that the buffer layer
BFL is formed in a multi-layer structure, the respective
layers may be formed of the same material or different
materials. Meanwhile, in embodiments, the buffer layer
BFL may be omitted.
[0202] In an embodiment, the first transistor T1 may
include a semiconductor layer SCL, a gate electrode GE,
a first transistor electrode ET1, and a second transistor
electrode ET2. Meanwhile, in an embodiment, although,
FIG. 16a illustrates the first transistor T1 has the first
transistor electrode ET1 and the second transistor elec-
trode ET2 formed separately from the semiconductor lay-
er SCL, the present disclosure is not limited thereto. For
example, in an embodiment of the present disclosure,
first and/or second transistor electrodes ET1 and ET2
provided in at least one transistor arranged in the pixel
area PXL may be integral with respective semiconductor
layers SCL.
[0203] The semiconductor layer SCL may be disposed
on the buffer layer BFL. For example, the semiconductor
layer SCL may be disposed between the substrate SUB
on which the buffer layer BFL is formed and the gate
insulating layer GI. The semiconductor layer SCL may
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include a first region contacting the first transistor elec-
trode ET1, a second region contacting the second tran-
sistor electrode ET2, and a channel region disposed be-
tween the first and second regions. In an embodiment,
one of the first and second regions may be a source re-
gion and the other thereof may be a drain region.
[0204] In an embodiment, the semiconductor layer
SCL may be a semiconductor pattern formed of polysil-
icon, amorphous silicon, an oxide semiconductor, or the
like. Also, the channel region of the semiconductor layer
SCL may be an intrinsic semiconductor as a semicon-
ductor pattern undoped with impurities, and the first and
second regions of the semiconductor layer SCL may be
semiconductor patterns doped with predetermined im-
purities.
[0205] The gate electrode GE may be disposed on the
semiconductor layer SCL with the gate insulating layer
GI interposed therebetween. For example, the gate elec-
trode GE may be disposed between the gate insulating
layer GI and the interlayer insulating layer ILD so as to
overlap at least a portion of the semiconductor layer SCL.
[0206] The first and second transistor electrodes ET1
and ET2 may be disposed on the semiconductor layer
SCL and the gate electrode GE with at least one interlayer
insulating layer IDL interposed therebetween. For exam-
ple, the first and second transistor electrodes ET1 and
ET2 may be interposed between the interlayer insulating
layer ILD and the passivation layer PSV. The first and
second transistor electrodes ET1 and ET2 may be elec-
trically coupled to the semiconductor layer SCL. For ex-
ample, the first and second transistor electrodes ET1 and
ET2 may be respectively coupled to the first region and
the second region of the semiconductor layer SCL
through contact holes passing through the gate insulating
layer GI and the interlayer insulating layer ILD.
[0207] Meanwhile, in an embodiment, any one of the
first and second transistor electrodes ET1 and ET2 of at
least one transistor (e.g., the first transistor T1 illustrated
in FIG. 13a and 13b) provided in the pixel circuit PXC
may be electrically coupled to a bridge electrode
ELT_BRP disposed on the top of the passivation layer
PSV through the first contact hole CH1 passing through
the passivation layer PSV.
[0208] In an embodiment, at least one signal line
and/or power line coupled to the pixel PXL may be dis-
posed on the same layer as first electrodes of the circuit
elements forming the pixel circuit PXC. For example, a
power line PL (e.g., a second power line for supplying
the second power supply VSS) may be disposed on the
same layer as the gate electrode GE of the first transistor
T1, and may be coupled to the second common electrode
AELT2 disposed on the top of the passivation layer PSV,
through a bridge pattern BRP that is disposed on the
same layer as the first and second transistor electrodes
ET1 and ET2 and through at least one second contact
hole CH2 that passes through the passivation layer PSV.
However, the structure and/or position of the power line
PL may be changed in various manners.

