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(54) DISPLAY DEVICE

(57) A display device is provided. The display device
comprises: a light-emitting element; a first transistor for
transmitting a driving current to the light-emitting ele-
ment; and a second transistor for transmitting a data sig-
nal to the first transistor, wherein the first transistor in-
cludes a first active layer, the second transistor includes
a second active layer including an oxide semiconductor,
and the light-emitting element includes a first conductiv-
ity-type semiconductor having a first polarity, a second
conductivity-type semiconductor having a second polar-
ity different from the first polarity, and an active material
layer arranged between the first conductivity-type semi-
conductor and the second conductivity-type semicon-
ductor.
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Description

[Technical Field]

[0001] The present invention relates to a display de-
vice, and more particularly, to a display device including
a light-emitting element having a micrometer or nanom-
eter unit size and an oxide thin film transistor.

[Background Art]

[0002] With the development of multimedia, display
devices are becoming more important. In response to
the development, various types of display devices, such
as organic light emitting diode (OLED) display devices,
liquid crystal display (LCD) devices, and the like, are be-
ing used.
[0003] A device for displaying an image of a display
device includes a display panel such as an OLED panel
or an LCD panel. Among the above panels, a light emit-
ting display panel may include a light emitting element.
For example, an LED includes an OLED using an organic
material as a fluorescent material, and an inorganic LED
using an inorganic material as a fluorescent material.
[0004] The inorganic LED using an inorganic semicon-
ductor as a fluorescent material has durability in a high
temperature environment and has an advantage of high
efficiency of blue light as compared with the OLED. Fur-
ther, even in a manufacturing process which has been
pointed out as a limitation of the conventional inorganic
LED element, a transfer method using dielectrophoresis
(DEP) has been developed. Therefore, research is being
carried out on inorganic LEDs having excellent durability
and excellent efficiency as compared with OLEDs.

[Disclosure]

[Technical Problem]

[0005] The present invention is directed to providing a
display device including an oxide thin film transistor as a
circuit element layer for driving a light-emitting element
having a fine size.
[0006] It should be noted that objects of the present
invention are not limited to the above-described objects,
and other objects of the present invention will be apparent
to those skilled in the art from the following descriptions.

[Technical Solution]

[0007] According to an embodiment, a display device
comprises: a light-emitting element, a first transistor con-
figured to transmit a driving current to the light-emitting
element, a second transistor configured to transmit a data
signal to the first transistor, wherein the first transistor
includes a first active layer, the second transistor includes
a second active layer containing an oxide semiconductor,
and the light-emitting element includes a first conductivity

type semiconductor having a first polarity, a second con-
ductivity type semiconductor having a second polarity
different from the first polarity, and an active material lay-
er disposed between the first conductivity type semicon-
ductor and the second conductivity type semiconductor.
[0008] The first active layer of the first transistor may
include an oxide semiconductor.
[0009] The oxide semiconductor may include indium-
gallium-tin oxide (IGTO) or indium-gallium-zinc-tin oxide
(IGZTO).
[0010] A length of the light-emitting element may range
from 4 mm to 7 mm, and an aspect ratio thereof may range
from 1.2 to 100.
[0011] The first transistor may include a first gate elec-
trode disposed below the first active layer.
[0012] The first active layer may include a first conduc-
torized region, a second conductorized region, and a
channel region disposed between the first conductorized
region and the second conductorized region.
[0013] The first transistor may further include: a third
gate electrode disposed on the first active layer, a first
source electrode connected to the first conductorized re-
gion through a first contact hole passing through an in-
terlayer insulating film disposed on the third gate elec-
trode, and a first drain electrode connected to the second
conductorized region through a second contact hole
passing through the interlayer insulating film.
[0014] The first active layer may include polycrystalline
silicon.
[0015] The first transistor may further include a light
blocking layer disposed below the first active layer.
[0016] The second transistor may include: a second
gate electrode disposed below the second active layer,
a second source electrode connected to one side of the
second active layer, and a second drain electrode con-
nected to the other side of the second active layer.
[0017] The display device may further comprise a data
line configured to transmit the data signal, wherein the
data line may further include a conductive pattern dis-
posed to be spaced apart from the second source elec-
trode of the second transistor and connected to the data
line and the second source electrode.
[0018] According to another embodiment, a display de-
vice comprise: a substrate, a first gate electrode disposed
on the substrate, a first gate insulating film disposed on
the first gate electrode, a first active layer disposed on
the first gate insulating film, partially overlapping the first
gate electrode, and including an oxide semiconductor, a
first interlayer insulating film disposed on the first active
layer, a second gate electrode disposed on the first in-
terlayer insulating film, a second interlayer insulating film
disposed on the second gate electrode, a second active
layer disposed on the second interlayer insulating film,
partially overlapping the second gate electrode, and in-
cluding an oxide semiconductor, and a first conductive
layer including a first signal line disposed on the second
interlayer insulating film and a source electrode formed
on one side of the second active layer, wherein the first
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conductive layer further includes a conductive pattern
partially overlapping one side of the source electrode and
the first signal line.
[0019] The display device may further comprise: a
drain electrode disposed on the first gate insulating film
and in contact with one side of the first active layer, a via
layer disposed on the first conductive layer, and at least
one light-emitting element disposed on the via layer,
wherein the drain electrode is electrically connected to
one end of the at least one light-emitting element.
[0020] The light-emitting element may include: a first
conductivity type semiconductor having a first polarity, a
second conductivity type semiconductor having a second
polarity different from the first polarity, and an active ma-
terial layer disposed between the first conductivity type
semiconductor and the second conductivity type semi-
conductor.
[0021] According to another embodiment, a display de-
vice comprise: a base layer, a first electrode and a second
electrode spaced apart from each other on the base layer
in a first direction, at least one light-emitting element con-
nected to at least one of the first electrode and the second
electrode and having a shape extending in the first direc-
tion, a driving transistor configured to transmit a driving
current to the at least one light-emitting element, wherein
the driving transistor includes an active layer having an
oxide semiconductor, and the light-emitting element in-
cludes a first conductivity type semiconductor including
having a first polarity, a second conductivity type semi-
conductor having a second polarity different from the first
polarity, and an active material layer disposed between
the first conductivity type semiconductor and the second
conductivity type semiconductor.
[0022] The driving transistor may have a gate electrode
disposed below the active layer.
[0023] Each of the first electrode and the second elec-
trode may have a shape extending on the base layer in
a second direction different from the first direction.
[0024] The display device may further comprise: a first
contact electrode in contact with the first electrode and
one end portion of the at least one light-emitting element;
and a second contact electrode in contact with the second
electrode and the other end portion of the at least one
light-emitting element.
[0025] The at least one light-emitting element may
have a length extending in the first direction and ranging
from 4 mm to 7 mm, and an aspect ratio of the at least
one light-emitting element may range from 1.2 to 100.
[0026] The first conductivity type semiconductor, the
active material layer, and the second conductivity type
semiconductor may be disposed in a direction parallel to
an upper surface of the base layer.
[0027] The details of other embodiments are included
in the detailed description and the accompanying draw-
ings.

[Advantageous Effects]

[0028] In accordance with the present invention, a dis-
play device includes a light-emitting element having a
micrometer or nanometer unit size.
[0029] In accordance with the present invention, the
display device includes a driving transistor including an
oxide semiconductor and can drive the light-emitting el-
ement having the fine size.
[0030] The effects according to the embodiments are
not limited by the contents exemplified above, and more
various effects are included in this disclosure.

[Description of Drawings]

[0031]

FIG. 1 is a perspective view illustrating a display de-
vice according to one embodiment.
FIG. 2 is a schematic block diagram illustrating the
display device according to one embodiment.
FIG. 3 is a schematic plan view illustrating a display
panel of FIG. 1.
FIG. 4 is a circuit diagram illustrating one pixel of
FIG. 2.
FIG. 5 is an enlarged schematic diagram of portion
A of FIG. 3.
FIG. 6 is a cross-sectional view illustrating a circuit
element layer taken along line I-I’ of FIG. 5.
FIG. 7 is a partial plan view illustrating a circuit ele-
ment layer according to one embodiment.
FIG. 8 is a cross-sectional view taken along line IIa-
IIa’ of FIG. 7.
FIG. 9 is a cross-sectional view illustrating the dis-
play element layer taken along lines I-I’ and II-II’ of
FIG. 5.
FIGS. 10 to 12 are cross-sectional views illustrating
a circuit element layer according to another embod-
iment.
FIG. 13 is a schematic diagram illustrating a light-
emitting element according to one embodiment.
FIG. 14 is a schematic diagram illustrating a light-
emitting element according to another embodiment.

