US 20200105826A1

12) Patent Application Publication (o) Pub. No.: US 2020/0105826 A1

a9y United States

KIM et al. (43) Pub, Date: Apr. 2, 2020
(54) DISPLAY DEVICE HOIL 33/52 (2006.01)
HO1L 33/44 (2006.01)
(71)  Applicant: Samsung Display Co., Ltd., Yongin-si HOIL 33/40 (2006.01)
(KR) (52) US. CL
CPC .......... HOIL 27/156 (2013.01); HOI1L 33/60

(72) Inventors: Woongsik KIM, Hwaseong-si (KR);

Saehee HAN, Seoul (KR)

(21) Appl. No.: 16/507,046

(2013.01); HO1L 33/405 (2013.01); HOIL
33/44 (2013.01); HOIL 33/52 (2013.01)

(57) ABSTRACT

A display device including a base layer. a pixel circuit layer

(22)  Filed: Jul. 10, 2019 disposed on the base layer and including a pixel circuit and
. Lo - a plurality of insulation layers, a first electrode electrically
(30) Foreign Application Priority Data connected to the pixel circuit, a second electrode spaced
Oct. 2, 2018 (KR) oo 10-2018-0117271 ~ @part from the first electrode, a light emitting element
’ electrically connected to the first electrode and the second
Publication Classification electrode, a first refraction layer disposed on the pixel circuit
layer and having a first refractive index, and a second
(51) Imt. CL refraction layer disposed on the light emitting element and
HOIL 27/15 (2006.01) having a second refractive index larger than the first refrac-
HOIL 33/60 (2006.01) tive index.
. NPXA 5 PXA NPXA - pp
| BM 1| HMCl2 L1 |
| a1 | 02 ygridlt
| ) A
I { 1
I
ECL
E2
L3
PXCL L0
f / / =i
[ 7 N 7 { V7778 F~—_L1
L\ \ BN
BRI ) o
. IETCETSPIOEl |E2CE2SP20E2 | ED  |SLP |
| | | |
| TR TR2 | | |
fut »ia >la >
AR2 AR AR2
DR3
DR2

DR1



Patent Application Publication  Apr. 2,2020 Sheet 1 of 14 US 2020/0105826 A1

FIG. 1




1dd

NEQL

US 2020/0105826 A1

SSA
_|_|V E

uls

: : : : 18A11Q
- . : : : ueag

Apr. 2,2020 Sheet 2 of 14

[GaATa— RS

wd < - e H1d Zﬂ ¢INOD

<«— doY
>om_\/\_ JOA1.Q eleq 9,94 | 4°11041uU09
|eud g -
LINOD

\ &

aa

¢ Ild

Patent Application Publication



Patent Application Publication

SL

Apr. 2,2020 Sheet 3 of 14 US 2020/0105826 A1

FIG. 3
PX

DL ELVDD /
rr— . |
] |
| cap [P
] e
| I
I ‘ | | |
[ TR —iL |
| TR2| |
| .
| BV, )
I______K___J - PL2

PXC FLVSS



Patent Application Publication  Apr. 2,2020 Sheet 4 of 14 US 2020/0105826 A1

FIG. 4

AR2 © ART 0 AR2




Patent Application Publication  Apr. 2,2020 Sheet 5 of 14 US 2020/0105826 A1

FIG. 6A

E1 EDa AR1 E2

DR1



Patent Application Publication  Apr. 2,2020 Sheet 6 of 14 US 2020/0105826 A1

FIG. 6B

E1 EDa AR1 E2

e

5
25

i
e
i

o
S

R

S

i

=
s

EDb | CL1b
AR1

DR3 OR?

DR1



Patent Application Publication  Apr. 2,2020 Sheet 7 of 14 US 2020/0105826 A1

FIG. 7A

CL1

DR3

DR2
DR1

FIG. 7B

CLPt CLPt CLPt

CL1-1
DR3

DR2
DR1



Patent Application Publication  Apr. 2,2020 Sheet 8 of 14 US 2020/0105826 A1

FIG. 7C
CL1-2
Iz
B |
o —FcL
DR3
o
FIG. 7D

DR3

DR2
DR1



Patent Application Publication  Apr. 2,2020 Sheet 9 of 14 US 2020/0105826 A1

FIG. 8

5 - g
e | ATl

\;
1 CE1 SP1 OBl |E2 CE2 SP2 OE2

NG b g
TR1 TR2
AR2

R V)
)

BMa




Patent Application Publication  Apr. 2,2020 Sheet 10 of 14  US 2020/0105826 A1

FIG. 10

BMa

g g
TR1 TR2

N
.

/ Fa \\\\ 1 FAN T]\ o \Il\\\ 1 A f/ L7 / A
| \) K)\\\ \) NN \) :\) L
| IETCEISP1OEl IE2CE2SP2O0E2 | ED | SLP |
| T Tho | | |
) AR? © ART AR2



Patent Application Publication  Apr. 2,2020 Sheet 11 of 14  US 2020/0105826 A1

1 | f
R AR
C IE1CETSPIOET  JE2CE2SP20E2 | ED  SLP |
| TR TR | | |
- AR TR M2
DR3
D%—»Dm
FIG. 13
NPXA PXA NPXA

‘ & L2
——— s oY SRS N 2l {2 — ra v F~—11
RN NN BRI -
) oy
| \|E1 CE1 SP1 OET/ E2 CE2 SP2 0E2 | ED | SLP
| TR1 TR | | |
) AR2 © MRT AR2



Patent Application Publication  Apr. 2,2020 Sheet 12 of 14  US 2020/0105826 A1

FIG. 14
- NPXA . PXA NPXA
! |
| | } L /
| / | +~—(CL2-2
\ ~CL1-6
PLL (
BM e S S !
ECLa
CCE F1
[y N E2
/ ’ : 13
] 3 i K L2
| il o JENAAR AR - VT s e Y] = L1
N N e
| IE1CE1SPIOEY  IE2CE2SP20E2 | ED PTL |SIP |
| TR Th? | | |
AR2 ARl AR2

PT2

PT1

|
!
!
| TR1 TR




Patent Application Publication

NPXA

Apr. 2,2020 Sheet 13 of 14

FIG. 16

US 2020/0105826 A1

| BMb

1 | |
| | | [
| | | |
f B
| TR1 TR | | |
h AR? T ART O AR2
DR3
DR2
DR1
1 NPXA | PXA NPXA
e it Pl DP_1 O
| PLL-2 | CF-3 |
’ / | ) L
1 | 7 | )
\

o

e O s
. 2

TR
] Iy

I y [ V77 K\I/" XA 11
U L LN
) \ Voo T
: [E1 CE1 SP1 QE1 IE2 CE2 SP2 0E2 | ED CL2-1, SLP |
| TR TR? | | |

D" AR? AR AR2



Patent Application Publication  Apr. 2,2020 Sheet 14 of 14  US 2020/0105826 A1

FIG. 18

NPXA PXA

[ [ OGS 1 N }I\ \’( \‘X\\ | ' / A ] A\ 17 ,I/)(ﬂ - L"i
| \)K\\\ \/\\\ | \) \/:\) 8L
| IETCE1SPOE1  |E2CE2SP20E2 | ED PIL |SLP |
| TR TR? | | |
) AR2 © M1 AR
DR3
l—»Dﬁz
DR
FIG. 19
Fla E2b
/——-—/\\—“\ / \
Eix Ely Eiz E2z E2y E2x

PXCL HIT

|
SLP




US 2020/0105826 A1l

DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the ben-
efit of Korean Patent Application No. 10-2018-0117271,
filed on Oct. 2, 2018, which is hereby incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND

Field

[0002] Exemplary embodiments of the invention relate to
a display device having improved emission efficiency.

Discussion of the Background

[0003] A display device may include a light emitting
element. The light emitting element may be electrically
connected to an electrode and emit light according to a
voltage applied to the electrode. The light emitting element
may be directly disposed on the electrode, or a separate light
emitting element may be transferred onto the electrode. The
light emitting element may emit light. The light emitted
from the light emitting element may be emitted to the
outside of a display panel. When the light emitted to the
outside of the display panel is reduced in emission effi-
ciency, luminance of the display panel may be deteriorated,
or power for driving the display panel may increase.
[0004] The above information disclosed in this Back-
ground section is only for understanding of the background
of the inventive concepts, and, therefore, it may contain
information that does not constitute prior art.

SUMMARY

[0005] Exemplary embodiments of the present invention
provide a display device having improved emission effi-
ciency.

[0006] Additional features of the inventive concepts will
be set forth in the description which follows, and in part will
be apparent from the description, or may be learned by
practice of the inventive concepts.

[0007] An exemplary embodiment of the inventive con-
cept provides a display device including: a base layer
including a first area and a second area adjacent to the first
area; a pixel circuit layer disposed on the base layer and
including a pixel circuit and a plurality of insulation layers;
a first electrode electrically connected to the pixel circuit; a
second electrode spaced apart from the first electrode and
disposed on the same layer as the first electrode; a light
emitting element electrically connected to the first electrode
and the second electrode; a first refraction layer disposed on
the pixel circuit layer and having a first refractive index; and
a second refraction layer disposed on the light emitting
element and having a second refractive index greater than
the first refractive index. The first area overlaps the light
emitting element and the second refraction layer, and the
second area overlaps the first refraction layer.