[0209] The common electrode layer AEL may include
the first common electrode AELT1 and the second com-
mon electrode AELT2. Since the first and second com-
mon electrodes AELT1 and AELT2 are substantially
identical to the first and second common electrodes
AELT1 and AELT2 described above with reference to
FIGS. 4 to 6, repeated descriptions thereof will be omit-
ted.
[0210] The common electrode layer AEL may further
include the bridge electrode ELT_BRP. The bridge elec-
trode ELT_BRP may couple the first electrode ELT1 of
the light emitting element layer LDL to the first transistor
T1 (or the first transistor electrode ET1) of the pixel circuit
layer PCL.
[0211] Since the light emitting element layer LDL is
substantially the same as the light emitting element layer
LDL, described above with reference to FIG. 6, repeated
descriptions thereof will be omitted.
[0212] The second electrode ELT2 of the light emitting
element layer LDL may be coupled to the second com-
mon electrode AELT2 via a through hole passing through
the first insulating layer INS1. The first electrode ELT1
of the light emitting element layer LDL may be coupled
to the first transistor T1 (or the first transistor electrode
ET1) of the pixel circuit layer PCL via the through hole
passing through the insulating layers INS1 and the bridge
electrode ELT_BRP.
[0213] Since the color conversion layer CCL is sub-
stantially the same as the color conversion layer CCL,
described above with reference to FIG. 6, repeated de-
scriptions thereof will be omitted.
[0214] Meanwhile, although, in FIG. 16a, the second
common electrode AELT2 is illustrated as being coupled
to the second electrode ELT2 of the light emitting element
layer LDL, the present disclosure is not limited thereto.
For example, the second electrode ELT2 of the light emit-
ting element layer LDL may be coupled to the power line
PL through a separate bridge electrode without being
coupled to the second common electrode AELT2.
[0215] FIG. 16b is a sectional view illustrating another
example of the pixel taken along line II-II’ of FIG. 15. In
FIG. 16b, an example of the pixel included in the display
device of FIG. 14b is illustrated.
[0216] Referring to FIG. 14b, FIG. 15, and FIGS. 16a
and 16b, the pixel of FIG. 16b may be substantially iden-
tical or similar to that of FIG. 16a in that the former in-
cludes a color conversion layer CCL and a second sub-
strate SUB2. Therefore, repeated descriptions thereof
will be omitted.
[0217] The color conversion layer CCL may include a
color conversion element QR and an overcoat layer OC
(or an insulating layer).
[0218] As described above with reference to FIG. 14b,
the color conversion element QR may be formed on a
first surface (e.g., a bottom surface in FIG. 14b) of the
second substrate SUB2. The overcoat layer OC may be
disposed on the entirety of the first surface of the second
substrate SUB2, and may cover the color conversion el-
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ement QR. The overcoat layer OC may be substantially
identical or similar to the first and second insulating layers
INS1 and INS2, described above with reference to FIGS.
4 to 6.
[0219] An upper structure (or an upper panel) including
the color conversion layer CCL and the second substrate
SUB2 may be coupled to a lower structure (or a lower
panel) including the first substrate SUB1 to the light emit-
ting element layer LDL. Therefore, the overcoat layer OC
may be disposed on the second insulating layer INS2,
the second substrate SUB2 may be disposed on the over-
coat layer OC, and the color conversion element QR may
be disposed between the overcoat layer OC (or the sec-
ond insulating layer INS2) and the second substrate
SUB2.
[0220] A second alignment direction of the color con-
version element QR in the color conversion layer CCL
may be substantially identical or parallel to a first align-
ment direction of the light emitting elements LD in the
light emitting element layer LDL.
[0221] Meanwhile, although, in FIG. 16b, the color con-
version element QR is illustrated as overlapping the light
emitting element LD in a third direction DR3, this is merely
exemplary and the present disclosure is not limited there-
to. In FIG. 16b, since the color conversion element QR
is formed independently of the second substrate SUB2,
the color conversion element QR may not overlap the
light emitting element LD, and the color conversion ele-
ment QR may not be disposed between the first and sec-
ond electrodes ELT1 and ELT2 (or the first and second
common electrodes AELT1 and AELT2) in a plan view.
[0222] FIGS. 17a to 17d are sectional views illustrating
a further example of the pixel taken along line II-II’ of FIG.
15.
[0223] Referring to FIGS. 14b, 16b, and 17a to 17d,
the pixels in FIGS. 17a to 17d may be substantially iden-
tical or similar to the pixel of FIG. 16b except for the light
emitting element layer LDL, and thus repeated descrip-
tions thereof will be omitted.
[0224] As illustrated in FIG. 17a, the light emitting el-
ement layer LDL may include first and second partition
walls PW1 and PW2, first and second electrodes ELT1
and ELT2, a first insulating layer INS1, light emitting el-
ements LD, a second insulating layer INS2, first and sec-
ond contact electrodes CNE1 and CNE2, and a third in-
sulating layer INS3 which are sequentially disposed
and/or formed on a pixel circuit layer PCL.
[0225] The first and second partition walls PW1 and
PW2 may be disposed on the pixel circuit layer PCL. The
first and second partition walls PW1 and PW2 may be
arranged in an emission area to be spaced apart from
each other. The first and second partition walls PW1 and
PW2 may protrude from the pixel circuit layer PCL in a
height direction. In an embodiment, the first and second
partition walls PW1 and PW2 may have, but are not lim-
ited to, substantially the same height.
[0226] In an embodiment, the first partition wall PW1
may be disposed between the pixel circuit layer PCL and