[Modes of the Invention]

[0032] The present invention will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which preferred embodiments of the in-
vention are shown. This invention may, however, be em-
bodied in different forms and should not be construed as
limited to the embodiments set forth herein. Rather, these
embodiments are provided so that this disclosure will be
thorough and complete, and will filly convey the scope
of the invention to those skilled in the art.
[0033] It will also be understood that when a layer is
referred to as being "on" another layer or substrate, it
can be directly on the other layer or substrate, or inter-

3 4 



EP 3 913 672 A1

4

5

10

15

20

25

30

35

40

45

50

55

vening layers may also be present. The same reference
numbers indicate the same components throughout the
specification.
[0034] It will be understood that, although the terms
"first," "second," etc. may be used herein to describe var-
ious elements, these elements should not be limited by
these terms. These terms are only used to distinguish
one element from another element. For instance, a first
element discussed below could be termed a second el-
ement without departing from the teachings of the
present invention. Similarly, the second element could
also be termed the first element.
[0035] Hereinafter, embodiments of the present inven-
tion will be described with reference to the accompanying
drawings.
[0036] FIG. 1 is a perspective view illustrating a display
device according to one embodiment. FIG. 2 is a sche-
matic block diagram illustrating the display device ac-
cording to one embodiment. FIG. 3 is a schematic plan
view illustrating a display panel of FIG. 1.
[0037] Referring to FIGS. 1 to 3, a display device 1
according to one embodiment includes a display panel
10, an integrated driving circuit 20, a scan driver 30, a
circuit board 40, and a power supply circuit 50. The inte-
grated driving circuit 20 may include a data driver 21 and
a timing controller 22.
[0038] In this specification, the terms "upper portion,"
"top," and "upper surface" indicate a Z-axis direction, and
the terms "lower portion," "bottom," and "lower surface"
indicate a direction opposite to the Z-axis direction. In
addition, terms "left," "right," "upper," and "lower" refer to
directions when the display panel 10 is viewed from a
plan. For example, the term "left" refers to a direction
opposite to an X-axis direction, the term "right" refers to
the X-axis direction, the term "upper" refers to a Y-axis
direction, and the term "lower" refers to a direction oppo-
site the Y-axis direction.
[0039] The display panel 10 may be formed in a rec-
tangular shape when viewed in a plan view. For example,
as shown in FIG. 1, the display panel 10 may have a
planar form of a rectangular shape having a short side
in a first direction (X-axis direction) and a long side in a
second direction (Y-axis direction). A corner at which the
short side in the first direction (X-axis direction) and the
long side in the second direction (Y-axis direction) meet
may be formed at a right angle or formed to be rounded
to have a predetermined curvature. The planar form of
the display panel 10 is not limited to a rectangular shape
and may be formed in a polygonal shape, a circular
shape, or an elliptical shape which is different from the
rectangular shape. In addition, although the display panel
10 has been formed to be flat in FIG. 1, the present in-
vention is not limited thereto. At least one side of the
display panel 10 may be formed to be bent at a prede-
termined curvature.
[0040] The display panel 10 may be divided into a dis-
play area DA and a non-display area NDA disposed in a
peripheral area of the display area DA. The display area

DA is an area in which a plurality of pixels PX are formed
to display an image. The display panel 10 may include
data lines DL1 to DLm (m is an integer of two or more),
scan lines SL1 to SLn (n is an integer of two or more)
crossing the data lines DL1 to DLm, first voltage lines
QVDDL which supply a first voltage, second voltage lines
QVSSL which supply a second voltage, and pixels PX
connected to the data lines DL1 to DLm and the scan
lines SL1 to SLn.
[0041] Each pixel PX may include one or more light-
emitting elements 300, which emit light in a specific wave-
length range, to display a color. The light emitted from
the light-emitting element 300 may be displayed to the
outside through the display area DA of the display panel
10.
[0042] Each pixel PX may include a first sub-pixel PX1,
a second sub-pixel PX2, and a third sub-pixel PX3. The
first sub-pixel PX1 may emit light of a first color, the sec-
ond sub-pixel PX2 may emit light of a second color, and
the third sub-pixel PX3 may emit light of a third color. The
first color may be red, the second color may be green,
and the third color may be blue, but the present invention
is not limited thereto. In some cases, sub-pixels PXn may
emit pieces of light having the same color. In addition,
although each pixel PX has been illustrated as including
three sub-pixels in FIG. 2, the present invention is not
limited thereto, and each pixel PX may include four or
more sub-pixels.
[0043] The integrated driving circuit 20 outputs signals
and voltages for driving the display panel 10. To this end,
the integrated driving circuit 20 may include a data driver
21 and a timing controller 22.
[0044] The data driver 21 receives digital video data
DATA and a source control signal DCS from the timing
controller 22. In response to the source control signal
DCS, the data driver 21 converts the digital video data
DATA into analog data voltages and supplies the analog
data voltages to the data lines DL1 to DLm of the display
panel 10.
[0045] The timing controller 22 may receive the digital
video data DATA and timing signals from a host system.
The timing signals may include a vertical sync signal, a
horizontal sync signal, a data enable signal, and a dot
clock. The host system may be an application processor
of a smartphone or a tablet personal computer (PC), or
a system on chip of a monitor or a television (TV).
[0046] The timing controller 22 generates control sig-
nals to control operation timings of the data driver 21 and
the scan driver 30. The control signals may include the
source control signal DCS for controlling an operation
timing of the data driver 21 and a scan control signal SCS
for controlling an operation timing of the scan driver 30.
[0047] The integrated driving circuit 20 may be dis-
posed in the non-display area NDA provided on one side
of the display panel 10. The integrated driving circuit 20
may be formed as an integrated circuit (IC) and disposed
on the display panel 10 through a chip on glass (COG)
method, a chip on plastic (COP) method, or an ultrasonic
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bonding method. However, the present invention is not
limited thereto. For example, the integrated driving circuit
20 may be mounted on the circuit board 40 instead of
the display panel 10.
[0048] In addition, although the integrated driving cir-
cuit 20 has been shown as including the data driver 21
and the timing controller 22 in FIG. 2, the present inven-
tion is not limited thereto. The data driver 21 and timing
controller 22 may not formed as a single integrated circuit
but may be formed as separate ICs. In this case, the data
driver 21 may be mounted on the display panel 10
through a COG method, a COP method, or an ultrasonic
bonding method, and the timing controller 22 may be
mounted on the circuit board 40.
[0049] The scan driver 30 receives the scan control
signal SCS from the timing controller 22. In response to
the scan control signal SCS, the scan driver 30 generates
scan signals and supplies the scan signals to the scan
lines SL1 to SLn of the display panel 10. The scan driver
30 may include a plurality of transistors and may be
formed in the non-display area NDA of the display panel
10. Alternatively, the scan driver 30 may be formed as
an IC, and in this case, the scan driver 30 may be mount-
ed on a gate flexible film attached to one side of the dis-
play panel 10.
[0050] The circuit board 40 may be attached on pads
provided at an edge of one side of the display panel 10
using an anisotropic conductive film. Consequently, lead
lines of the circuit board 40 may be electrically connected
to the pads. The circuit board 40 may be a flexible film
such as a flexible printed circuit board, a printed circuit
board, or a chip on film. The circuit board 40 may be bent
downward from the display panel 10. In this case, one
side of the circuit board 40 may be attached to an edge
of one side of the display panel 10, and the other side
thereof may be disposed below the display panel 10 and
connected to a system board on which the host system
is mounted.
[0051] The power supply circuit 50 may generate volt-
ages required to drive the display panel 10 from main
power applied from the system board and supply the volt-
ages to the display panel 10. For example, the power
supply circuit 50 may generate a first voltage QVDD and
a second voltage QVSS for driving the light-emitting el-
ements 300 of the display panel 10 from the main power
and supply the first voltage QVDD and the second voltage
QVSS to the first voltage line QVDDL and the second
voltage line QVSSL. In addition, the power supply circuit
50 may generate and supply driving voltages for driving
the integrated driving circuit 20 and the scan driver 30
from the main power.
[0052] Although the power supply circuit 50 has been
formed as the IC to be mounted on the circuit board 40
in FIG. 1, the embodiment of the present invention is not
limited thereto. For example, the power supply circuit 50
may be formed to be integrated into the integrated driving
circuit 20.
[0053] FIG. 3 illustrates a plan view of the display panel