[0008] The light emitting element may include a micro
light emitting diode element.

[0009] The display device may further include an encap-
sulation layer covering the light emitting element and the
pixel circuit.
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[0010] The first refraction layer and the second refraction
layer may be disposed on the encapsulation layer, the first
refraction layer may be disposed to surround the first area on
aplane, and the second refraction layer may overlap the first
area and the second area.

[0011] The display device may further include a light
blocking layer disposed on the encapsulation layer to over-
lap the pixel circuit.

[0012] The light blocking layer and the first refraction
layer may be disposed adjacent to each other and covered by
the second refraction layer.

[0013] The first refraction layer may be disposed on the
light blocking layer to cover the light blocking layer.
[0014] The display device may further include a color
filter layer overlapping the first area and disposed between
the encapsulation layer and the second refraction layer.

[0015] The display device may further include: a light
blocking layer disposed on the second refraction layer to
overlap the pixel circuit; and a planarization layer disposed
on the second refraction layer to cover the light blocking
layer and provide a planarization surface.

[0016] The display device may further include: a light
blocking layer disposed on the second refraction layer to
overlap the pixel circuit; and a color filter layer disposed on
the second refraction layer and overlapping the first area.

[0017] The display device may further include a pattern
layer disposed below the encapsulation layer, configured to
cover the light emitting element, and having a third refrac-
tive index. The encapsulation layer has a fourth refractive
index that may be less than the third refractive index.

[0018] The display device may further include: a light
blocking layer disposed on the second refraction layer to
overlap the pixel circuit; and a color filter disposed on the
second refraction layer to overlap the light emitting element.

[0019] The display device may further include: a color
filter disposed between the encapsulation layer and the
second refraction layer to overlap the light emitting element;
alight blocking layer disposed on the second refraction layer
to overlap the pixel circuit; and a planarization layer con-
figured to cover the light blocking layer and provide a
planarization surface.

[0020] The display device may further include: a light
blocking layer disposed on the encapsulation layer to over-
lap the pixel circuit; a color filter layer disposed on the
encapsulation layer to overlap the light emitting element;
and a planarization layer covering the light blocking layer
and the color filter layer. The first refraction layer and the
second refraction layer may be disposed on the planarization
layer.

[0021] The second refraction layer may cover the light
emitting element, and the first refraction layer may be
disposed on the second refraction layer and the pixel circuit
layer to cover the second refraction layer.

[0022] The outermost surface of the second refraction
layer may contact the first refraction layer and has a prede-
termined curvature.

[0023] The display device may further include a light
blocking layer, which does not overlap the light emitting
element. The light blocking layer may be disposed between
the first refraction layer and the pixel circuit layer.

[0024] The display device may further include: a color
filter layer disposed on the first refraction layer to overlap



US 2020/0105826 A1l

the light emitting element; and a planarization layer dis-
posed on the first refraction layer to cover the color filter
layer.

[0025] The display device may further include: a light
blocking layer which does not overlap the light emitting
element and is disposed on the first refraction layer; a color
filter layer disposed on the first refraction layer to overlap
the light emitting element; and a planarization layer dis-
posed on the first refraction layer to cover the color filter
layer.

[0026] A groove may be defined in the pixel circuit layer
by an inclined part including an end of each of the plurality
of insulation layers, and the light emitting element may be
disposed in the groove.

[0027] The inclined part may be covered by the first
electrode and the second electrode, and each of the first
electrode and the second electrode may include a reflective
material.

[0028] The groove may have a depth greater than a
thickness of the light emitting element.

[0029] Another exemplary embodiment of the inventive
concept provides a display device including: a base layer; a
pixel circuit layer disposed on the base layer and including
a transistor and insulation layers, each of insulation layers
having a groove; a first electrode electrically connected to
the transistor; a second electrode spaced apart from the first
electrode and configured to receive a power source voltage;
a light emitting element electrically connected to the first
electrode and the second electrode and disposed in the
groove; a first refraction layer overlapping an area adjacent
to an emission area on which the light emitting element is
disposed and having a first refractive index; and a second
refraction layer overlapping the emission area and having a
second refractive index greater than the first refractive index.

[0030] The first refraction layer may be disposed on the
pixel circuit layer, and the second refraction layer may be
disposed on the first refraction layer to cover the first
refraction layer and provide a planarization surface.

[0031] The second refraction layer may be disposed on the
light emitting element, and the first refraction layer may be
disposed on the second refraction layer to cover the second
refraction layer and provide a planarization surface.

[0032] The groove may be defined by an inclined part
including an end of each of the insulation layers, the first
electrode may cover one portion of the inclined part, the
second electrode may cover the other portion of the inclined
part, and each of the first electrode and the second electrode
may include a reflective material.

[0033] The groove may have a depth greater than a
thickness of the light emitting element.

[0034] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate exemplary embodiments of the invention, and
together with the description serve to explain the inventive
concepts.
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[0036] FIG. 1 is a perspective view of a display device
according to an exemplary embodiment of the inventive
concept.

[0037] FIG. 2 is a block diagram of the display device
according to an exemplary embodiment of the inventive
concept.

[0038] FIG. 3 is an equivalent circuit diagram of a pixel
according to an exemplary embodiment of the inventive
concept.

[0039] FIG. 4 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept.

[0040] FIG. 5 is an enlarged plan view illustrating a
portion of constituents of the display device according to an
exemplary embodiment of the inventive concept.

[0041] FIG. 6A is an enlarged plan view illustrating a
portion of the constituents of the display device according to
an exemplary embodiment of the inventive concept.
[0042] FIG. 6B is an enlarged plan view illustrating a
portion of the constituents of the display device according to
an exemplary embodiment of the inventive concept.
[0043] FIG. 7A is an enlarged cross-sectional view illus-
trating a portion of the display device according to an
exemplary embodiment of the inventive concept.

[0044] FIG. 7B is an enlarged cross-sectional view illus-
trating a portion of the display device according to an
exemplary embodiment of the inventive concept.

[0045] FIG. 7C is an enlarged cross-sectional view illus-
trating a portion of the display device according to an
exemplary embodiment of the inventive concept.

[0046] FIG. 7D is an enlarged cross-sectional view illus-
trating a portion of the display device according to an
exemplary embodiment of the inventive concept.

[0047] FIG. 8 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept.

[0048] FIG. 9 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept.

[0049] FIG. 10 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept.

[0050] FIG. 11 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept.

[0051] FIG. 12 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept.

[0052] FIG. 13 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept.

[0053] FIG. 14 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept.

[0054] FIG. 15 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept.

[0055] FIG. 16 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept.

[0056] FIG. 17 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept.
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[0057] FIG. 18 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept.

[0058] FIG. 19 is an enlarged cross-sectional view illus-
trating a portion of the display device according to an
exemplary embodiment of the inventive concept.

DETAILED DESCRIPTION

[0059] In the following description, for the purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of various exemplary
embodiments of the invention. As used herein “embodi-
ments” are non-limiting examples of devices or methods
employing one or more of the inventive concepts disclosed
herein. Tt is apparent, however, that various exemplary
embodiments may be practiced without these specific details
or with one or more equivalent arrangements. In other
instances, well-known structures and devices are shown in
block diagram form in order to avoid unnecessarily obscur-
ing various exemplary embodiments. Further, various exem-
plary embodiments may be different, but do not have to be
exclusive. For example, specific shapes, configurations, and
characteristics of an exemplary embodiment may be used or
implemented in another exemplary embodiment without
departing from the inventive concepts.

[0060] Unless otherwise specified, the illustrated exem-
plary embodiments are to be understood as providing exem-
plary features of varying detail of some ways in which the
inventive concepts may be implemented in practice. There-
fore, unless otherwise specified, the features, components,
modules, layers, films, panels, regions, and/or aspects, etc.
(hereinafter individually or collectively referred to as “ele-
ments”), of the various embodiments may be otherwise
combined, separated, interchanged, and/or rearranged with-
out departing from the inventive concepts.

[0061] The use of cross-hatching and/or shading in the
accompanying drawings is generally provided to clarify
boundaries between adjacent elements. As such, neither the
presence nor the absence of cross-hatching or shading
conveys or indicates any preference or requirement for
particular materials, material properties, dimensions, pro-
portions, commonalities between illustrated elements, and/
or any other characteristic, attribute, property, etc., of the
elements, unless specified. Further, in the accompanying
drawings, the size and relative sizes of elements may be
exaggerated for clarity and/or descriptive purposes. When
an exemplary embodiment may be implemented differently,
a specific process order may be performed differently from
the described order. For example, two consecutively
described processes may be performed substantially at the
same time or performed in an order opposite to the described
order. Also, like reference numerals denote like elements.
[0062] When an element, such as a layer, is referred to as
being “on,” “connected to,” or “coupled to” another element
or layer, it may be directly on, connected to, or coupled to
the other element or layer or intervening elements or layers
may be present. When, however, an element or layer is
referred to as being “directly on,” “directly connected to,” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. To this end, the term
“connected” may refer to physical, electrical, and/or fluid
connection, with or without intervening elements. Further,
the D1-axis, the D2-axis, and the D3-axis are not limited to
three axes of a rectangular coordinate system, such as the x,

Apr. 2,2020

y, and z—axes, and may be interpreted in a broader sense.
For example, the D1-axis, the D2-axis, and the D3-axis may
be perpendicular to one another, or may represent different
directions that are not perpendicular to one another. For the
purposes of this disclosure, “at least one of X, Y, and Z” and
“at least one selected from the group consisting of X, Y, and
7” may be construed as X only, Y only, Z only, or any
combination of two or more of X, Y, and Z, such as, for
instance, XYZ, XYY, YZ, and Z7Z. As used herein, the term
“and/or” includes any and all combinations of one or more
of the associated listed items.