the first electrode ELT1. The first partition wall PW1 may
be arranged adjacent to first ends EP1 of the light emitting
elements LD. For example, a side surface of the first par-
tition wall PW1 may be positioned adjacent to the first
ends EP1 of the light emitting elements LD, and may face
the first ends EP1.
[0227] In an embodiment, the second partition wall
PW2 may be disposed between the pixel circuit layer
PCL and the second electrode ELT2. The second parti-
tion wall PW2 may be arranged adjacent to second ends
EP2 of the light emitting elements LD. For example, a
side surface of the second partition wall PW2 may be
positioned adjacent to the second ends EP2 of the light
emitting elements LD, and may then face the second
ends EP2.
[0228] In an embodiment, the first and second partition
walls PW1 and PW2 may have various shapes. In an
example, each of the first and second partition walls PW1
and PW2 may have a cross-sectional shape of a trape-
zoid, the width of which decreases toward the top thereof,
as illustrated in FIG. 17a. In this case, each of the first
and second partition walls PW1 and PW2 may have a
sloped surface on at least one side surface thereof. In
another example, as illustrated in FIG. 17b, each of the
first and second partition walls PW1 and PW2 may have
a cross-sectional shape of a semicircle or a semiellipse,
the width of which decreases toward the top thereof. In
this case, each of the first and second partition walls PW1
and PW2 may have a curved surface as at least one side
surface thereof.
[0229] That is, the shapes of the first and second par-
tition walls PW1 and PW2 are not limited to particular
shapes, and may be changed in various manners. Also,
in an embodiment, at least one of the first and second
partition walls PW1 and PW2 may be omitted, or, the
position thereof may be changed.
[0230] The first and second partition walls PW1 and
PW2 may include an insulating material including an in-
organic material and/or an organic material. For example,
the first and second partition walls PW1 and PW2 may
include at least one inorganic layer which contains vari-
ous well-known inorganic insulating materials (including
SiNx or SiOx). Alternatively, the first and second partition
walls PW1 and PW2 may include at least one organic
layer including various well-known organic insulating ma-
terials and/or a photoresist layer, or may be formed of a
single layer or a multi-layer insulator including organic/in-
organic materials in combination. That is, materials form-
ing the first and second partition walls PW1 and PW2
may be changed in various manners.
[0231] In an embodiment, the first and second partition
walls PW1 and PW2 may function as reflective members.
For example, the first and second partition walls PW1
and PW2, along with the first and second electrodes
ELT1 and ELT2 provided on the top thereof, may function
as reflective members for improving optical efficiency of
the pixel PXL by inducing light emitted from respective
light emitting elements LD in a desired direction.
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[0232] The first and second electrodes ELT1 and ELT2
may be respectively disposed on the tops of the first and
second partition walls PW1 and PW2. The first and sec-
ond electrodes ELT1 and ELT2 may be spaced apart
from each other.
[0233] In an embodiment, the first and second elec-
trodes ELT1 and ELT2 respectively disposed on the tops
of the first and second partition walls PW1 and PW2 may
have shapes corresponding to those of the first and sec-
ond partition walls PW1 and PW2, respectively. For ex-
ample, while the first and second electrodes ELT1 and
ELT2 have sloped surfaces or curved surfaces corre-
sponding to the first and second partition walls PW1 and
PW2, they may protrude in the height direction (or the
thickness direction) of the pixel circuit layer PCL.
[0234] Each of the first and second electrodes ELT1
and ELT2 may include at least one conductive material.
In an example, each of the first and second electrodes
ELT1 and ELT2 may include, but is not limited to, a ma-
terial corresponding to at least one of a metal such as
Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, Ti, and an alloy
thereof, a conductive oxide such as ITO, IZO, ZnO, or
ITZO, and a conductive polymer such as PEDOT.
[0235] Further, each of the first and second electrodes
ELT1 and ELT2 may be formed in a single layer structure
or a multi-layer structure. In an example, each of the first
and second electrodes ELT1 and ELT2 may include at
least one reflective electrode layer. Also, each of the first
and second electrodes ELT1 and ELT2 may selectively
further include at least one of at least one transparent
electrode layer disposed on and/or under the reflective
electrode layer and at least one conductive capping layer
configured to cover the top of the reflective electrode lay-
er and/or the transparent electrode layer.
[0236] In an embodiment, the reflective electrode layer
of each of the first and second electrodes ELT1 and ELT2
may be made of a conductive material having uniform
reflectivity. In an example, the reflective electrode layer
may include, but is not limited to, at least one of metals
such as Ag, Mg, Al, Pt, Pd, Au, Ni, Nd, Ir, Cr, and an alloy
thereof. That is, the reflective electrode layer may be
made of various types of reflective conductive materials.
In case that each of the first and second electrodes ELT1
and ELT2 includes a reflective electrode layer, light emit-
ted from the opposite ends of each of the light emitting
elements LD, that is, the first and second ends EP1 and
EP2, may further travel in a direction (e.g., in a front di-
rection) in which an image is displayed. In particular, in
case that the first and second electrodes ELT1 and ELT2
face the first and second ends EP1 and EP2 of the light
emitting elements LD while having a sloped surface or a
curved surface corresponding to the shapes of the first
and second partition walls PW1 and PW2, light emitted
from the first and second ends EP1 and EP2 of each of
the light emitting elements LD may be reflected from the
first and second electrodes ELT1 and ELT2 to further
travel in the frontal direction of the display panel PNL
(e.g., from the upward direction of the base layer SUB1).