10 of FIG. 1 in a relatively detailed manner. In FIG. 3, for
convenience of description, only data pads DP1 to DPp
(p is an integer of two or more), floating pads FD1 and
FD2, power pads PP1 and PP2, floating lines FL1 and
FL2, the second voltage line QVSSL, the data lines DL1
to DLm, first electrode lines 210, and second electrode
lines 220 are illustrated for convenience of description.
[0054] Referring to FIG. 3, the plurality of pixels PX
may be disposed in the display area DA of the display
panel 10, and the plurality of electrode lines 210 and 220
and the light-emitting element 300 between the plurality
of electrode lines 210 and 220 may be aligned in each
pixel PX. In the drawing, the plurality of pixels PX may
be disposed in the first direction (X-axis direction) which
is a horizontal direction and the second direction (Y-axis
direction) that is a longitudinal direction. Although three
sub-pixels PX1, PX2, and PX3 have been illustrated in
portion A of FIG. 3, it is obvious that the display panel 10
may include a greater number of pixels PX or sub-pixels
PX1, PX2, and PX3.
[0055] The first sub-pixel PX1, second sub-pixel PX2,
and third sub-pixel PX3 of each pixel PX may be disposed
in regions which are defined in the form of a matrix by
the first electrode lines 210, the second electrode lines
220, and the data lines DL1 to DLm.
[0056] In addition, the pixel PX of FIG. 3 may be divided
into a plurality of pixels so that each of the pixels may
constitute one pixel PX. As shown in FIG. 3, pixels are
not necessarily disposed to be parallel in the first direction
(X-axis direction) and the second direction (Y-axis direc-
tion) and may be disposed in various structures such as
the pixels being disposed in a zigzag shape or the like.
[0057] The non-display area NDA may be defined as
an area in which the pixels PX are not disposed and an
area other than the display area DA in the display panel
10. The non-display area NDA may be covered by spe-
cific members so as not to be visibly recognized from the
outside of the display panel 10. Various members for
driving the light-emitting elements 300 disposed in the
display area DA may be disposed in the non-display area
NDA. As shown in FIG. 3, in the display panel 10, a plu-
rality of pads DP, FP, and PP may be disposed on one
side of the display area DA, for example, on the non-
display area NDA located in an upper portion when
viewed in a plan view.
[0058] The plurality of pads may include data pads DP,
power pads PP, and floating pads FP. The data pads DP
may be connected to a plurality of data lines DL extending
to the pixels PX of the display area DA. The data pads
DP may transmit data signals for driving the pixels PX to
the pixels PX through the data lines DL. One data pad
DP may be connected to one data line DL, and the display
panel 10 may include as many data pad DPs as the
number of sub-pixels PXn disposed in the first direction
(X-axis direction) of the display area DA.
[0059] The data lines DL1 to DLm may extend to be
long in the second direction (Y-axis direction). One sides
of the data lines DL1 to DLm may be connected to the
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integrated driving circuit 20. Thus, data voltages of the
integrated driving circuit 20 may be applied to the data
lines DL1 to DLm.
[0060] The first electrode lines 210 may be disposed
to be spaced at predetermined intervals in the first direc-
tion (X-axis direction). Thus, the first electrode lines 210
may not overlap the data lines DL1 to DLm. When the
display panel 10 is manufactured, the first electrode lines
210 are formed such that two end portions of one elec-
trode line are respectively connected to a first floating
line FL1 and a second floating line FL2 of the non-display
area NDA and then disconnected in each pixel PX or
each sub-pixel PXn.
[0061] Each of the second electrode lines 220 may ex-
tend to be long in the first direction (X-axis direction).
Thus, the second electrode lines 220 may overlap the
data lines DL1 to DLm. In addition, unlike the first elec-
trode lines 210, the second electrode lines 220 may be
connected to the second voltage line QVSSL in the non-
display area NDA. Thus, the second voltages QVSS of
the second voltage lines QVSSL may be applied to the
second electrode lines 220.
[0062] In the non-display area NDA of the display panel
10, a pad portion PA including the data pads DP1 to DPp,
the floating pads FD1 and FD2, and the power pads PP1
and PP2, the integrated driving circuit 20, the first floating
line FL1, the second floating line FL2, and the second
voltage lines QVSSL may be disposed.
[0063] The pad portion PA including the data pads DP1
to DPp, the floating pads FD1 and FD2, and the power
pads PP1 and PP2 may be disposed on an edge of one
side of the display panel 10, for example, disposed on
an edge of a lower side of the display panel 10. The data
pads DP1 to DPp, the floating pads FD1 and FD2, and
the power pads PP1 and PP2 may be disposed to be
parallel in a first direction (X-axis direction) in the pad
portion PA.
[0064] The circuit board 40 may be bonded on the data
pads DP1 to DPp, the floating pads FD1 and FD2, and
the power pads PP1 and PP2 using an anisotropic con-
ductive film. Thus, the circuit board 40 may be electrically
connected to the data pads DP1 to DPp, the floating pads
FD1 and FD2, and the power pads PP1 and PP2.
[0065] The integrated driving circuit 20 may be con-
nected to the data pads DP1 to DPp through link lines
LL. The integrated driving circuit 20 may receive digital
video data DATA and timing signals through the data
pads DP1 to DPp. The integrated driving circuit 20 may
convert the digital video data DATA into analog data volt-
ages and supply the analog data voltages to the data
lines DL1 to DLm of the display panel 10.
[0066] The second voltage lines QVSSL may be con-
nected to the first power pad PP1 and the second power
pad PP2 of the pad portion PA. The second voltage lines
QVSSL may extend to be long in the second direction
(Y-axis direction) in the non-display area NDA on a left
outer side and a right outer side of the display area DA.
The second voltage lines QVSSL may be connected to