[0063] Although the terms “first,” “second,” etc. may be
used herein to describe various types of elements, these
elements should not be limited by these terms. These terms
are used to distinguish one element from another element.
Thus, a first element discussed below could be termed a
second element without departing from the teachings of the
disclosure.

[0064] Spatially relative terms, such as “beneath,”
“below,” ‘“under,” “lower,” “above,” “upper,” “over,”
“higher,” “side” (e.g., as in “sidewall”), and the like, may be
used herein for descriptive purposes, and, thereby, to
describe one elements relationship to another element(s) as
illustrated in the drawings. Spatially relative terms are
intended to encompass different orientations of an apparatus
in use, operation, and/or manufacture in addition to the
orientation depicted in the drawings. For example, if the
apparatus in the drawings is turned over, elements described
as “below” or “beneath” other elements or features would
then be oriented “above” the other elements or features.
Thus, the exemplary term “below” can encompass both an
orientation of above and below. Furthermore, the apparatus
may be otherwise oriented (e.g., rotated 90 degrees or at
other orientations), and, as such, the spatially relative
descriptors used herein interpreted accordingly.

[0065] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. As used herein, the singular forms, “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. Moreover, the terms
“comprises,” “comprising,” “includes,” and/or “including,”
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof. It is also noted that, as used herein, the terms
“substantially,” “about,” and other similar terms, are used as
terms of approximation and not as terms of degree, and, as
such, are utilized to account for inherent deviations in
measured, calculated, and/or provided values that would be
recognized by one of ordinary skill in the art.

[0066] Various exemplary embodiments are described
herein with reference to sectional and/or exploded illustra-
tions that are schematic illustrations of idealized exemplary
embodiments and/or intermediate structures. As such, varia-
tions from the shapes of the illustrations as a result, for
example, of manufacturing techniques and/or tolerances, are
to be expected. Thus, exemplary embodiments disclosed
herein should not necessarily be construed as limited to the
particular illustrated shapes of regions, but are to include
deviations in shapes that result from, for instance, manufac-
turing. In this manner, regions illustrated in the drawings
may be schematic in nature and the shapes of these regions
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may not reflect actual shapes of regions of a device and, as
such, are not necessarily intended to be limiting.

[0067] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure is a part. Terms, such as those
defined in commonly used dictionaries, should be inter-
preted as having a meaning that is consistent with their
meaning in the context of the relevant art and should not be
interpreted in an idealized or overly formal sense, unless
expressly so defined herein.

[0068] Hereinafter, exemplary embodiments of the inven-
tive concept will be described with reference to the accom-
panying drawings.

[0069] FIG.11is a perspective view of a display device DD
according to an exemplary embodiment of the inventive
concept.

[0070] Referring to FIG. 1, the display device DD may
display an image through a display area DA. FIG. 1 illus-
trates an example in which the display area DA is provided
on a surface defined by a first direction DR1 and a second
direction DR2 crossing the first direction DR1. However, a
display area of a display device according to another exem-
plary embodiment of the inventive concept may be provided
on a curved surface.

[0071] A thickness of the display device DD is indicated
in a third direction DR3. The directions indicated as the first
to third direction DR1, DR2, and DR3 may be a relative
concept and thus changed into different directions. In this
specification, “when viewed in a plane view” may mean a
view in the third direction DR3. Also, the “thickness direc-
tion” may mean the third direction DR3.

[0072] FIG. 1 illustrates an example in which the display
device DD is a television. However, the display device DD
may be applied to large electronic devices such as a monitor,
or an external billboard as well as small and middle elec-
tronic devices such as a personal computer, a personal
computer, a notebook computer, a personal digital terminal,
a car navigation unit, a game console, a smart phone, a
tablet, and a camera. Also, the above-described devices are
merely examples of the inventive concept, and thus, the
display device DD may be adopted for other electronic
equipment unless departing from the spirit and scope of the
invention.

[0073] FIG. 2 is a block diagram of the display device
according to an exemplary embodiment of the inventive
concept.

[0074] Referring to FIG. 2, the display device DD may
include a display panel DP, a signal controller TC (or a
timing controller), a data driver DDV, and a scan driver
GDV. Each of the signal controller TC, the data driver DDV,
and the scan driver GDV may include a circuit.

[0075] Thedisplay panel DP may be a micro light emitting
element display panel DP including a micro light emitting
element. For example, the display panel DP may be a micro
LED display panel DP.

[0076] The display panel DP may include a plurality of
data lines DL1 to DLm, a plurality of scan lines SL1 to SLn,
and a plurality of pixels PX.

[0077] The plurality of data lines DL1 to DLm may extend
in the first direction DR1 and be arranged in the second
direction DR2 crossing the first direction DR1. The plurality
of scan lines SL1 to SLn may extend in the second direction
DR2 and be arranged in the first direction DRI1.
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[0078] Each of the pixels PX may include a light emitting
element ED (see FIG. 3) and a pixel circuit PXC (see FIG.
3) electrically connected to the light emitting element ED.
The pixel circuit PXC (see FIG. 3) may include a plurality
of transistors TR1 and TR2 (see FIG. 3). A first power source
voltage ELVDD and a second power source voltage ELVSS
may be provided to each of the pixels PX.

[0079] The pixels PX may be arranged in a regular rule on
the plane of the display panel DP. Each of the pixels PX may
display one of primary colors or one of mixed colors. The
primary colors may include red, green, and blue colors, and
the mixed colors may include various colors such as yellow,
cyan, magenta, and white colors. However, the inventive
concept is not limited to the colors displayed by the pixels
PX.

[0080] The signal controller TC receives image data RGB
provided from the outside. The signal controller TC may
convert the image data RGB to match an operation of the
display panel DP and thereby to generate converted image
data R'G'B' and output the converted image data R'G'B' to
the data driver DDV.

[0081] Also, the signal controller TC may receive a con-
trol signal CS provided from the outside. The control signal
CS may include a vertical synchronization signal, a hori-
zontal synchronization signal, a main clock signal, a data
enable signal, and the like.

[0082] The signal controller TC provides a first control
signal CONT1 to the data driver DDV and provides a second
control signal CONT2 to the scan driver GDV. The first
control signal CONT1 may be a signal for controlling the
data driver DDV, and the second control signal CONT2 may
be a signal for controlling the scan driver GDV.

[0083] The data driver DDV may provide an electrical
signal to the plurality of data lines DL1 to DLm in response
to the first control signal CONT1 received from the signal
controller TC. The data driver DDV may be realized as an
independent integrated circuit and thus, may be electrically
connected to one side of the display panel DP or directly
mounted on the display panel DP. Also, the data driver DDV
may be realized as either a single chip or a plurality of chips.
[0084] The scan driver GDV may provide an electrical
signal to the plurality of scan lines SL1 to SLn in response
to the second control signal CONT2 received from the signal
controller TC. The scan driver GDV may be integrated with
a predetermined area of the display panel DP. For example,
the scan driver GDV may include a plurality of transistors
formed through the same process as the pixel circuit PXC
(see FIG. 3) of the pixels PX, for example, a low temperature
polycrystalline silicon (LTPS) process or a low temperature
polycrystalline oxide (LTPO) process. Also, the scan driver
GDV according to another exemplary embodiment of the
inventive concept may be realized as an independent inte-
grated circuit chip and electrically connected to one side of
the display panel DP.

[0085] While a gate turn-on voltage is applied to one scan
line of the plurality of scan lines SL1 to SLn, a switching
transistor of each of the pixels, which are arranged in one
row and connected to the one scan line, may be turned on.
Here, the data driver DDV provides data driving signals to
the data lines DL1 to DLm. The data driving signals supplied
to the data lines DL1 to DLm are applied to the correspond-
ing pixels through the turned-on switching transistor. The
data driving signals are analog voltages corresponding to
gray level values of the image data.
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[0086] FIG. 3 is an equivalent circuit diagram of the pixel
according to an exemplary embodiment of the inventive
concept. FIG. 3 illustrates an equivalent circuit diagram of
one pixel PX (hereinafter, referred to a pixel) of the plurality
of pixels PX.

[0087] Referring to FIG. 3, the pixel PX may be electri-
cally connected to a plurality of signal lines. In this exem-
plary embodiment, a scan line SL, a data line DL, a first
power source line PL1, and a second power source line P1.2
of the signal lines are illustrated as an example. However,
this is merely an example. For example, the pixel PX
according to the inventive concept may be additionally
connected to various signal lines, but is not limited to a
specific embodiment.

[0088] The pixel PX may include the light emitting ele-
ment ED and the pixel circuit PXC. The pixel circuit PXC
may include a first transistor TR1, a capacitor CAP, and a
second transistor TR2. This is merely an example. That is,
the number of transistors and the number of capacitors
provided in the pixel circuit PXC are not limited to that
shown in FIG. 3. For example, the pixel circuit PXC
according to another exemplary embodiment of the inven-
tive concept may include seven transistors and one capaci-
tor.