Accordingly, the efficiency of light emitted from the light
emitting elements LD may be improved.
[0237] Further, the transparent electrode layer of each
of the first and second electrodes ELT1 and ELT2 may
be made of various types of transparent electrode mate-
rials. For example, the transparent electrode layer may
include, but is not limited to, ITO, IZO or ITZO. In an
embodiment, each of the first and second electrodes
ELT1 and ELT2 may be formed in a triple-layer structure
having a stacked structure of ITO/Ag/ITO. Likewise, in
case that each of the first and second electrodes ELT1
and ELT2 is formed in a multi-layer structure of two or
more layers, a voltage drop attributable to a signal delay
(RC delay) may be minimized. Accordingly, a desired
voltage may be effectively transferred to the light emitting
elements LD.
[0238] In addition, in case that each of the first and
second electrodes ELT1 and ELT2 includes the conduc-
tive capping layer for covering a reflective electrode layer
and/or a transparent electrode layer, the reflective elec-
trode layers of the first and second electrodes ELT1 and
ELT2 may be prevented from being damaged by defects
occurring in a process for manufacturing pixels PXL.
However, the conductive capping layer may be selec-
tively included in the first and second electrodes ELT1
and ELT2, and may be omitted in some embodiments.
Further, the conductive capping layer may be regarded
as the component of each of the first and second elec-
trodes ELT1 and ELT2, or as a separate component dis-
posed on the first and second electrodes ELT1 and ELT2.
[0239] The first insulating layer INS1 may be disposed
on portions of the first and second electrodes ELT1 and
ELT2. For example, the first insulating layer INS1 may
cover portions of the first and second electrodes ELT1
and ELT2, and may include an opening that exposes
other portions of the first and second electrodes ELT1
and ELT2.
[0240] In an embodiment, the first insulating layer INS1
may primarily cover the overall surfaces of the first and
second electrodes ELT1 and ELT2. After the light emit-
ting elements LD have been provided and aligned on the
first insulating layer INS1, the first insulating layer INS1
may be partially opened to expose the first and second
electrodes ELT1 and ELT2. Alternatively, after the pro-
vision and alignment of the light emitting elements LD
have been completed, the first insulating layer INS1 may
be patterned in the form of an individual pattern that are
locally disposed under the light emitting elements LD.
[0241] That is, the first insulating layer INS1 may be
interposed between the first and second electrodes ELT1
and ELT2 and the light emitting elements LD, and may
expose at least a portion of each of the first and second
electrodes ELT1 and ELT2. The first insulating layer INS1
may cover the first and second electrodes ELT1 and
ELT2 after the first and second electrodes ELT1 and
ELT2 have been formed, thereby preventing the first and
second electrodes ELT1 and ELT2 from being damaged
or metal from being extracted during a subsequent proc-
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ess. Further, the first insulating layer INS1 may stably
hold each light emitting element LD.
[0242] The light emitting elements LD may be provided
and aligned on the first insulating layer INS1. In an ex-
ample, the light emitting elements LD may be provided
by an inkjet method or the like, and the light emitting
elements LD may be aligned between the first and sec-
ond electrodes ELT1 and ELT2 by a predetermined volt-
age (e.g., an alignment signal) applied to the first and
second electrodes ELT1 and ELT2.
[0243] The second insulating layer INS2 may be dis-
posed on the top of the light emitting elements LD, es-
pecially the light emitting elements LD aligned between
first and second electrodes ELT1 and ELT2, and may
expose the first and second ends EP1 and EP2 of the
light emitting elements LD. For example, the second in-
sulting layer INS2 may be partially disposed only on the
tops of portions of the light emitting elements LD without
covering the first and second ends EP1 and EP2 of the
light emitting elements LD. The second insulating layer
INS2 may be formed as, but is not limited to, an inde-
pendent pattern in each of the sub-pixel areas. Further,
as illustrated in FIG. 17a, in case that a space is present
between the first insulating layer INS1 and the light emit-
ting elements LD before the second insulating layer INS2
is formed, the space may be filled with the second insu-
lating layer INS2. Accordingly, the light emitting elements
LD may be more stably held.
[0244] The first and second contact electrodes CNE1
and CNE2 may be disposed on the first and second elec-
trodes ELT1 and ELT2 and the first and second ends
EP1 and EP2 of the light emitting elements LD. In an
embodiment, the first and second contact electrodes
CNE1 and CNE2 may be disposed on the same layer,
as illustrated in FIG. 17a. The first and second contact
electrodes CNE1 and CNE2 may be formed by the same
process using the same conductive material, but the
present disclosure is not limited thereto.
[0245] The first and second contact electrodes CNE1
and CNE2 may electrically couple the first and second
ends EP1 and EP2 of the light emitting elements LD to
the first and second electrodes ELT1 and ELT2, respec-
tively.
[0246] For example, the first contact electrode CNE1
may be disposed on the first electrode ELT1 so as to
contact the first electrode ELT1. For example, the first
contact electrode CNE1 may contact the first electrode
ELT1 in a portion of the first electrode ELT1 (e.g., the
first contactor), which is not covered with the first insu-
lating layer INS1. Further, the first contact electrode
CNE1 may be disposed on the first ends EP1 of the plu-
rality of light emitting elements LD so as to contact the
first end EP1 of at least one light emitting element LD
adjacent to the first electrode ELT1, e.g., the first ends
EP1 of the plurality of light emitting elements LD. That
is, the first contact electrode CNE1 may be disposed to
cover the first ends EP1 of the light emitting elements LD
and at least one portion of the first electrode ELT1 cor-