the second electrode lines 220. Thus, the second voltage
QVSS of the power supply circuit 50 may be applied to
the second electrode lines 220 through the circuit board
40, the first power pad PP1, the second power pad PP2,
and the second voltage lines QVSSL.
[0067] The first floating line FL1 may be connected to
a first floating pad FD1 of the pad portion PA. The first
floating line FL1 may extend to be long in the second
direction (Y-axis direction) in the non-display area NDA
on the left outer side and the right outer side of the display
area DA.
[0068] The second floating line FL2 may be connected
to a second floating pad FD2 of the pad portion PA. The
second floating line FL2 may extend to be long in the
second direction (Y-axis direction) in the non-display ar-
ea NDA on the left outer side and the right outer side of
the display area DA. The first and second floating pads
FD1 and FD2 and the first and second floating lines FL1
and FL2 may be dummy pads and dummy lines to which
any voltage is not applied.
[0069] The first floating line FL1 and the second float-
ing line FL2 are lines for applying an alignment signal
during a manufacturing process, and no voltage may be
applied to the first floating line FL1 and the second float-
ing line FL2 in the completed display device. Alternative-
ly, a ground voltage may be applied to the first floating
line FL1 and the second floating line FL2 so as to prevent
static electricity in the completed display device.
[0070] In addition, although not shown in the drawings,
in the display panel 10, the first voltage line QVDDL for
applying the first voltage QVDD to each pixel PX may be
further disposed. One side of the first voltage line QVDDL
may be connected to another pad (not shown) to apply
a predetermined voltage to each pixel PX or each sub-
pixel PXn.
[0071] Meanwhile, during the manufacturing process
of the display panel 10, an electric field may be formed
in each pixel PX or each sub-pixel PXn so as to align the
light-emitting elements 300. Specifically, during the man-
ufacturing process, a dielectrophoretic force may be ap-
plied to the light-emitting elements 300 using a dielectro-
phoresis method to align the light-emitting elements 300.
Since the ground voltage is applied to the first electrode
lines 210 and an alternating voltage (AC) is applied to
the second electrode lines 220 to form an electric field in
the pixel PX or the sub-pixel PXn, the light-emitting ele-
ments 300 may receive the dielectrophoretic force
through the electric field to be aligned between elec-
trodes.
[0072] FIG. 4 is a circuit diagram illustrating one pixel
of FIG. 2.
[0073] Each of the first sub-pixel PX1, the second sub-
pixel PX2, and the third sub-pixel PX3 may be connected
to at least one among the data lines DL1 to DLm, at least
one among the scan lines SL1 to SLn, and the first voltage
line QVDDL. The data lines DLj may transmit data signals
to the sub-pixels PXn, a scan line SLk may transmit scan
signals GW and GB to the sub-pixels PXn, and the first
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voltage line QVDDL may transmit a driving current or an
alignment signal to the sub-pixels PXn.
[0074] Meanwhile, in this disclosure, terms "first," "sec-
ond," and the like are used to refer to each of compo-
nents, but these are used to simply distinguish the com-
ponents from each other and do not necessarily refer to
a corresponding component. That is, the components
defined as first, second, and the like are not necessarily
limited to a specific structure or location and, in some
cases, other numbers may be assigned to the compo-
nents. Therefore, the number assigned to each compo-
nent may be described through the drawings and the
following description, and a first component mentioned
below may be a second component within the technical
idea of the present invention.
[0075] Each of the first sub-pixel PX1, the second sub-
pixel PX2, and the third sub-pixel PX3 may include the
light-emitting elements 300, a plurality of transistors for
supplying a current to the light-emitting elements 300,
and at least one capacitor.
[0076] The plurality of transistors may include a first
transistor TR1 for applying a driving voltage to the light-
emitting elements 300, and a second transistor TR2 for
applying a data signal DATA to a gate electrode of the
first transistor TR1.
[0077] In FIG.4, although the sub-pixel PXn has been
illustrated as being a two transistor-one capacitor (2T1C)
structure having one first transistor TR1, one second
transistor TR2, and one capacitor Cst, the present inven-
tion is not limited thereto. The sub-pixel PXn may include
a greater number of transistors and a plurality of capac-
itors.
[0078] Each of the first and second transistors TR1 and
TR2 may include a first electrode, a second electrode,
and a gate electrode. One of the first electrode and the
second electrode may be a source electrode, and the
other thereof may be a drain electrode.
[0079] Each of the first and second transistors TR1 and
TR2 may be formed of a thin film transistor. In addition,
in FIG. 4, although each of the first and second transistors
TR1 and TR2 has been described as being formed of a
p-type metal oxide semiconductor field effect transistor
(MOSFET), the present invention is not limited thereto.
Each of the first transistor TR1 and the second transistor
TR2 may be formed of an n-type MOSFET. In this case,
positions of the source electrode and the drain electrode
of each of the first transistor TR1 and the second tran-
sistor TR2 may be changed. Hereinafter, a case in which
each of the first and second transistors TR1 and TR2 is
formed of a P-type MOSFET will be described.
[0080] One end of the light-emitting element 300 is
connected to the first electrode line 210 of the display
panel 10, and the other end thereof is connected to the
second electrode line 220. As described below, one of
the first electrode line 210 and the second electrode line
220 may be an anode electrode, and the other one there-
of may be a cathode electrode. However, the present
invention is not limited thereto and may be possible to

be reversed. Hereinafter, a case in which the first elec-
trode line 210 is an anode electrode and the second elec-
trode line 220 is a cathode electrode will be described.
[0081] The first electrode line 210 connected to the
light-emitting element 300 may be connected to a third
node N3 of FIG. 4, and the second electrode line 220
may be connected to the second voltage line QVSSL.
The light-emitting element 300 may receive a predeter-
mined current or a predetermined signal transmitted to
a first node N1 through the third node N3.
[0082] The first transistor TR1 (or a driving transistor)
may include a first electrode connected (or electrically
connected) to the first node N1, a second electrode con-
nected to the first voltage line QVDDL, and a gate elec-
trode connected to a second node N2. The first transistor
TR1 may provide a driving voltage applied from the first
voltage line QVDDL to the light-emitting element 300
based on a voltage of the second node N2 (or a voltage
stored in the capacitor Cst which will described below).
[0083] The second transistor TR2 (or a switching tran-
sistor) may include a first electrode connected to the data
line DLj (j is an integer satisfying 1≤j≤m), a second elec-
trode connected to the second node N2, and a gate elec-
trode connected to the first scan line SLk (k is an integer
satisfying 1≤k≤n) which supplies a first scan signal GW.
In response to the first scan signal GW, the second tran-
sistor TR2 may be turned to transmit the data signal DA-
TA, which is transmitted from the data line DLj, to the first
node N2.
[0084] The capacitor Cst may be connected between
the second node N2 and the first voltage line QVDDL.
The capacitor Cst may store or maintain the data signal
DATA which is provided.
[0085] Hereinafter, structures and arrangements of
members disposed in each sub-pixel PXn will be de-
scribed.
[0086] FIG. 5 is an enlarged schematic diagram of por-
tion A of FIG. 3. FIG. 5 may be understood as an enlarged
view by rotating portion A of FIG. 3 by as much as 180°.
[0087] Referring to FIG. 5, each pixel PX may include
the first sub-pixel PX1, the second sub-pixel PX2, and
the third sub-pixel PX3. The first sub-pixel PX1, second
sub-pixel PX2, and third sub-pixel PX3 of each pixel PX
may be disposed in the form of a matrix in regions by a
cross structure of scan lines SLk and SLk+1 and data
lines DLj, DLj+1, DLj+2, and DLj+3. The scan lines SLk
and SLk+1 may be disposed to extend to be long in the
first direction (X-axis direction), and the data lines DLj,
DLj+1, DLj+2, and DLj+3 may be disposed to extend to
be long in the second direction (Y-axis direction) inter-
secting the first direction (X-axis direction).
[0088] Each of the first sub-pixel PX1, second sub-pix-
el PX2, and third sub-pixel PX3 may include the first elec-
trode line 210, the second electrode line 220, and the
plurality of light-emitting elements 300. The first electrode
line 210 and the second electrode line 220 may be elec-
trically connected to the light-emitting elements 300 and
may each receive a voltage so as to allow the light-emit-
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ting elements 300 to emit light. Here, the voltage applied
to allow the light-emitting elements 300 to emit light may
be transmitted through the first transistor TR1 of FIG. 4.
[0089] In addition, at least a portion of each of the elec-
trode lines 210 and 220 may be utilized to form an electric
field in the pixel PX so as to align the light-emitting ele-
ments 300. The voltage applied to allow the light-emitting
elements 300 to be aligned may be transmitted through
the first transistor TR1 of FIG. 4.
[0090] A plurality of electrode lines 210 and 220 may
include a first electrode line 210 and a second electrode
line 220. In an example, the first electrode line 210 may
be a pixel electrode which is separated in each pixel PX,
and the second electrode line 220 may be a common
electrode which is commonly connected along the plu-
rality of pixels PX. One of the first electrode line 210 and
the second electrode line 220 may be an anode electrode
of the light-emitting element 300, and the other one there-
of may be a cathode electrode of the light-emitting ele-
ment 300. However, the present invention is not limited
thereto and may be possible to be reversed.
[0091] The first electrode line 210 and the second elec-
trode line 220 may include electrode stem portions 210S
and 220S disposed to extend in the first direction (X-axis
direction) and at least one electrode branch portions
210B and 220B extending in the second direction (Y-axis
direction) intersecting the first direction and branching off
from the electrode stem portions 210S and 220S.
[0092] Specifically, the first electrode line 210 may in-
clude the first electrode stem portion 210S disposed to
extend in the first direction (X-axis direction), and at least
one first electrode branch portion 210B branching off
from the first electrode stem portion 210S to extend in
the second direction (Y-axis direction).
[0093] The first electrode stem portion 210S of any one
pixel may be disposed substantially collinear with a first
electrode stem portion 210S of an adjacent sub-pixel PXn
(e.g., which is adjacent in the first direction (X-axis direc-
tion) belonging to the same row. In other words, two ends
of the first electrode stem portion 210S of one pixel are
spaced apart and terminated between the pixels PX, and
a first electrode stem portion 210S of an adjacent pixel
may be aligned with an extension line of the first electrode
stem portion 210S of the one pixel. Thus, the first elec-
trode stem portion 210S disposed in each pixel PXn may
apply different electrical signals to first electrode branch
portions 21B, and the first electrode branch portions
210B may be driven separately.
[0094] An arrangement of the first electrode stem por-
tion 210S may be formed such that a single connected
stem electrode is formed during the manufacturing proc-
ess and then disconnected through a laser or the like
before the light-emitting elements 300 are aligned.
[0095] The first electrode branch portion 21B may
branch off from at least a portion of the first electrode
stem portion 210S and may be disposed to extend in the
second direction (Y-axis direction). The first electrode
branch portion 210B may be terminated in a state of being