[0089] The first transistor TR1 may be a switching tran-
sistor that controls turn-on/off of the pixel PX. The first
transistor TR1 may transmit or block the data signal trans-
mitted through the data line DL in response to the scan signal
transmitted through the scan line SL.

[0090] The capacitor CAP is connected to the first tran-
sistor TR1 and the first power source line PL1. The capacitor
CARP charges electrical charges by an amount corresponding
to a difference between the data signal received from the first
transistor TR1 and a first power source voltage ELVDD
applied to the first power source line PL1.

[0091] The second transistor TR2 is connected to the first
transistor TR1, the capacitor CAP, and the light emitting
element ED. The second transistor TR2 controls driving
current flowing through the light emitting element ED to
correspond to a charge amount stored in the capacitor CAP.
A turn-on time of the second transistor TR2 may be deter-
mined according to the amount of charge stored in the
capacitor CAP.

[0092] Each of the first transistor TR1 and the second
transistor TR2 may be an N-type transistor or a P-type
transistor. Also, according to another exemplary embodi-
ment of the inventive concept, one of the first transistor TR1
and the second transistor TR2 may be an N-type transistor,
and the other may be a P-type transistor.

[0093] The light emitting element ED may be electrically
connected to the second transistor TR2 and the second
power source line PL2. The light emitting element ED may
receive the second power source voltage EVLSS through the
second power source line PL2.

[0094] The light emitting element ED emits light at a
voltage corresponding to a difference between the signal
transmitted through the second transistor TR2 and the sec-
ond power source voltage ELVSS received through the
second power source line PL2.

[0095] The light emitting element ED may be a micro light
emitting diode element. The micro light emitting diode
element may be an LED element having a length of several
nanometers to several hundred micrometers. However, the
length of the micro light emitting diode element is merely an
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example. For example, the length of the micro light emitting
diode element is not limited to the above-described length
range.

[0096] The light emitting element ED may emit having a
specific wavelength band. For example, the light emitting
element ED may emit red light, blue light, or green light.
[0097] The light emitting element ED may include an
n-type semiconductor layer, a p-type semiconductor layer,
and an active layer. The active layer may be disposed
between the n-type semiconductor layer and the p-type
semiconductor layer.

[0098] The n-type semiconductor layer may be provided
by doping an n-type dopant into a semiconductor layer, and
the p-type semiconductor layer may be provided by doping
a p-type dopant into the semiconductor layer. The semicon-
ductor layer may include a semiconductor material. For
example, the semiconductor material may be GaN, AIN,
AlGaN, InGaN, InN, InAlGaN, or AlInN, but is not limited
thereto. The n-type dopant may silicon (Si), germanium
(Ge), tin (Sn), selenium (Se), tellurium (Te), or a combina-
tion thereof, but is not limited thereto. The p-type dopant
may be magnesium (Mg), zinc (Zn), calcium (Ca), strontium
(Sr), barium (Ba), or a combination thereof, but is not
limited thereto.

[0099] The active layer may have at least one of a single
quantum well structure, a multi quantum well structure, a
quantum wire structure, or a quantum dot structure. The
active layer may be a region in which electrons injected
through the n-type semiconductor layer and holes injected
through the p-type semiconductor layer are recombined with
each other. The active layer may be a layer that emits light
having energy determined by the energy band inherent to the
material. The active layer may be disposed at various
positions according to the kinds of diodes used.

[0100] Although one light emitting element ED is con-
nected between the second transistor TR2 and the second
power source line PL2 in FIG. 3, a plurality of light emitting
elements ED may be provided. The plurality of light emit-
ting elements ED may be connected in parallel with each
other.

[0101] FIG. 41is a cross-sectional view of the display panel
according to an exemplary embodiment of the inventive
concept.

[0102] Referring to FIGS. 3 and 4, the display panel DP
may include a base layer BL, a pixel circuit layer PXCL, a
first electrode E1, a second electrode E2, a light emitting
element ED, an encapsulation layer ECL, a first refraction
layer CL1, a second refraction layer CL2, and a light
blocking layer BM.

[0103] The base layer BL may include a flexible material.
For example, the base layer BL may be a plastic substrate.
The plastic substrate may include at least one of an acrylic-
based resin, a methacrylic-based resin, a polyisoprene-based
resin, a vinyl-based resin, an epoxy-based resin, a urethane-
based resin, a cellulose-based resin, a siloxane-based resin,
a polyimide-based resin, a polyamide-based resin, or a
perylene-based resin. For example, the base layer BL may
include a single-layered polyimide resin. However, the
inventive concept is not limited thereto. For example, the
base layer BL. may have a laminated structure including a
plurality of insulation layers. According to another exem-
plary embodiment of the inventive concept, the base layer
BL may include a rigid material. For example, the base layer
BL may be a glass substrate.
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[0104] The base layer BL may include a first area AR1 and
a second area AR2 adjacent to the first area AR1. The first
area AR1 and the second area AR2 may be areas that are
divided when viewed on the plane. The first area AR1 and
the second area AR2 will be described below in detail.
[0105] The pixel circuit layer PXCL is disposed on the
base layer BL. The pixel circuit layer PXCL may include a
pixel circuit PXC and a plurality of insulation layers L1, 1.2,
and L3. In FIG. 4, a first transistor TR1 and a second
transistor TR2 of the pixel circuit PXC are illustrated.
[0106] The first transistor TR1 may include a first control
electrode CEl, a first input electrode IE1, a first output
electrode OF1, and a first semiconductor pattern SP1. The
second transistor TR2 may include a second control elec-
trode CE2, a second input electrode IE2, a second output
electrode OE2, and a second semiconductor pattern SP2.
[0107] The first control electrode CE1 and the second
control electrode CE2 may be disposed on the base layer BL.
Each of the first control electrode CE1 and the second
control electrode CE2 may include a metal material.
[0108] The first insulation layer L1 may be disposed on
the base layer BL to cover the first control electrode CE1 and
the second control electrode CE2. That is, the first control
electrode CE1 and the second control electrode CE2 may be
disposed between the first insulation layer L1 and the base
layer BL.

[0109] A first semiconductor pattern SP1 and a second
semiconductor pattern SP2 may be disposed on the first
insulation layer L1. The first semiconductor pattern SP1 may
be disposed to be spaced apart from the first control elec-
trode CE1 on the cross-section, and the second semicon-
ductor pattern SP2 may be disposed to be spaced apart from
the second control electrode CE2 on the cross-section.
[0110] Each of'the first and second semiconductor patterns
SP1 and SP2 may include a semiconductor material. For
example, the first semiconductor pattern SP1 and the second
semiconductor pattern SP2 may include the same semicon-
ductor material. Alternatively, the first semiconductor pat-
tern SP1 and the second semiconductor pattern SP2 may
include semiconductor materials different from each other.
For example, the semiconductor material may include at
least one of amorphous silicon, polycrystalline silicon,
single crystal silicon, an oxide semiconductor, and a com-
pound semiconductor.

[0111] The first input electrode IE1 and the first output
electrode OF1 may be disposed on the first semiconductor
pattern SP1, and second input electrode IE2 and the second
output electrode OE2 may be disposed on the second
semiconductor pattern SP2.

[0112] The second insulation layer L2 may be disposed on
the first insulation layer L1 to cover the first and second
semiconductor patterns SP1 and SP2, the first and second
input electrodes IE1 and 1E2, and the first and second output
electrodes OF1 and OE2. The first and second semiconduc-
tor patterns SP1 and SP2, the first and second input elec-
trodes IE1 and IE2, and the first and second output elec-
trodes OF1 and OE2 may be disposed between the first
insulation layer L1 and the second insulation layer L.2.
[0113] The third insulation layer L3 may be disposed on
the second insulation layer L.2. For example, each of the first
insulation layer L1 and the second insulation layer L.2 may
include an inorganic material, and the third insulation layer
L3 may include an organic material. The third insulation
layer L3 may provide a planarization surface.
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[0114] A connection electrode CCE may be disposed on
the third insulation layer L.3. The connection electrode CCE
may connect the first output electrode OF1 to the second
control electrode CE2. A through-hole may be defined in
each of the second and third insulation layers .2 and .3. The
first output electrode OE1 may be exposed through the
through-holes. The connection electrode CCE may be elec-
trically connected to the exposed first output electrode OE1.
A through-hole may be defined in each of the first to third
insulation layers L1, L2, and L3. The second output elec-
trode OE2 may be exposed through the through-holes. The
connection electrode CCE may be electrically connected to
the exposed second control electrode CE2.

[0115] The first electrode E1 may be disposed on the third
insulation layer L3. A through-hole may be defined in each
of the second and third insulation layers L2 and 1.3. The
second output electrode OE2 may be exposed through the
through-holes. The first electrode E1 may be electrically
connected to the second output electrode OE2.

[0116] The second electrode E2 may be disposed on the
third insulation layer L3. Although not shown, the second
electrode E2 may be electrically connected to the second
power source line PL2 (see FIG. 3). That is, the second
power source voltage ELVSS(see FIG. 3) may be provided
to the second electrode E2.