responding thereto. By means of this, the first ends EP1
of the light emitting elements LD may be electrically cou-
pled to the first electrode ELT1.
[0247] Likewise, the second contact electrode CNE2
may be disposed on the second electrode ELT2 so as to
contact the second electrode ELT2. For example, the
second contact electrode CNE2 may contact the second
electrode ELT2 in a portion of the second electrode ELT2
(e.g., the second contactor), which is not covered with
the first insulating layer INS1. Further, the second contact
electrode CNE2 may be disposed on the second ends
EP2 to contact the second end EP2 of at least one light
emitting element LD adjacent to the second electrode
ELT2, e.g., the second ends EP2 of the plurality of light
emitting elements LD. That is, the second contact elec-
trode CNE2 may cover the second ends EP2 of the light
emitting elements LD and at least one portion of the sec-
ond electrode ELT2 corresponding thereto. By means of
this, the second ends EP2 of the light emitting elements
LD may be electrically coupled to the second electrode
ELT2.
[0248] The third insulating layer INS3 may be formed
and/or disposed on a first surface of the first substrate
SUB1 on which the first and second partition walls PW1
and PW2, the first and second electrodes ELT1 and
ELT2, the light emitting elements LD, and the first and
second contact electrodes CNE1 and CNE2 are formed
such that the third insulating layer INS3 covers the first
and second partition walls PW1 and PW2, the first and
second electrodes ELT1 and ELT2, the light emitting el-
ements LD, and the first and second contact electrodes
CNE1 and CNE2. The third insulating layer INS3 may
include, but is not limited to, a thin film encapsulation
layer including at least one inorganic layer and/or at least
one organic layer. Further, in an embodiment, at least
one overcoat layer, not illustrated, may be further dis-
posed on the top of the third insulating layer INS3.
[0249] In an embodiment, each of the first to third in-
sulating layers INS1, INS2, and INS3 may be configured
in a single layer or multi-layer structure, and may include
at least one inorganic insulating material and/or at least
one organic insulating material. For example, each of the
first to third insulating layers INS1, INS2, and INS3 may
include various well-known organic/inorganic insulating
materials including SiNx, and the material forming each
of the first to third insulating layers INS1, INS2, and INS3
is not particularly limited. Also, the first to third insulating
layers INS1, INS2, and INS3 may include different types
of insulating materials, or alternatively, at least some of
the first to third insulating layers INS1, INS2, and INS3
may include the same insulating material.
[0250] The color conversion layer CCL including the
color conversion elements QR may be formed on a first
surface (e.g., a bottom surface in FIG. 14b) of the second
substrate SUB2, and an upper structure (or an upper
panel) including the color conversion layer CCL and the
second substrate SUB2 may be disposed on a lower
structure (or a lower panel) including the first substrate
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SUB1 to the light emitting element layer LDL. In embod-
iments, the color conversion layer CCL may be spaced
apart from the light emitting element layer LDL, but the
present disclosure is not limited thereto.
[0251] In embodiments, the first and second contact
electrodes CNE1 and CNE2 may be disposed on differ-
ent layers.
[0252] Referring to FIG. 17c, the first contact electrode
CNE1 may be arranged in a sub-pixel area SPA in which
the second insulating layer INS2 is disposed. In an em-
bodiment, the first contact electrode CNE1 may be dis-
posed on the first electrode ELT1 to contact a portion of
the first electrode ELT1 arranged in the corresponding
sub-pixel area SPA. Further, the first contact electrode
CNE1 may be disposed on the first end EP1 of at least
one light emitting element LD arranged in the corre-
sponding sub-pixel area SPA so as to contact the first
end EP1. By means of the first contact electrode CNE1,
the first end EP1 of at least one light emitting element
LD arranged in the sub-pixel area SPA may be electrically
coupled to the first electrode ELT1 arranged in the cor-
responding sub-pixel area SPA.
[0253] In the sub-pixel area SPA in which the first con-
tact electrode CNE1 is arranged, a fourth insulating layer
INS4 may be arranged. In an embodiment, the fourth
insulating layer INS4 may cover the second insulating
layer INS2 and the first contact electrode CNE1 which
are arranged in the corresponding sub-pixel area SPA.
[0254] In an embodiment, similar to the first to third
insulating layers INS1, INS2, and INS3, the fourth insu-
lating layer INS4 may be formed in a single layer or multi-
layer structure, and may include at least one inorganic
insulating material and/or at least one organic insulating
material. For example, the fourth insulating layer INS4
may include various well-known organic/inorganic insu-
lating materials including SiNx. Also, the fourth insulating
layer INS4 may include an insulating material different
from those of the first to third insulating layers INS1, INS2,
and INS3, or may include an insulating material identical
to those of at least some of the first to third insulating
layers INS1, INS2, and INS3.
[0255] In each sub-pixel area SPA in which the fourth
insulating layer INS4 is arranged, a second contact elec-
trode CNE2 may be arranged. In an embodiment, the
second contact electrode CNE2 may be disposed on the
second electrode ELT2 to contact a portion of the second
electrode ELT2 arranged in the corresponding sub-pixel
area SPA. Also, the second contact electrode CNE2 may
be disposed on the second end EP2 of at least one light
emitting element LD arranged in the corresponding sub-
pixel area SPA so as to contact the second end EP2. By
means of the second contact electrode CNE2, the sec-
ond end EP2 of at least one light emitting element LD
arranged in each sub-pixel area SPA may be electrically
coupled to the second electrode ELT2 arranged in the
corresponding sub-pixel area SPA.
[0256] The third insulating layer INS3 may be formed
and/or disposed on a first surface of the first substrate