spaced apart from the second electrode stem portion
220S which is disposed to be opposite to the first elec-
trode stem portion 210S.
[0096] In addition, one or more first electrode branch
portions 210B may be disposed in each pixel PX. FIG. 5
illustrates that two first electrode branch portions 210B
are disposed, and the second electrode branch portion
220B is disposed therebetween, but the present inven-
tion is not limited thereto, and a greater number of first
electrode branch portions 210B may be disposed. In
some embodiments, the second electrode branch portion
220B is disposed between the first electrode branch por-
tions 210B so that each sub-pixel PXn may have a sym-
metrical structure based on the second electrode branch
portion 220B. However, the present invention is not lim-
ited thereto.
[0097] The second electrode line 220 may include the
second electrode stem portion 220S which extends in
the first direction (X-axis direction) and is disposed to be
spaced apart from and opposite to the first electrode stem
portion 210S, and at least one second electrode branch
portion 220B which branches off from the second elec-
trode stem portion 220S and extends in the second di-
rection (Y-axis direction) to be spaced apart from and
opposite to the first electrode branch portion 210B. How-
ever, one end portion of the second electrode stem por-
tion 220S may extend to a plurality of adjacent pixels PXn
in a first direction D1. Thus, the two ends of the second
electrode stem portion 220S of any one pixel may be
connected to one end of a second electrode stem portion
220S of an adjacent pixel among the pixels PX.
[0098] The second electrode branch portion 220B may
be spaced apart from and opposite to the first electrode
branch portion 210B and terminated in a state of being
spaced apart from the first electrode stem portion 210S.
That is, one end portion of the second electrode branch
portion 220B may be connected to the second electrode
stem portion 220S, and the other end portion thereof may
be disposed in the pixel PX in a state of being spaced
apart from the first electrode stem portion 210S.
[0099] The first electrode branch portion 210B extends
in one direction of the second direction (Y-axis direction),
and the second electrode branch portion 220B extends
in the other direction of the second direction (Y-axis di-
rection) so that the one end portions of the branch por-
tions may be disposed in opposite directions based on a
central portion of the pixel PX. However, the present in-
vention is not limited thereto, and the first electrode stem
portion 210S and the second electrode stem portion
220S may be disposed to be spaced apart from each
other in the same direction based on the central portion
of the pixel PX. In this case, the first electrode branch
portion 210B and the second electrode branch portion
220B branching off from the electrode stem portions
210S and 220S, respectively, may extend in the same
direction.
[0100] The plurality of light-emitting elements 300 may
be disposed between the first electrode branch portion

13 14 



EP 3 913 672 A1

9

5

10

15

20

25

30

35

40

45

50

55

210B and the second electrode branch portion 220B.
One end portions of at least some of the plurality of light-
emitting elements 300 may be electrically connected to
the first electrode branch portion 210B and the other end
portions thereof may be electrically connected to the sec-
ond electrode branch portion 220B.
[0101] The plurality of light-emitting elements 300 may
be spaced apart from each other in the second direction
(Y-axis direction) and disposed substantially parallel to
each other. A separation gap between the light-emitting
elements 300 is not particularly limited. In some cases,
the plurality of light-emitting elements 300 may be dis-
posed adjacent to each other to form a group, and a plu-
rality of other light-emitting elements 300 may be grouped
in a state of being spaced at regular intervals from each
other, may have a nonuniform density, and may be ori-
ented and aligned in one direction.
[0102] A contact electrode 260 may be disposed on
each of the first electrode branch portion 210B and the
second electrode branch portion 220B.
[0103] A plurality of contact electrodes 260 may be dis-
posed to extend in the second direction (Y-axis direction)
and disposed to be spaced apart from each other in the
first direction (X-axis direction). The contact electrode
260 may be in contact with at least one end portion of
the light-emitting element 300, and the contact electrode
260 may be in contact with the first electrode line 210 or
the second electrode line 220 to receive an electrical sig-
nal. Thus, the contact electrode 260 may transmit an
electrical signal, which is transmitted from each of the
electrode lines 210 and 220, to the light-emitting element
300.
[0104] The contact electrode 260 may be disposed to
partially cover the electrode branch portions 210B and
220B on each of the electrode branch portions 210B and
220B and may include a first contact electrode 261 and
a second contact electrode 262 which are in contact with
one end portion or the other end portion of the light-emit-
ting element 300.
[0105] The first contact electrode 261 may be disposed
on the first electrode branch portion 210B and may be in
contact with one end portion of the light-emitting element
300 which is electrically connected to the first electrode
line 210. The second contact electrode 262 may be dis-
posed on the second electrode branch portion 220B and
may be in contact with the other end portion of the light-
emitting element 300 which is electrically connected to
the second electrode line 220.
[0106] In some embodiments, the two end portions of
the light-emitting element 300 electrically connected to
the first electrode branch portion 210B or the second
electrode branch portion 220B may be conductive sem-
iconductor layers doped with an n-type or p-type. When
one end portion of the light-emitting element 300 electri-
cally connected to the first electrode branch portion 210B
is a conductive semiconductor layer doped with a p-type,
the other end portion of the light-emitting element 300
electrically connected to the second electrode branch

portion 220B may be a conductive semiconductor layer
doped with an n-type. However, the present invention is
not limited thereto and may be possible to be reversed.
[0107] Meanwhile, the first electrode stem portion
210S may be electrically connected to the first transistor
TR1, which will be described below, through an electrode
contact hole CNTD. In addition, although not shown in
the drawings, the second electrode stem portion 220S
may be connected to the second voltage line QVSSL
through an electrode contact hole located in the non-
display area NDA. In this case, unlike the first electrode
stem portion 210S, in each sub-pixel PXn, a separate
electrode contact hole may be omitted from the second
electrode stem portion 220S. However, the present in-
vention is not limited thereto, and a predetermined elec-
trode contact hole may be formed even in the second
electrode stem portion 220S so that the second electrode
stem portion 220S may be electrically connected to the
second voltage line QVSSL.
[0108] Meanwhile, FIG. 5 illustrates only a plan view
in which the first electrode line 210, the second electrode
line 220, and the light-emitting elements 300 of the dis-
play panel 10 are disposed. However, as described be-
low, the first electrode line 210 and the second electrode
line 220 of the display panel 10 may be electrically con-
nected to members disposed in the circuit element layer
which is located below the first electrode line 210 and
the second electrode line 220. The members disposed
in the circuit element layer may constitute, including a
semiconductor layer and a plurality of conductive layers,
a plurality of elements.
[0109] Hereinafter, a specific configuration of the dis-
play panel 10 will be described in detail with reference
to a plan view and a cross-sectional view of the display
panel 10.
[0110] FIG. 6 is a cross-sectional view illustrating a cir-
cuit element layer taken along line I-I’ of FIG. 5. FIG. 7
is a partial plan view illustrating the circuit element layer
according to one embodiment, and FIG. 8 is a cross-
sectional view taken along line IIa-IIa’ of FIG. 7. FIG. 9
is a cross-sectional view illustrating the display element
layer taken along lines I-I’ and II-II’ of FIG. 5.
[0111] According to one embodiment, the display pan-
el 10 may include a circuit element layer 10a and a display
element layer 10b. The circuit element layer 10a may
include the first and second transistors TR1 and TR2 and
the capacitor Cst, which are described with reference to
FIG. 4, and the display element layer 10b may include
the first electrode line 210, the second electrode line 220,
and the light-emitting element 300. In the drawings, only
a layout diagram with respect to one sub-pixel PXn is
illustrated, but it is obvious that other sub-pixels PXn have
the same layout. Hereinafter, a description will be made
based on one sub-pixel PXn.
[0112] In addition, in the following description, even
when some components are substantially the same as
those mentioned in FIGS. 1 to 4, in order to easily de-
scribe an arrangement and a coupling relationship be-
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tween the components, new reference numerals are as-
signed to these components.
[0113] Meanwhile, lines I-I’ and II-II’ of FIG. 6 may cor-
respond to lines I-I’ and II-II’ of FIG. 5, respectively. That
is, it may be understood that the cross-sectional view
shown in FIG. 6 illustrates components located in the
circuit element layer 10a of the plan view of FIG. 5. In
addition, lines I-I’ and II-II’ of FIG. 9 correspond to lines
I-I’ and II-II’ of FIG. 5, and it may be understood that FIG.
9 partially illustrates components located in the display
element layer 10b. Hereinafter, a plurality of members of
the display panel 10 will be described in detail with ref-
erence to FIGS. 5 to 9.
[0114] Referring to FIGS. 5 to 9, the circuit element
layer 10a may include a first transistor 120, a second
transistor 140, a data line 191, a conductive pattern 193,
a voltage line 195, and a via layer 200.
[0115] The display element layer 10b may be disposed
on the via layer 200 and may include banks 410 and 420,
reflective layers 211 and 221, electrode layers 212 and
222, a first insulating layer 510, a first contact electrode
261, a second contact electrode 262, a second insulating
layer 520, and a passivation layer 550. The reflective
layers 211 and 221 and the electrode layers 212 and 222
may constitute the electrodes 210 and 220.
[0116] Each of the above-described layers may be
formed of a single layer or may also be formed of a
stacked layer including a plurality of layers. In addition,
another layer may be further disposed between the
above-described layers. In particular, the circuit element
layer 10a is not limited to the structure shown in FIGS. 6
to 8, and a greater number of conductive layers, insulat-
ing layers, and signal lines may be further disposed in
the circuit element layer 10a.
[0117] Hereinafter, the circuit element layer 10a of the
display panel 10 will be described with reference to FIGS.
6 to 8, and then the display element layer 10b will be
described with reference to FIGS. 5 and 9.
[0118] First, referring to FIGS. 6 to 8, a substrate 100
supports layers disposed thereon. The substrate 100
may be an insulating substrate made of an insulating
material such as glass, quartz, a polymer resin, or the
like. Examples of a polymer material may include poly-
ethersulphone (PES), polyacrylate (PA), polyarylate
(PAR), polyetherimide (PEI), polyethylene napthalate
(PEN), polyethylene terepthalate (PET), polyphenylene
sulfide (PPS), polyallylate, polyimide (PI), polycarbonate
(PC), cellulose triacetate (CAT), cellulose acetate propi-
onate (CAP), and a combination thereof. The substrate
100 may include a metal material.
[0119] In addition, the substrate 100 may be a rigid
substrate or a flexible substrate which is bendable, fold-
able, rollable, and the like. However, the present inven-
tion is not limited thereto.
[0120] A buffer layer 110 may be disposed on the sub-
strate 100. The buffer layer 110 may prevent diffusion of
impurity ions and infiltration of water or outdoor air and
perform a surface planarization function. The buffer layer