[0117] The second electrode E2 may be spaced apart from
the first electrode E1 and disposed on the same layer as the
first electrode E1. For example, a groove HM may be
defined in the pixel circuit layer PXCL. The groove HM may
be defined by an inclined part SLP including ends of the first
to third insulation layers L1, 1.2, and L3.

[0118] The first electrode E1 may be disposed on the third
insulation layer L3, the inclined part SLP, and the base layer
BL, and the second electrode E2 may be disposed on the
third insulation layer 1.3, the inclined part SLP, and the base
layer BL.

[0119] The connection electrode CCE, the first electrode
F1, and the second electrode E2 may include the same
conductive material. For example, each of the connection
electrode CCE, the first electrode E1, and the second elec-
trode E2 may include a reflective material. Each of the
connection electrode CCE, the first electrode E1, and the
second electrode E2 may have a single layer structure or a
multilayered structure. For example, each of the connection
electrode CCE, the first electrode E1, and the second elec-
trode E2 may have a structure in which indium tin oxide
(ITO), silver (Ag), and indium tin oxide (ITO) are sequen-
tially laminated. However, the inventive concept is not
limited thereto. For example, each of the connection elec-
trode CCE, the first electrode F1, and the second electrode
E2 may include indium zinc oxide (IZ0), indium tin oxide
(ITO), indium gallium oxide (IGO), indium zinc gallium
oxide (IGZO), and a mixture/compound thereof or may
include molybdenum, silver, titanium, copper, aluminum, or
an alloy thereof.

[0120] The light emitting element ED may be disposed on
the first electrode E1 and the second electrode B2 and
electrically connected to the first electrode El and the
second electrode E2.

[0121] The light emitting element ED may be transferred
onto the first electrode E1 and the second electrode E2. For
example, the light emitting element ED may be provided in
plurality. Here, the plurality of light emitting elements ED



US 2020/0105826 A1l

may be transferred at the same time, or each of the plurality
of light emitting elements ED may be separately transferred.

[0122] A method for transferring the light emitting ele-
ment ED onto the first electrode E1 and the second electrode
E2 may include a direct transfer method and a printing
transfer method. The direct transfer method may be a
method for directly transferring the light emitting element
ED to the first electrode E1 and the second electrode E2. The
printing transfer method may be a method for transferring
the light emitting element ED to the first electrode E1 and
the second electrode E2 by using an electrostatic head, a flat
stamp, or a roll stamp. According to an exemplary embodi-
ment of the inventive concept, only the first electrode E1, the
second electrode E2, and the base layer BL may be disposed
below the area on which the light emitting element ED is
disposed. The constituents of the pixel circuit PXC, for
example, the first transistor TR1 and the second transistor
TR2 may not be disposed below the light emitting element
ED.

[0123] While the light emitting element ED is transferred,
a pressure may be applied to the area on which the light
emitting element ED is disposed. According to an exemplary
embodiment of the inventive concept, since the pixel circuit
PXC is not disposed below the light emitting element ED,
the pixel circuit PXC may be prevented from being damaged
by the pressure. In addition, since the light emitting element
ED is disposed on the same layer as the pixel circuit PXC,
the display panel DP may be reduced in thickness, thereby
improving flexibility of the display panel DP.

[0124] The first area AR1 of the base layer BL. may be an
area overlapping the light emitting element ED when viewed
on the plane. The second area AR2 may be an area over-
lapping a peripheral area of the area on which the light
emitting element ED is disposed when viewed on the plane.
For example, when viewed on the plane, the second area
AR2 may be defined as an area that does not overlap the light
emitting element ED. That is, an emission area from which
light is emitted from the display panel DP may correspond
to the first area AR1, and the second area AR2 may corre-
spond to a peripheral area adjacent to the emission area
PXA, for example, a non-emission area NPAX.

[0125] The encapsulation layer ECL may cover the pixel
circuit layer PXCL, the connection electrode CCE, the first
electrode E1, the second electrode E2, and the light emitting
element ED. The encapsulation layer ECL may protect the
pixel circuit layer PXCL, the connection electrode CCE, the
first electrode E1, the second electrode E2, and the light
emitting element ED against foreign substances, such as
moisture/oxygen or dust particles. The encapsulation layer
ECL may be a laminated structure. For example, the encap-
sulation layer ECL may include at least one organic encap-
sulation layer and at least one inorganic encapsulation layer,
which are alternately laminated.

[0126] According to another exemplary embodiment of
the inventive concept, the encapsulation layer ECL, may
include only the organic encapsulation layer. In this case, the
encapsulation layer ECL, may have a relatively small thick-
ness when compared to the case in which the inorganic
encapsulation layer is provided. Also, since the encapsula-
tion layer ECL does not include the inorganic encapsulation
layer that is relatively rigid when compared to the organic
encapsulation layer, the display panel DP may have
improved flexibility.
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[0127] The first refraction layer CL1 may be disposed on
the encapsulation layer ECL. The first refraction layer CL1
may have a first refractive index. The first refraction layer
CL1 may be disposed to surround a surrounding of the light
emitting element ED on the plane. The first refraction layer
CL1 may be a layer that is patterned in a predetermined
shape. Thus, the first refraction layer CLL1 may be called a
first pattern part.

[0128] The light blocking layer BM may be disposed on
the encapsulation layer ECL. The light blocking layer BM
may have a color that absorbs light. For example, the light
blocking layer BM may a black or dark gray layer. The light
blocking layer BM may overlap the pixel circuit PXC on the
plane. For example, the light blocking layer BM may
overlap the first transistor TR1 and the second transistor
TR2. Also, the light blocking layer BM may overlap remain-
ing areas except for the first area AR1. For example, the light
blocking layer BM may overlap the second area AR2.
[0129] The light blocking layer BM may absorb external
light incident into the pixel circuit PXC. That is, the light
blocking layer BM may be provided to prevent the external
light from being reflected by the pixel circuit PXC. The light
blocking layer BM may prevent the external light from
being reflected to improve display quality.

[0130] According to an exemplary embodiment of the
inventive concept, the light blocking layer BM and the first
refraction layer CL1 may be disposed on the same layer, for
example, the encapsulation layer ECL. Also, the light block-
ing layer BM and the first refraction layer CL1 may be
disposed adjacent to each other and may not overlap each
other on the plane.

[0131] The second refraction layer CL2 may cover the first
refraction layer CL1 and the light blocking layer BM and be
disposed on the first refraction layer CL1, the light blocking
layer BM, and the encapsulation layer ECL. Thus, the
second refraction layer CL2 may overlap the first area AR1
and the second area AR2 when viewed on the plane.
[0132] The first refraction layer CL1 may have a first
refractive index, and the second refraction layer CL2 may
have a second refractive index greater than that of the first
refraction layer. For example, when the first refractive index
is about 1.5, the second refractive index may be about 1.65.
However, this is merely an example. For example, the values
of the first refractive index and the second refractive index
are not limited to the above-described values.

[0133] The first refraction layer CL1 may include a low-
refractive index material, and the second refraction layer
CL2 may include a high-refractive index material.

[0134] According to an exemplary embodiment of the
inventive concept, the first refraction layer CL1 may include
a base material and hollow particles that are mixed with the
base material. For example, the base material may include
acrylic or siloxane. The hollow particles may be mixed with
the base material to reduce the refractive index. The hollow
particles may be particles surrounded by a porous or non-
porous shell, and each of the hollow particles may have a
hollow center. Also, the first refraction layer CL1 may
include a material that is capable of being patterned.
[0135] According to an exemplary embodiment of the
inventive concept, the second refraction layer CL2 may
include a material having a refractive index greater than that
of the first refraction layer CL1. For example, the second
refraction layer CL2 may include a base material and a
high-refractive index material that is capable of improving
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the refractive index. For example, the base material may
include acrylic or siloxane. For example, the high-refractive
index material at least one of zirconium oxide (ZrOy),
titanium dioxide (TiO,), calcium carbonate (CaCO,), silicon
dioxide (8i0,), zinc oxide (ZnO), magnesium hydroxide
(Mg(OH),), and lithopone (BaSO,,ZnS). According to
another exemplary embodiment of the inventive concept, the
first refraction layer CL1 may not include the hollow pat-
ticles, and the second refraction layer CL.2 may not include
the high-refractive index material. In this case, the first
refraction layer CLL1 may be made of a material selected
from materials having a refractive index less than that of the
second refraction layer CL2, and the second refraction layer
CL2 may be made of a material selected from materials
having a refractive index greater than that of the first
refraction layer CL1.

[0136] Light LGT emitted from the light emitting element
ED may be incident into the first refraction layer CL1. Since
the refractive indexes of the first refraction layer CL1 and
the second refraction layer CL2 are different from each
other, the light LGT may be totally reflected or refracted by
a boundary between the first refraction layer CL1 and the
second refraction layer CL.2 so as to change its optical path.
The light LGT that is changed in optical path may be emitted
to the emission area PXA. Thus, the display panel DP may
be improved in emission efficiency.

[0137] FIG. 5 is an enlarged plan view illustrating a
portion of constituents of the display device according to an
exemplary embodiment of the inventive concept.

[0138] Referring to FIG. 5, the light emitting element ED
is disposed on the area overlapping the first area AR1, and
the first refraction layer CL1 and the light blocking layer BM
are disposed on the area overlapping the second area AR2
(see FIG. 4). The first refraction layer CL.1 may have a shape
that surrounds the surrounding of the light emitting element
ED.