SUB1 on which the first and second partition walls PW1
and PW2, the first and second electrodes ELT1 and
ELT2, the light emitting elements LD, and the first and
second contact electrodes CNE1 and CNE2 are formed
such that the third insulating layer INS3 covers the first
and second partition walls PW1 and PW2, the first and
second electrodes ELT1 and ELT2, the light emitting el-
ements LD, and the first and second contact electrodes
CNE1 and CNE2.
[0257] Referring to FIGS. 17c and 17d, the pixel (or
sub-pixel) of FIG. 17d is different from the pixel of FIG.
17c in that the pixel of FIG. 17d includes first and second
partition walls PW1 and PW2 having a cross-sectional
shape of a semicircle or a semiellipse.
[0258] As illustrated in FIG. 17d, each of the first and
second partition walls PW1 and PW2 may have a cross-
sectional shape of a semicircle or a semiellipse, the width
of which decreases toward the top thereof. In this case,
each of the first and second partition walls PW1 and PW2
may have a curved surface on at least one side surface
thereof.
[0259] FIG. 18 is a sectional view illustrating an exam-
ple of the display device taken along line III-III’ of FIG.
15. In FIG. 18, a pixel circuit layer PCL is omitted, and
the structure of a pixel PXL is schematically illustrated
based on a light emitting element layer LDL and a color
conversion layer CCL.
[0260] Referring to FIGS. 17a to 17d and 18, the pixel
PXL of FIG. 18 may be different from those illustrated in
FIGS. 17a to 17d in that former further includes banks
BNK.
[0261] As illustrated in FIG. 18, the banks BNK may
be disposed on a first substrate SUB1 (or the pixel circuit
layer PCL illustrated in FIGS. 17a to 17d). In embodi-
ments, the banks BNK may be directly disposed on the
first insulating layer INS1 illustrated in FIGS. 17a to 17d.
The banks BNK may be formed between the sub-pixels
SPX to enclose an emission area EMA of each of the
sub-pixels SPX, and may form a pixel defining layer for
partitioning the emission area EMA of the sub-pixel SPX.
That is, the emission area EMA of the first sub-pixel
SPX1, the emission area EMA of the second sub-pixel
SPX2, and the emission area EMA of the third sub-pixel
SPX3 may be defined by the banks BNK.
[0262] Each bank BNK may block light emitted from
the light emitting elements LD of each sub-pixel SPX from
passing through the bank BNK, thereby preventing opti-
cal interference from occurring in case that the light emit-
ted from each emission area EMA enters an adjacent
emission area EMA.
[0263] The banks BNK may protrude from the first sub-
strate SUB1 in a height direction. In an embodiment, the
height of the banks BNK may be greater than that of the
light emitting element layer (i.e., the light emitting element
layer except for the bank BNK), and may be, for example,
equal to or greater than about 2 mm, or equal to or greater
than about 2.5 mm.
[0264] In providing the light emitting elements LD to
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the emission area EMA, the banks BNK may function as
a dam structure for preventing a solution mixed with the
light emitting elements LD from flowing into the emission
area EMA of an adjacent pixel PX, or for controlling a
predetermined amount of solution to be supplied to each
emission area EMA.
[0265] In embodiments, the color conversion layer
CCL may include color conversion elements QR1 and
QR2, color filters CF1, CF2, and CF3, and a black matrix
BM.
[0266] The first color filter CF1 may be disposed on a
first surface (e.g., a bottom surface in FIG. 18) of the
second substrate SUB2, may overlap the first sub-pixel
area SPA1 (or the emission area EMA of the first sub-
pixel area SPA1), and may selectively transmit light of a
first color, emitted from the light emitting elements LD.
For example, the first color filter CF1 may be a first color
transmission filter (e.g., a blue transmission filter) which
transmits only a first color (e.g., blue).
[0267] Similarly, the second color filter CF2 may be
disposed on the first surface (e.g., the bottom surface in
FIG. 18) of the second substrate SUB2, may overlap the
second sub-pixel area SPA2 (or the emission area EMA
of the second sub-pixel area SPA2), and may selectively
transmit light of a second color, emitted through the first
color conversion element QR1. For example, the second
color filter CF2 may be a second color transmission filter
(e.g., a green transmission filter) which transmits only a
second color (e.g., green).
[0268] The third color filter CF3 may be disposed on
the first surface (e.g., the bottom surface in FIG. 18) of
the second substrate SUB2, may overlap the third sub-
pixel area SPA3 (or the emission area EMA of the third
sub-pixel area SPA3), and may selectively transmit light
of a third color, emitted through the second color conver-
sion element QR2. For example, the third color filter CF3
may be a third color transmission filter (e.g., a red trans-
mission filter) which transmits only a third color (e.g., red).
[0269] In an embodiment of the present disclosure, all
of the light emitting elements LD may emit light of the
same color. Further, a color conversion layer CCL may
be disposed on the top of at least some of the first, sec-
ond, and third sub-pixels SPX1, SPX2, and SPX3. There-
fore, the display device according to an embodiment of
the present disclosure may display a full-color image.
[0270] Black matrices BM may be disposed between
the first, second, and third color filters CF1, CF2, and
CF3. For example, black matrices BM may be disposed
on the first surface (e.g., a bottom surface in FIG. 18) of
the second substrate SUB2 so as to overlap the banks
BNK on the first substrate SUB1.
[0271] As described above with reference to FIG. 18,
color conversion elements QR1 and QR2 and color filters
CF may be disposed on at least some sub-pixels SPX,
and thus a full-color pixel PXL and a display device having
the full-color pixel PXL may be implemented.
[0272] Meanwhile, in an embodiment of the present
disclosure, respective sub-pixels SPX may form respec-