110 may include silicon nitride, silicon oxide, silicon ox-
ynitride, or the like. Meanwhile, a plurality of other layers
may be further disposed between the substrate 100 and
the buffer layer 110.
[0121] The first transistor 120 (121, 123, 124, and 126)
and the second transistor 140 (141, 143, 144, and 146)
are disposed on the substrate 100. The first transistor
120 may be a driving transistor for driving the display
element layer 10b as the first transistor TR1 of FIG. 4,
and the second transistor 140 may be a switching tran-
sistor for transmitting the data signal DATA to the first
transistor TR1 as the second transistor TR2 of FIG. 4.
[0122] The first transistor 120 includes a first gate elec-
trode 121, a first active layer 126, a first source electrode
123, and a first drain electrode 124. The second transistor
140 includes a second gate electrode 141, a second ac-
tive layer 146, a second source electrode 143, and a
second drain electrode 144.
[0123] The first gate electrode 121 and the second gate
electrode 141 are disposed on the buffer layer 110. The
first gate electrode 121 may constitute a gate electrode
of the first transistor 120, and the second gate electrode
141 may constitute a gate electrode of the second tran-
sistor 140. Each of the first gate electrode 121 and the
second gate electrode 141 may be formed of a conduc-
tive metal layer. For example, each of the first gate elec-
trode 121 and the second gate electrode 141 may include
one or more metals selected from among molybdenum
(Mo), aluminum (Al), platinum (Pt), palladium (Pd), silver
(Ag), magnesium (Mg), gold (Au), nickel (Ni), neodymium
(Nd), iridium (Ir), chromium (Cr), calcium (Ca), titanium
(Ti), tantalum (Ta), tungsten (W), and copper (Cu).
[0124] The first gate insulating film 130 is disposed on
the first gate electrode 121 and the second gate electrode
141. The first gate insulating film 130 may be a gate in-
sulating film having a gate insulating function. The first
gate insulating film 130 may include a silicon compound,
metal oxide, or the like. For example, the first gate insu-
lating film 130 may include silicon oxide, silicon nitride,
silicon oxynitride, aluminum oxide, tantalum oxide, haf-
nium oxide, zirconium oxide, titanium oxide, or the like.
These may be used alone or as a combination thereof.
The first gate insulating film 130 may be a single layer or
a multiple layer made of stacked layers of different ma-
terials.
[0125] The first active layer 126 and the second active
layer 146 are disposed on the first gate insulating film
130. The first active layer 126 and the second active layer
146 may be active layers forming channels of the first
transistor 120 and the second transistor 140. Each of the
first active layer 126 and the second active layer 146 may
include a channel region.
[0126] The first active layer 126 may overlap the first
gate electrode 121 with the first gate insulating film 130
interposed therebetween, and the overlapping region
may form a first channel region. The second active layer
146 may overlap the second gate electrode 141 with the
first gate insulating film 130 interposed therebetween,
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and the overlapping region may form a second channel
region.
[0127] Each of the first active layer 126 and the second
active layer 146 may be made of an oxide semiconductor.
The oxide semiconductor may include a binary com-
pound (ABx), a ternary compound (ABxCy), or a tetra
compound (ABxCyDz), which contains indium, zinc, gal-
lium, tin, Ti, Al, hafnium (Hf), zirconium (Zr), Mg, and the
like. In one embodiment, the oxide semiconductor may
include an indium tin zinc oxide (ITZO) (which is an oxide
including indium, tin, and Ti) or indium gallium zinc oxide
(IGZO) (which is an oxide including indium, gallium, and
tin). That is, according to one embodiment, each of the
first transistor 120 and the second transistor 140 may
have a bottom-gate structure in which a channel region
is disposed above the gate electrodes 121 or 141, and
the channel region may include an oxide semiconductor.
Thus, when the display device 1 is manufactured, a man-
ufacturing cost of the circuit element layer 10a may be
reduced.
[0128] The first source/drain electrodes 123 and 124
and the second source/drain electrodes 143 and 144 are
disposed on the first active layer 126 and the second
active layer 146 on the first gate insulating film 130. The
first source electrode 123 is disposed on one side of the
first active layer 126, and the first drain electrode 124 is
disposed on the other side of the first active layer 126.
The second source electrode 143 is disposed on one
side of the second active layer 146, and the second drain
electrode 144 is disposed on the other side of the second
active layer 146. Each of the first source/drain electrodes
123 and 124 and the second source/drain electrodes 143
and 144 may include one or more metals selected from
among Mo, Al, Pt, Pd, Ag, Mg, Au, Ni, Nd, Ir, Cr, Ca, Ti,
Ta, W, and Cu.
[0129] Meanwhile, the data line 191 and the conductive
pattern 193 may be further disposed on the first gate
insulating film 130. The data line 191 may transmit a data
signal (hereinafter referred to as a "data signal DATA" in
FIG. 4). One side of the conductive pattern 193 is dis-
posed on the data line 191, and the other side thereof is
disposed on the second source electrode 143 of the sec-
ond transistor 140. The second transistor 140 may re-
ceive the data signal DATA transmitted to the data line
191 through the conductive pattern 193.
[0130] Specifically, to describe with reference to FIGS.
5, 7, and 8, the data line 191 may extend in one direction.
As shown in FIG. 5, the data line 191 may extend in the
second direction (Y-axis direction) and cross the bound-
ary of the pixel PX or the sub-pixel PXn to extend to an
adjacent pixel PX or sub-pixel PX. The data line 191 may
be disposed on one side of one pixel or one sub-pixel,
for example, disposed adjacent to a left of one pixel or
one sub-pixel.
[0131] The gate line GL may extend in one direction
and may partially overlap the data line 191. The gate line
GL may extend in the first direction (X-axis direction) and
overlap the data line 191 which extends in the second