[0139] When viewed on the plane, the first refraction layer
CL1 may have a shape that surrounds the first area AR1.
Although the first refraction layer CL1 has a rectangular ring
shape in FIG. 5, the inventive concept is not limited thereto.
The first refraction layer CL1 may be deformed in shape to
correspond to that of the first area AR1, deformed in shape
to correspond to that of the emission area PXA (see FIG. 4),
or deformed in shape to correspond to that of the light
emitting element ED. For example, when the light emitting
element ED has a circular shape on the plane, the first
refraction layer CL1 may have a circular ring shape.
[0140] Light, which is incident into the first refraction
layer CL1, of the light emitted from the light emitting
element ED may be totally reflected or refracted to emit light
through the area overlapping the light emitting element ED.
Thus, emission efficiency of the display device DD (see FIG.
1) may be improved.

[0141] FIG. 6A is an enlarged plan view illustrating a
portion of the constituents of the display device according to
an exemplary embodiment of the inventive concept.
[0142] Referring to FIG. 6A, one pixel PX (see FIG. 3)
may include a plurality of light emitting elements EDa and
EDb. The light emitting elements EDa and EDb may include
a first light emitting element EDa and a second light emitting
element EDb. The first light emitting element EDa and the
second light emitting element EDb may be connected in
parallel to each other. The first light emitting element EDa
and the second light emitting element EDb may be electri-
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cally connected to the first electrode E1 and the second
electrode E2. respectively. The first light emitting element
EDa and the second light emitting element EDb may be
disposed to overlap the first area AR1.

[0143] The first refraction layer CL1a may have a ring
shape on the plane to surround the first and second light
emitting elements EDa and EDb. The first and second light
emitting elements EDa and EDb may light emitting elements
provided in one pixel. Thus, an area between the first light
emitting element EDa and the second light emitting element
EDb may correspond to the emission area PXA of FIG. 4.
Thus, a first refraction layer CL1a may not be disposed
between the first light emitting element EDa and the second
light emitting element EDb.

[0144] FIG. 6B is an enlarged plan view illustrating a
portion of the constituents of the display device according to
an exemplary embodiment of the inventive concept. In the
description of FIG. 6B, contents different from those of FIG.
6A will be described.

[0145] Referring to FIG. 6B, a first refraction layer CL15
may surround each of the first and second light emitting
elements EDa and EDb on the plane. Thus, the first refrac-
tion layer CL.15 may be disposed on an area between the first
light emitting element FDa and the second light emitting
element EDb.

[0146] In FIGS. 5, 6A and 6B, the first refraction layers
CL1, CL1a, and CL15 are shaded to clearly distinguish the
first refraction layers CLL1, CL1qa, and CL15 from each other.
[0147] FIG. 7A is an enlarged cross-sectional view illus-
trating a portion of the display device according to an
exemplary embodiment of the inventive concept. In FIG.
7A, the encapsulation layer ECL, the first refraction layer
CL1, the second refraction layer CL2, and the light blocking
layer BM are illustrated.

[0148] Referring to FIG. 7A, the first refraction layer CL1
may have a trapezoidal shape in cross-section. Thus, a
boundary surface between the first refraction layer CL1 and
the second refraction layer CL.2 may have a shape that is
inclined with respect to the outermost surface of the encap-
sulation layer ECL. Light incident into the boundary surface
from the second refraction layer CL2 toward the first refrac-
tion layer CL.1 may have an incident angle greater than that
when the boundary surface is perpendicular to the encapsu-
lation layer ECL. Thus, the probability that the light incident
into the boundary surface is totally reflected may increase.
As aresult, the probability that the light incident into the first
refraction layer CL1 is totally reflected or refracted to be
emitted to the emission area PXA (see FIG. 4) may increase.
That is, the display device DD (see FIG. 1) may be improved
in light extraction efficiency.

[0149] FIG. 7B is an enlarged cross-sectional view illus-
trating a portion of the display device according to an
exemplary embodiment of the inventive concept.

[0150] Referring to FIG. 7B, a first refraction layer CL1-1
may include a plurality of cover patterns CLPt. The cover
patterns CLPt may be disposed to be spaced apart from each
other. The first refraction layer CL1-1 includes three cover
patterns CLPt, but the inventive concept is not limited
thereto. The number of cover patterns CLPt may be two,
three, or more than three.

[0151] Each of the cover patterns CLPt may have a
rectangular shape on the cross-section. However, the inven-
tive concept is not limited thereto. For example, each of the
cover patterns CLPt may have a trapezoidal shape in cross-
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section, and the outermost surface of the each of the cover
patterns CLPt may have a curved shape.

[0152] FIG. 7C is an enlarged cross-sectional view illus-
trating a portion of the display device according to an
exemplary embodiment of the inventive concept.

[0153] Referring to FIG. 7C, the outermost surface of a
first refraction layer CLL1-2 may have a curved shape. For
example, the first refraction layer CL1-2 may have a semi-
circular shape that is convex in the cross-section. Thus, a
boundary surface between the first refraction layer CL1 and
the second refraction layer CL.2 may have an inclined shape.
Light incident into the boundary surface may have an
incident angle greater than that when the boundary surface
is perpendicular to the encapsulation layer ECL. Thus, the
probability that the light incident into the boundary surface
is totally reflected may increase. As a result, the probability
that the light incident into the first refraction layer CL1-2 is
totally reflected or refracted to be emitted to the emission
area PXA (see FI1G. 4) may increase. That is, light extraction
efficiency of the display device DD (see FIG. 1) may be
improved.

[0154] FIG. 7D is an enlarged cross-sectional view illus-
trating a portion of the display device according to an
exemplary embodiment of the inventive concept.

[0155] Referring to FIG. 7D, the outermost surface of a
first refraction layer CL1-3 contacting the second refraction
layer CL2 has a curved shape. For example, the first refrac-
tion layer CL1-3 may have a shape in which a convex area
and a concave area are alternately repeated. Since the first
refraction layer CL1-3 has the curved shape, although light
incident from the outside is reflected by a metal disposed
below the first refraction layer CL1-3, for example, the first
electrode E1 (see FIG. 4), the reflected light may be scat-
tered on a top surface of the first refraction layer CL1-3.
Thus, the phenomenon in which the light incident from the
outside is reflected to be emitted again to the outside of the
display panel DP (see FIG. 4) may be prevented.

[0156] FIG. 8 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept. In description of FIG. 8, the same reference
numeral may be given to components that are the same as
the components of FIG. 4, and their detailed descriptions
will be omitted.

[0157] Referring to FIG. 8, a light blocking layer BM of
a display panel DP-1 may be disposed on the encapsulation
layer ECL. The light blocking layer BM may be disposed on
the second area AR2 to cover the first transistor TR1 and the
second transistor TR2.

[0158] A first refraction layer CL1-4 may be disposed on
the light blocking layer BM and the encapsulation layer
ECL. The first refraction layer CL1-4 may be disposed on
the second area AR2 to cover the light blocking layer BM.
[0159] The second refraction layer CL2 may be disposed
on the first refraction layer CL1-4 to cover the first refraction
layer CL1-4. The second refraction layer CL2 may provide
a planarization surface.

[0160] The first refraction layer CL1-4 may include a
material having a first refractive index, and the second
refraction layer CL2 may include a material having a second
refractive index greater than the first refractive index.
[0161] FIG. 9 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept. In description of FIG. 9, the same reference
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numeral may be given to components that are the same as
the components of FIG. 4, and their detailed descriptions
will be omitted.

[0162] Referring to FIG. 9, a light blocking layer BMa of
a display panel DP-2 may be disposed below the encapsu-
lation layer ECL. Also, the light blocking layer BMa may be
disposed between the third insulation layer L3 and the
encapsulation layer ECL. The light blocking layer BMa may
directly cover the connection electrode CCE, a portion of the
first electrode E1, and a portion of the second electrode E2.
The term “directly cover” may mean that the light blocking
layer BMa and the connection electrode CCE are directly
disposed with respect to each other without providing
another constituent between the light blocking layer BMa
and the connection electrode CCE.

[0163] The light blocking layer BMa may absorb light
incident from the outside to prevent the light from being
reflected by the connection electrode CCE, the first electrode
E1, and the second electrode E2.

[0164] FIG. 10 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept. In description of FIG. 10, the same reference
numeral may be given to components that are the same as
the components of FIG. 4, and their detailed descriptions
will be omitted.

[0165] Referring to FIG. 10, a second refraction layer
CL2-1 of a display panel DP-3 may cover the light emitting
element ED. Thus, when viewed on the plane, the second
refraction layer CL2-1 may overlap the first area AR1.
[0166] The second refraction layer CL.2-1 may include a
material having a second refractive index. The material
having the second refractive index may be a material having
a refractive index greater than a first refractive index of a
first refraction layer CL1-5.

[0167] The second refraction layer CL2-1 may include a
base material such as acrylic or siloxane and a high-refrac-
tive index material mixed with the base material. For
example, the high-refractive index material at least one of
zircomium oxide (ZrOy), titanium dioxide (Ti0,), calcium
carbonate (CaCO,), silicon dioxide (SiO,), zinc oxide
(ZnO), magnesium hydroxide (Mg(OH),), and lithopone
(BaS0,,7nS). However, the inventive concept is not limited
thereto. For example, the high-refractive index material is
not limited to a specific material as long as the second
refraction layer CL2-1 includes a material having a refrac-
tive index greater than that of the first refraction layer
CL1-5.