tive light emitting devices. For example, a first sub-pixel
SPX1 corresponding to a red sub-pixel may form a blue
light emitting device, a second sub-pixel SPX2 corre-
sponding to a green sub-pixel may form a green light
emitting device, and a third sub-pixel SPX3 correspond-
ing to a blue sub-pixel may form a red light emitting de-
vice. Also, a full-color pixel PXL including the first, sec-
ond, and third sub-pixels SPX1, SPX2, and SPX3 may
form a full-color light emitting device. That is, the embod-
iment of the present disclosure is not necessarily limited
to a display device, and may also be widely applied to
other types of devices requiring light sources.
[0273] While the spirit and scope of the present disclo-
sure is described in detail by exemplary embodiments,
it should be noted that the above-described embodi-
ments are merely descriptive and should not be consid-
ered limiting. Further, it should be understood by those
skilled in the art that various changes, substitutions, and
alternations may be made herein without departing from
the scope of the disclosure as defined by the claims.
[0274] The scope of the present disclosure is not lim-
ited by detailed descriptions of the present specification,
and should be defined by the accompanying claims. Fur-
ther, all changes or modifications of the present disclo-
sure derived from the meanings and scope of the claims,
and equivalents thereof should be construed as being
included in the scope of the present disclosure.

Claims

1. A light emitting device, comprising:

a substrate;
a light emitting element layer disposed on the
substrate and including light emitting elements
having a rod shape; and
a color conversion layer disposed on the light
emitting element layer and including color con-
version elements having a rod shape,
wherein a second alignment direction of the
color conversion elements is substantially iden-
tical to a first alignment direction of the light emit-
ting elements.

2. The light emitting device according to claim 1, where-
in each of the color conversion elements is a quan-
tum rod.

3. The light emitting device according to claim 2, where-
in the quantum rod converts first monochromatic light
emitted from the light emitting elements into second
monochromatic light.

4. The light emitting device according to claim 2, where-
in an angle formed between the second alignment
direction and the first alignment direction is 30 or less
degrees.
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5. The light emitting device according to claim 4, where-
in:

the first alignment direction is a direction in which
3/4 or more of the light emitting elements are
arranged, and
the second alignment direction is a direction in
which 3/4 or more of the color conversion ele-
ments are arranged.