direction (Y-axis direction). According to one embodi-
ment, the data line 191 may include a protrusion 191a
protruding in the first direction (X-axis direction) in a re-
gion overlapping the gate line GL.
[0132] The protrusion 191a of FIG. 7 may be the data
line 191 of FIG. 8. The protrusion 191a of the data line
191 may protrude in the first direction (X-axis direction)
and may be spaced apart from the second source elec-
trode 143 of the second transistor 140 and terminated.
The protrusion 191a of the data line 191 and the second
source electrode 143 of the second transistor 140 may
be disposed to be spaced apart from each other, and the
conductive pattern 193 may be disposed between the
protrusion 191a and the second source electrode 143.
[0133] The data line 191 and the conductive pattern
193 may include the same material as the second source
electrode 143. That is, the conductive pattern 193 may
include a conductive metal material and may electrically
connect the data line 191 to the second source electrode
143. The data signal DATA transmitted from the data line
191 may be transmitted to the second source electrode
143 of the second transistor 140 through the protrusion
191a and the conductive pattern 193.
[0134] A first protection film 150 is disposed on the first
source/drain electrodes 123 and 124, the second
source/drain electrodes 143 and 144, the data line 191,
and the conductive pattern 193. The first protection film
150 may be formed of an inorganic layer, for example, a
silicon oxide film (SiOx), a silicon nitride film (SiNx), or a
multi-layer thereof.
[0135] The voltage line 195 is disposed on the first pro-
tection film 150. Although not shown in the drawings, the
voltage line 195 may be electrically connected to the first
transistor 120 to transmit a voltage signal "QVDD" or
"QVSS" (see FIG. 4) thereto. The voltage line 195 may
extend in one direction. The voltage line 195 may extend
in the second direction (Y-axis direction) and cross the
boundary of the pixel PX or the sub-pixel PXn to extend
to an adjacent pixel PX or sub-pixel PX. The voltage line
195 may be disposed on one side of one pixel or one
sub-pixel, for example, disposed adjacent to a right of
one pixel or one sub-pixel.
[0136] A second protection film 170 is disposed on the
voltage line 195 and the first protection film 150. The
second protection film 170 may be disposed to cover,
including the voltage line 195, other members not shown
in the drawings. The second protection film 170 may per-
form substantially the same function as the first protection
film 150.
[0137] The via layer 200 may be formed on the second
protection film 170. The via layer 200 may be disposed
to cover an entirety of the circuit element layer 10a and
may perform a function of supporting members of the
display element layer 10b, which will be described below.
In addition, the via layer 200 may perform a function of
planarizing a step due to the first and second transistors
120 and 140 of the circuit element layer 10a and the
voltage line 195. The via layer 200 may be formed of an

19 20 



EP 3 913 672 A1

12

5

10

15

20

25

30

35

40

45

50

55

organic film such as an acrylic resin, an epoxy resin, a
phenolic resin, a polyamide resin, or a polyimide resin.
[0138] Meanwhile, as described below, the first drain
electrode 124 of the first transistor 120 may be electrically
connected to the first electrode line 210 of the display
element layer 10b, which will be described below,
through the electrode contact hole CNTD passing
through the via layer 200, the second protection film 170,
and the first protection film 150. The first transistor 120
may be connected to the voltage line 195 and the second
drain electrode 144 of the second transistor 140 and may
transmit an electrical signal to the first electrode line 210
of the display element layer 10b.
[0139] In FIGS. 6 to 8, only some members of the circuit
element layer 10a have been illustrated, and the present
embodiment is not limited thereto. The circuit element
layer 10a may include a greater number of members not
shown in the drawings.
[0140] Next, the display element layer 10b will be de-
scribed with reference to FIGS. 5 and 9.
[0141] A plurality of banks 410, 420, and 430 are dis-
posed on the via layer 200. The plurality of banks 410,
420, and 430 may be disposed to be separated from each
other in each sub-pixel PXn. The plurality of banks 410,
420, and 430 may include the first bank 410 and the sec-
ond bank 420 which are disposed adjacent to a central
portion of the sub-pixel PXn, and the third bank 430 dis-
posed at a boundary between the sub-pixels PXn.
[0142] When an ink I is sprayed using an inkjet printing
device during the manufacturing of the display panel 10,
the third bank 430 may perform a function of blocking the
ink I from crossing a boundary of the sub-pixel PXn. In
addition, when the display panel 10 further includes other
members, the other members may be disposed on the
third bank 430 and the third bank 430 may perform a
function of supporting the other members. However, the
present invention is not limited thereto.
[0143] The first bank 410 and the second bank 420 are
disposed to be separated from and opposite to each oth-
er. The first electrode line 210 may be disposed on the
first bank 410, and the second electrode line 220 may be
disposed on the second bank 420. Referring to FIGS. 5
and 9, it can be understood that the first electrode branch
portion 210B is disposed on the first bank 410, and the
second bank 420 is disposed on the second bank 420.
[0144] As described above, the first bank 410, the sec-
ond bank 420, and the third bank 430 may be formed
substantially in the same process. Thus, the banks 410,
420, and 430 may constitute a single grid pattern. Each
of the plurality of banks 410, 420, and 430 may include
polyimide (PI).
[0145] Each of the plurality of banks 410, 420, and 430
may have a structure in which at least a portion protrudes
from the via layer 200. The banks 410, 420, and 430 may
protrude upward from a flat surface on which the light-
emitting element 300 is disposed, and at least a part of
each of the protruding portions may have a slope. A
shape of each of the banks 410, 420, and 430 having the