[0168] The second refraction layer CL2-1 may be pro-
vided to the light emitting element ED through an inkjet
process, but the process of forming the second refraction
layer CL2-1 is not limited thereto.

[0169] The second refraction layer CL2-1 may have a lens
shape. That is, the second refraction layer CL2-1 may have
a curved outermost surface. The second refraction layer
CL2-1 may be called a pattern layer.

[0170] The light blocking layer BMa may be disposed on
the third insulation layer [.3. The light blocking layer BMa
may cover the connection electrode CCE, a portion of the
first electrode F1, and a portion of the second electrode E2.
[0171] The first refraction layer CL1-5 may be disposed
on the second refraction layer CL2-1 and the light blocking
layer BMa. The first refraction layer CLL1-5 may provide a
planarization surface at the outermost surface. The first
refraction layer CL1-5 may include a material having a first
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refractive index. The first refractive index may be smaller
than the second refractive index. For example, the first
refraction layer CL1-5 may include a base material and
hollow particles that are mixed with the base material.
[0172] Light LGTa emitted from the light emitting ele-
ment ED may be refracted by a boundary surface between
the first refraction layer CL1-5 and the second refraction
layer CL2-1. Since the first refraction layer CL1-5 has the
refractive index less than that of the second refraction layer
CL2-1, collection of the light LGTa may increase. Thus,
light extraction efficiency of the display panel DP-3 may be
improved.

[0173] FIG. 11 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept. In description of FIG. 11, the same reference
numeral may be given to components that are the same as
the components of FIG. 4, and their detailed descriptions
will be omitted.

[0174] Referring to FIG. 11, a display panel DP-4 may
further include a color filter layer CF. The color filter layer
CF may be provided to reduce reflection of external light.
The color filter layer CF may reduce the reflection of the
external light to improve display quality. According to an
exemplary embodiment of the inventive concept, the display
panel DP-4 may include the color filter layer CF and may not
include a polarizing member. Thus, the reflection of the
external light may be reduced while minimizing reduction of
luminance to improve the display quality.

[0175] The light blocking layer BM and the color filter
layer CF may be disposed on the encapsulation layer ECL.
A planarization layer PLL may be disposed on the encap-
sulation layer ECL. The planarization layer PLL may cover
the light blocking layer BM and the color filter layer CF and
provide a planarization surface.

[0176] The light blocking layer BM may overlap the
second area AR2 on the plane and be disposed between the
encapsulation layer ECL and the polarization layer PLL. The
color filter layer CF may overlap the first area AR1 on the
plane and be disposed between the encapsulation layer ECL
and the polarization layer PLL.

[0177] The first refraction layer CL1-6 and the second
refraction layer CL2-2 may be disposed on the planarization
layer PLL. The first refraction layer CL1-6 may include a
material having a first refractive index, and the second
refraction layer CL2-2 may include a matetial having a
second refractive index greater than that of the first refrac-
tion layer.

[0178] The first refraction layer CL1-6 may overlap the
second area AR2 on the plane, and the second refraction
layer CL2-2 may overlap the first area AR1 and the second
area AR2 on the plane. The second refraction layer C1.2-2
may provide a planarization surface at the outermost surface
of the display panel DP-4.

[0179] FIG. 12 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept. In description of FIG. 12, the same reference
numeral may be given to components that are the same as
the components of FIG. 4, and their detailed descriptions
will be omitted.

[0180] Referring to FIG. 12, a first refraction layer CL1-7
may be disposed on the encapsulation layer ECL, and the
first refraction layer CLL1-7 may not overlap the first area
ARI1. A second refraction layer CL2-3 may cover the first
refraction layer CL1-7. The first refraction layer CL1-7 may
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have a refractive index less than that of the second refraction
layer CL2-3. Light incident into the first refraction layer
CL1-7 may be totally reflected by a boundary between the
first refraction layer CL1-7 and the second refraction layer
CL2-3 and then be emitted to the emission area PXA.
[0181] A display panel DP-5 may further include a color
filter layer CF-1. A light blocking layer BMb and the color
filter layer CF-1 may be disposed on the second refraction
layer CL2-3. The light blocking layer BMb may overlap the
first and second transistors TR1 and TR2, and the color filter
layer CF-1 may overlap the light emitting element ED on the
plane.

[0182] FIG. 13 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept. In description of FIG. 13, only differences from
FIG. 12 will be described, and description of the remaining
components will be omitted.

[0183] Referring to FIG. 13, a display panel DP-6 may
further include a color filter layer CF-2 and a planarization
layer PLL-1.

[0184] The color filter layer CF-2 is disposed between a
thin film encapsulation layer ECL. and a second refraction
layer CL2-3. That is, the second refraction layer C1.2-3 may
cover all the color filter layer CF-2 and the first refraction
layer CL1-7.

[0185] The light blocking layer BMb may be disposed on
the second refraction layer CL2-3, and a planarization layer
PLL-1 covering the light blocking layer BMb and providing
a planarization surface may be disposed on the second
refraction layer CL2-3.

[0186] FIG. 14 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept. In description of FIG. 14, the same reference
numeral may be given to components that are the same as
the components of FIG. 11, and their detailed descriptions
will be omitted.

[0187] When compared to the display panel DP-4 of FIG.
11, a display panel DP-7 of FIG. 14 may further include a
pattern layer PTL.

[0188] The pattern layer PTL is disposed below an encap-
sulation layer ECLa. The pattern layer PTL may overlap the
first area AR1 and the light emitting element ED on the plane
and cover the light emitting element ED. The pattern layer
PTL may have a convex lens shape on the cross-section. The
pattern layer PTL may have a refractive index larger than
that of the encapsulation layer ECLa. Thus, light emitted
from the light emitting element ED and incident into the
encapsulation layer ECLa through the pattern layer PTL may
be collected.

[0189] The pattern layer PTL may include a base material
and a high-refractive index material that is capable of
improving the refractive index. For example, the base mate-
rial may include acrylic or siloxane. For example, the
high-refractive index material at least one of zirconium
oxide (ZrOy), titanium dioxide (Ti0,), calcium carbonate
(CaC0,), silicon dioxide (Si0,), zinc oxide (Zn0O), magne-
sium hydroxide (Mg(OH),), and lithopone (BaSO,,ZnS).
The light emitted from the light emitting element ED may be
primarily collected to a boundary between the pattern layer
PTL and the encapsulation layer ECLa and then secondarily
collected by being totally reflected or refracted by the
boundary between a the first refraction layer CL1-6 and a
second refraction layer CL2-2, which are disposed on a
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planarization layer PLL. Thus, emission efficiency of the
display panel DP-7 may be improved.

[0190] FIGS. 15 and 16 are partial cross-sectional views
of a display panel according to an exemplary embodiment of
the inventive concept.

[0191] Referring to FIG. 15, a display panel DP-8 may
have a configuration in which the display panel DP-5 of FIG.
12 and the display panel DP-7 of FIG. 14 are combined with
each other. For example, a first portion PT1 of FIG. 15 may
be the same as a portion of the constituents of the display
panel DP-7 of FIG. 14, and a second portion PT2 of FIG. 15
may be the same as a portion of the constituents of the
display panel DP-5 of FIG. 12.

[0192] Referring to FIG. 16, a display panel DP-9 may
have a configuration in which the display panel DP-6 of FIG.
13 and the display panel DP-7 of FIG. 14 are combined with
each other. For example, a first portion PT1a of FIG. 16 may
be the same constituent as the display panel DP-7 of F1G. 14,
and a second portion PT2a of FIG. 16 may be the same
constituent as the display panel DP-6 of FIG. 13.

[0193] The display panel may have various combinations
in addition to the combination of the display panels of FIGS.
15 and 16. For example, the second portions PT2 and PT2a
may be replaced by the constituents of the display panel DP
of FIG. 4 and the display panel DP-1 of FIG. 8.

[0194] FIG. 17 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept. In FIG. 17, the differences from the constituents of
FIG. 10 will be described. The same reference numerals are
used for the same constituent, and a description thereof will
be omitted.

[0195] When compared to the display panel DP-3 of FIG.
10, a display panel DP-10 of FIG. 17 may further include a
color filter layer CF-3 and a planarization layer PLL-2.
[0196] The color filter layer CF-3 may be disposed on a
first refraction layer CL1-5 and disposed to overlap the first
area AR1 and the light emitting element ED on the plane.
The planarization layer PLL-2 may be disposed on the first
refraction layer CL1-5 to cover the color filter layer CF-3.
[0197] FIG. 18 is a cross-sectional view of a display panel
according to an exemplary embodiment of the inventive
concept.

[0198] A display panel DP-11 of FIG. 18 may have the
same structure as that of the display panel DP-7 of F1G. 14
in which the first refraction layer CL1-6 and the second
refraction layer CL2-2 are omitted. A pattern layer PTL
covering the light emitting element ED may have substan-
tially the same constituent as the second refraction layer
CL2-1 of FIG. 10. Since the first refraction layer CL1-6 and
the second refraction layer CL.2-2 are omitted, display panel
DP-11 may be made thinner.