6. The light emitting device according to claim 1, where-
in the light emitting element layer further comprises:

a first electrode and a second electrode dis-
posed on the substrate and spaced apart from
each other; and
a first insulating layer disposed on the first and
second electrodes and the substrate, and
wherein the light emitting elements are disposed
between the substrate and the first insulating
layer and between the first electrode and the
second electrode.

7. The light emitting device according to claim 6, further
comprising:

a common electrode layer disposed between
the substrate and the light emitting element lay-
er; and
a second insulating layer disposed between the
common electrode layer and the light emitting
element layer,
wherein the common electrode layer includes a
first common electrode and a second common
electrode disposed to be spaced apart from
each other,
wherein the first common electrode overlaps the
first electrode and is electrically decoupled from
the first electrode, and
wherein the second common electrode overlaps
the first common electrode.

8. The light emitting device according to claim 7, where-
in:

the light emitting elements are disposed be-
tween the first and second electrodes and the
second insulating layer,
respective first ends of the light emitting ele-
ments are coupled to the first electrode, and
respective second ends of the light emitting el-
ements are coupled to the second electrode.

9. The light emitting device according to claim 7, where-
in the color conversion elements are disposed be-
tween the first common electrode and the second
common electrode in a plan view.

10. The light emitting device according to claim 1, where-
in:

the substrate includes a first sub-pixel area, a
second sub-pixel area, and a third sub-pixel ar-
ea,
the light emitting elements emit light of a first
color, and
the color conversion elements comprise:

a first color conversion element arranged in
the second sub-pixel area and configured
to convert the light of the first color into light
of a second color, and
a second color conversion element ar-
ranged in the third sub-pixel area and con-
figured to convert the light of the first color
into light of a third color.

11. A display device, comprising:

a first substrate;
a light emitting element layer including light emit-
ting elements having a rod shape and disposed
on the first substrate;
a color conversion layer including color conver-
sion elements having a rod shape and disposed
on the light emitting element layer; and
a second substrate disposed on the color con-
version layer,
wherein a second alignment direction of the
color conversion elements is substantially par-
allel to a first alignment direction of the light emit-
ting elements.

12. The display device according to claim 11, wherein:

the light emitting element layer further includes
a first electrode and a second electrode dis-
posed on the first substrate and spaced apart
from each other, and
the light emitting elements are disposed be-
tween the first electrode and the second elec-
trode.

13. The display device according to claim 12, further
comprising a pixel circuit layer disposed between the
first substrate and the light emitting element layer
and including transistors and a power line,

wherein the first electrode is coupled to a first
electrode of a first transistor, among the transis-
tors, through a first contact hole passing through
at least a part of the pixel circuit layer, and
wherein the second electrode is coupled to the
power line through a second contact hole pass-
ing through at least a part of the pixel circuit lay-
er.
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14. The display device according to claim 13, wherein:
the light emitting element layer further comprises:

a first contact electrode configured to couple a
first end of each of the light emitting elements
to the first electrode; and
a second contact electrode configured to couple
a second end of each of the light emitting ele-
ments to the second electrode, and
the first contact electrode and the second con-
tact electrode are disposed on an identical layer.

15. The display device according to claim 14, wherein
the light emitting element layer further comprises:

a first partition wall disposed between the first
electrode and the pixel circuit layer; and
a second partition wall disposed between the
second electrode and the pixel circuit layer.

16. A method of manufacturing a display device, com-
prising:

forming a first common electrode and a second
common electrode spaced apart from each oth-
er on a substrate;
forming a first insulating layer on the substrate
and the first and second common electrodes;
arranging light emitting elements on the first in-
sulating layer and aligning light emitting ele-
ments between the first common electrode and
the second common electrode in a plan view;
respectively forming a first electrode on first
ends of the light emitting elements and a second
electrode on second ends of the light emitting
elements;
forming a second insulating layer on the light
emitting elements, the first and second elec-
trodes, and the first insulating layer; and
aligning color conversion elements having a rod
shape on the second insulating layer,
wherein a second alignment direction of the
color conversion elements is substantially iden-
tical to a first alignment direction of the light emit-
ting elements.

17. The method according to claim 16, wherein each of
the color conversion elements is a quantum rod con-
figured to convert first monochromatic light emitted
from the light emitting elements into second mono-
chromatic light.

18. The method according to claim 17, wherein an angle
formed between the second alignment direction and
the first alignment direction is 30 or less degrees.

19. The method according to claim 16, wherein the first
electrode overlaps at least a part of the first common

electrode and the second electrode overlaps at least
a part of the second common electrode.

20. The method according to claim 19, wherein the align-
ing of the color conversion elements comprises:

providing the color conversion elements on the
first insulating layer; and
applying an alternating current voltage to the first
common electrode and to the second common
electrode.
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