[0199] The pattern layer PTL of FIG. 18 may be called a
second refraction layer, and an encapsulation layer ECLa
may be called a first refraction layer. The pattern layer PTL
may be substantially the same as the second refraction layer
CL2-1 of FIG. 10, and the encapsulation layer ECLa may be
substantially the same as the first refraction layer CL1-5 of
FIG. 10.

[0200] FIG. 19 is an enlarged cross-sectional view illus-
trating a portion of the display device according to an
exemplary embodiment of the inventive concept.

[0201] Referring to FIG. 19, a groove HM-1 may be
defined in the pixel circuit layer PXCL. The groove HM-1
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may be defined by an inclined part SLP including ends of the
first to third insulation layers L1, [.2, and L3.

[0202] An inclined part SLP defined at one side with
respect to the light emitting element ED may be covered by
a first electrode Ela, and an inclined part SLP defined at the
other side may be covered by a second electrode E2b.

[0203] Each of the first electrode Ela and the second
electrode E2b may have a multilayered structure. The first
electrode Ela may include a first electrode layer Elx, a
second electrode layer Ely, and a third electrode layer E1z,
which are sequentially laminated, and the second electrode
E2b may include a first electrode layer E2x, a second
electrode layer E2y, and a third electrode layer E2z, which
are sequentially laminated.

[0204] Each of the first electrode layer Ex, the third
electrode layer Ez, the first electrode layer E2x, and the third
electrode layer E2z may include indium tin oxide (ITO), and
the second electrode layer Ely and the second electrode
layer E2y may include a reflective material, for example,
silver (Ag). Thus, light emitted from the light emitting
element ED may be reflected by the first electrode Ela and
the second electrode E24.

[0205] In an exemplary embodiment of the inventive
concept, the groove HM-1 may have a depth DET greater
than a thickness HIT of the light emitting element ED. A
thickness TKN of the third insulation layer L3 may be
adjusted according to the thickness of the light emitting
element ED to adjust the depth DET of the groove HM-1.
The light emitting element ED may be completely accom-
modated in the groove HM-1. Thus, light provided from the
light emitting element ED may be reflected by the first
electrode Ela and the second electrode E25. Thus, emission
efficiency of the display panel DP (see FIG. 4) may be
improved.

[0206] In another exemplary embodiment of the inventive
concept, light emitted from the light emitting element ED
may be reflected by the first electrode Ela and the second
electrode E25 to sufficiently control the light path. Thus, the
first refraction layers and the second refraction layers, which
are described above, may be omitted. In addition, in another
exemplary embodiment of the inventive concept, the light
blocking layer may not be disposed on the substrate on
which the light emitting element ED is disposed, but may
instead be disposed on a different substrate. For example, the
light blocking layer may be disposed on an opposite sub-
strate facing the light emitting element ED. In this case, the
opposite substrate may be a rigid substrate, for example, a
glass substrate.

[0207] According to the inventive concept, the display
device may include the first refraction layer having the first
refractive index and the second refraction layer having the
second refractive index larger than the first refractive index.
The light emitted from the light emitting element of the
display device may be refracted or totally reflected by the
boundary between the first refraction layer and the second
refraction layer to change the light path. The emission
efficiency of the display device may be improved by the
changed light path.

[0208] Although certain exemplary embodiments have
been described herein, other embodiments and modifications
will be apparent from this description. Accordingly, the
inventive concepts are not limited to such embodiments, but
rather to the broader scope of the appended claims and
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various obvious modifications and equivalent arrangements
as would be apparent to a person of ordinary skill in the art.

What is claimed is:

1. A display device comprising:

a base layer comprising a first area and a second area
adjacent to the first area;

a pixel circuit layer disposed on the base layer and
comprising a pixel circuit and a plurality of insulation
layers;

a first electrode electrically connected to the pixel circuit;

a second electrode spaced apart from the first electrode
and disposed on the same layer as the first electrode;

a light emitting element electrically connected to the first
electrode and the second electrode;

a first refraction layer disposed on the pixel circuit layer
and having a first refractive index; and

a second refraction layer disposed on the light emitting
element and having a second refractive index larger
than the first refractive index,

wherein the first area overlaps the light emitting element
and the second refraction layer, and the second area
overlaps the first refraction layer.

2. The display device of claim 1, wherein the light
emitting element comprises a micro light emitting diode
element.

3. The display device of claim 1, further comprising an
encapsulation layer covering the light emitting element and
the pixel circuit.

4. The display device of claim 3, wherein:

the first refraction layer and the second refraction layer
are disposed on the encapsulation layer;

the first refraction layer is disposed to surround the first
area on a plane; and

the second refraction layer overlaps the first area and the
second area.

5. The display device of claim 3, further comprising a
light blocking layer disposed on the encapsulation layer to
overlap the pixel circuit.

6. The display device of claim 5, wherein the light
blocking layer and the first refraction layer are disposed
adjacent to each other and covered by the second refraction
layer.

7. The display device of claim 5, wherein the first refrac-
tion layer is disposed on the light blocking layer to cover the
light blocking layer.

8. The display device of claim 4, further comprising a
color filter layer overlapping the first area and disposed
between the encapsulation layer and the second refraction
layer.

9. The display device of claim 8, further comprising:

a light blocking layer disposed on the second refraction

layer to overlap the pixel circuit; and

a planarization layer disposed on the second refraction
layer to cover the light blocking layer and provide a
planarization surface.

10. The display device of claim 4, further comprising:

a light blocking layer disposed on the second refraction
layer to overlap the pixel circuit; and

a color filter layer disposed on the second refraction layer
and overlapping the first area.

11. The display device of claim 4, further comprising a
pattern layer disposed below the encapsulation layer, the
pattern layer covering the light emitting element and having
a third refractive index,
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wherein the encapsulation layer has a fourth refractive
index smaller than the third refractive index.

12. The display device of claim 11, further comprising;

a light blocking layer disposed on the second refraction
layer to overlap the pixel circuit; and

a color filter disposed on the second refraction layer to
overlap the light emitting element.

13. The display device of claim 11, further comprising;

a color filter disposed between the encapsulation layer and
the second refraction layer to overlap the light emitting
element;

a light blocking layer disposed on the second refraction
layer to overlap the pixel circuit; and

a planarization layer configured to cover the light block-
ing layer and provide a planarization surface.

14. The display device of claim 11, further comprising;

a light blocking layer disposed on the encapsulation layer
to overlap the pixel circuit;

a color filter layer disposed on the encapsulation layer to
overlap the light emitting element; and

a planarization layer configured to cover the light block-
ing layer and the color filter layer,

wherein the first refraction layer and the second refraction
layer are disposed on the planarization layer.

15. The display device of claim 1, wherein:

the second refraction layer covers the light emitting
element; and

the first refraction layer is disposed on the second refrac-
tion layer and the pixel circuit layer to cover the second
refraction layer.

16. The display device of claim 15, wherein an outermost
surface of the second refraction layer contacts the first
refraction layer and has a predetermined curvature.

17. The display device of claim 15, further comprising a
light blocking layer, which does not overlap the light emit-
ting element,

wherein the light blocking layer is disposed between the
first refraction layer and the pixel circuit layer.

18. The display device of claim 17, further comprising:

a color filter layer disposed on the first refraction layer to
overlap the light emitting element; and

a planarization layer disposed on the first refraction layer
to cover the color filter layer.

19. The display device of claim 15, further comprising:

a light blocking layer which does not overlap the light
emitting element and is disposed on the first refraction
layer;

a color filter layer disposed on the first refraction layer to
overlap the light emitting element; and

a planarization layer disposed on the first refraction layer
to cover the color filter layer.

20. The display device of claim 1, wherein:

a groove is defined in the pixel circuit layer by an inclined
part comprising an end of each of the plurality of
insulation layers; and

the light emitting element is disposed in the groove.

21. The display device of claim 20, wherein:

the inclined part is covered by the first electrode and the
second electrode; and

each of the first electrode and the second electrode
comprises a reflective material.

22. The display device of claim 20, wherein the groove

has a depth greater than a thickness of the light emitting
element.
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23. A display device comprising:

a base layer;

a pixel circuit layer disposed on the base layer and
comprising a transistor and insulation layers, each of
the insulation layers having a groove;

a first electrode electrically connected to the transistor;

a second electrode spaced apart from the first electrode
and configured to receive a power source voltage;

a light emitting element electrically connected to the first
electrode and the second electrode and disposed in the
groove;

a first refraction layer overlapping an area adjacent to an
emission area on which the light emitting element is
disposed and having a first refractive index; and

a second refraction layer overlapping the emission area
and having a second refractive index larger than the
first refractive index.

24. The display device of claim 23, wherein:

the first refraction layer is disposed on the pixel circuit
layer; and
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the second refraction layer is disposed on the first refrac-
tion layer to cover the first refraction layer and provide
a planarization surface.

25. The display device of claim 23, wherein:

the second refraction layer is disposed on the light emit-
ting element; and

the first refraction layer is disposed on the second refrac-
tion layer to cover the second refraction layer and
provide a planarization surface.

26. The display device of claim 23, wherein:

the groove is defined by an inclined part comprising an
end of each of the insulation layers;

the first electrode covers one portion of the inclined part;

the second electrode covers the other portion of the
inclined part; and

each of the first electrode and the second electrode
comprises a reflective material.

27. The display device of claim 23, wherein the groove

has a depth greater than a thickness of the light emitting
element.
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