protruding structures is not particularly limited. As shown
in the drawing, the first bank 410 and the second bank
420 protrude to the same height, and the third bank 430
may have a shape protruding to a higher position.
[0146] Reflective layers 211 and 221 may be disposed
on the first bank 410 and the second bank 420, and elec-
trode layers 212 and 222 may be disposed on the reflec-
tive layers 211 and 221. The reflective layers 211 and
221 and the electrode layers 212 and 222 may constitute
the electrodes 21 and 22.
[0147] The reflective layers 211 and 221 include a first
reflective layer 211 and a second reflective layer 221.
The first reflective layer 211 may cover the first bank 410,
and the second reflective layer 221 may cover the second
bank 420. Portions of the reflective layers 211 and 221
are electrically connected to the circuit element layer 10a
through a contact hole passing through the via layer 200.
[0148] Each of the reflective layers 211 and 221 may
include a material having high reflectance to reflect light
emitted from the light-emitting element 300. For example,
each of the reflective layers 211 and 221 include a ma-
terial such as Ag, Cu, ITO, IZO, or ITZO, but the present
invention is not limited thereto.
[0149] The electrode layers 212 and 222 include a first
electrode layer 210B and a second electrode layer 220B.
The electrode layers 212 and 222 may have patterns
substantially equal to patterns of the reflective layers 211
and 221. The first reflective layer 211 and the first elec-
trode layer 210B are disposed to be spaced apart from
the second reflective layer 221 and the second electrode
layer 220B.
[0150] Each of the electrode layers 212 and 222 in-
cludes a transparent conductive material, and thus light
emitted from the light-emitting element 300 may be inci-
dent on the reflective layers 211 and 221. For example,
each of the electrode layers 212 and 222 may include a
material such as ITO, IZO, or ITZO, but the present in-
vention is not limited thereto.
[0151] In some embodiments, the reflective layers 211
and 221 and the electrode layers 212 and 222 may form
a structure in which one or more transparent conductive
layers including ITO, IZO, or ITZO, and one or more metal
layers including Ag or Cu are stacked. For example, the
reflective layers 211 and 221 and the electrode layers
212 and 222 may form a stacked structure of
ITO/Ag/ITO/IZO.
[0152] Meanwhile, in some embodiments, the first
electrode line 210 and the second electrode line 220 may
be formed as a single layer. That is, the reflective layers
211 and 221 and the electrode layers 212 and 222 may
be formed as a single layer to transmit an electrical signal
to the light-emitting element 300 and, simultaneously,
reflect light. For example, each of the first electrode line
210 and the second electrode line 220 may include an
alloy containing Al, Ni, and lanthanum (La) as a conduc-
tive material having high reflectance. However, the
present invention is not limited thereto.
[0153] The first insulating layer 510 is disposed to par-
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tially cover the first electrode line 210 and the second
electrode line 220. The first insulating layer 510 may be
disposed to cover most of upper surfaces of the first elec-
trode line 210 and the second electrode line 220 and may
expose portions of the first electrode line 210 and the
second electrode line 220. The first insulating layer 510
may be disposed to partially cover an area in which the
first electrode line 210 is spaced apart from the second
electrode line 220 and an area opposite to the area in
which the first electrode line 210 is spaced apart from
the second electrode line 220.
[0154] The first insulating layer 510 is disposed to ex-
pose relatively flat upper surfaces of the first electrode
line 210 and the second electrode line 220 and disposed
to allow the electrode lines 210 and 220 to overlap in-
clined surfaces of the first bank 410 and the second bank
420. The first insulating layer 510 forms a flat upper sur-
face to allow the light-emitting element 300 to be dis-
posed, and the flat upper surface extend toward the first
electrode line 210 210 and the second electrode line 220
in one direction. The extension portion of the first insu-
lating layer 510 is terminated at inclined surfaces of the
first electrode line 210 and the second electrode line 220.
Thus, the contact electrodes 260 may be in contact the
exposed first electrode line 210 and the exposed second
electrode line 220 and may be in smooth contact with the
light-emitting element 300 on the flat upper surface of
the first insulating layer 510.
[0155] The first insulating layer 510 may protect the
first electrode line 210 and the second electrode line 220
and, simultaneously, insulate the first electrode line 210
from the second electrode line 220. In addition, the first
insulating layer 510 may prevent the light-emitting ele-
ment 300 disposed thereon from being damaged due to
a direct contact with other members.
[0156] The light-emitting element 300 may be dis-
posed on the first insulating layer 510. At least one light-
emitting element 300 may be disposed on the first insu-
lating layer 510 between the first electrode line 210 and
the second electrode line 220. The light-emitting element
300 may include a plurality of layers disposed in a direc-
tion horizontal to the via layer 200.
[0157] The light-emitting element 300 of the display
panel 10 according to one embodiment may include the
conductive semiconductors and the active layer, which
are described above, and the conductive semiconduc-
tors and the active layer may be sequentially disposed
on the via layer 200 in a horizontal direction. As shown
in the drawing, in the light-emitting element 300, a first
conductivity type semiconductor 310, an active material
layer 330, a second conductivity type semiconductor 320,
and a conductive electrode layer 370 may be sequentially
disposed on the via layer 200 in the horizontal direction.
However, the present invention is not limited thereto. The
order of the plurality of layers disposed in the light-emit-
ting element 300 may be the opposite. In some cases,
when the light-emitting element 300 has another struc-
ture, the plurality of layers may be disposed in a direction

perpendicular to the via layer 200.
[0158] The second insulating layer 520 may be partially
disposed on the light-emitting element 300. The second
insulating layer 520 may protect the light-emitting ele-
ment 300 and, simultaneously, perform a function of fix-
ing the light-emitting element 300 during a process of
manufacturing the display panel 10. The second insulat-
ing layer 520 may be disposed to surround an outer sur-
face of the light-emitting element 300. That is, a portion
of a material of the second insulating layer 520 may be
disposed between a bottom surface of the light-emitting
element 300 and the first insulating layer 510. The second
insulating layer 520 may extend between the first elec-
trode branch portion 210B and the second electrode
branch portion 220B in the second direction D2 to have
an island shape or a linear shape when viewed in a plan
view.
[0159] The contact electrodes 260 are disposed on the
electrode lines 210 and 220 and the second insulating
layer 520. The first contact electrode 261 and the second
contact electrode 262 are disposed to be spaced apart
from each other on the second insulating layer 520. Thus,
the second insulating layer 520 may insulate the first con-
tact electrode 261 from the second contact electrode 262.
[0160] The first contact electrode 261 may be in con-
tact with at least the first electrode line 210, which is ex-
posed due to patterning of the first insulating layer 510,
and at least one end portion of the light-emitting element
300. The second contact electrode 262 may be in contact
with at least the second electrode line 220, which is ex-
posed due to the patterning of the first insulating layer
510, and at least the other end portion of the light-emitting
element 300. The first and second contact electrodes
26a and 26b may be in contact side surfaces of the two
end portions of the light-emitting element 300, for exam-
ple, the first conductivity type semiconductor 310, the
second conductivity type semiconductor 320, or the con-
ductive electrode layer 370. As described above, the first
insulating layer 510 forms the flat upper surface so that
the contact electrodes 260 may be in smooth contact with
the side surfaces of the light-emitting element 300.
[0161] The contact electrode 260 may include a con-
ductive material. For example, the contact electrode 260
may include ITO, IZO, ITZO, Al, or the like. However, the
present invention is not limited thereto.
[0162] The passivation layer 550 may be formed on
the second insulating layer 520 and the second contact
electrode 262 and may perform a function of protecting
the members of the display element layer 10b from an
external environment.
[0163] Each of the first insulating layer 510, the second
insulating layer 520, and the passivation layer 550, which
are described above, may include an inorganic insulating
material or an organic insulating material. In an example,
each of the first insulating layer 510, and the passivation
layer 550 may include a material such as SiOx, SiNx,
SiOxNy, Al2O3, aluminum nitride (AlN), or the like. The
second insulating layer 520 may be made of an organic
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insulating material including a photoresist or the like.
However, the present invention is not limited thereto.
[0164] Hereinafter, the circuit element layer 10a of the
display panel 10 according to another embodiment will
be described.
[0165] FIGS. 5 to 9 illustrate the above described dis-
play panel 10 including the first and second transistors
120 and 140 of the circuit element layer 10a, which have
a structure in which the active layers 126 and 146, each
having a channel region, are formed above the gate elec-
trodes 121 and 141. However, the present invention is
not limited thereto, and for example, the first and second
transistors 120 and 140 may have other structures in
which the active layers 126 and 146 are formed below
the gate electrodes 121 and 141 or other conductive lay-
ers may further be included.
[0166] FIG. 10 is a cross-sectional view illustrating a
circuit element layer according to another embodiment.
[0167] Referring to FIG. 10, gate electrodes 121 and
141 are formed on active layers 126 and 146 including
channel regions in a first transistor 120 and a second
transistor 140. That is, each of the first and second tran-
sistors 120 and 140 may have a top-gate structure.
[0168] The first active layer 126 and the second active
layer 146 are disposed on a buffer layer 110. The first
active layer 126 and the second active layer 146 may
include first conductorized regions 126a and 146a, sec-
ond conductorized regions 126b and 146b, and channel
regions 126c and 146c. The channel regions 126c and
146c may be disposed between the first conductorized
regions 126a and 146a and the second conductorized
regions 126b and 146b. As described above, each of the
first and second active layers 126 and 146 may be an
oxide semiconductor.
[0169] A first gate insulating film 130 is disposed on
the first active layer 126 and the second active layer 146.
The first and second gate electrodes 121 and 141 are
disposed on the first gate insulating film 130. The first
active layer 126 may overlap the first gate electrode 121
with the first gate insulating film 130 interposed therebe-
tween, and the first channel region 126c is formed in the
overlapping region. The second active layer 146 may
overlap the second gate electrode 141 with the first gate
insulating film 130 interposed therebetween, and the sec-
ond channel region 146c is formed in the overlapping
region.
[0170] Meanwhile, in the drawing, although the first
gate insulating film 130 is disposed only between the first
and second gate electrodes 121 and 141 and the first
and second active layers 126 and 146, the present in-
vention is not limited thereto. That is, as shown in FIG.
6, the first gate insulating film 130 may be disposed on
an entirety of the buffer layer 110, including the first and
second active layers 126 and 146.
[0171] The interlayer insulating film 132 is disposed on
the first and second gate electrodes 121 and 141 and is
disposed to cover an entirety of the first and second active
layers 126 and 146 and the buffer layer 110. A first contact

hole CNT1 passing through the interlayer insulating film
132 to expose a portion of an upper surface of the first
active layer 126, and a second contact hole CNT2 ex-
posing another portion of the upper surface thereof are
formed in the interlayer insulating film 132. A third contact
hole CNT3 passing through the interlayer insulating film
132 to expose a portion of an upper surface of the second
active layer 146, and a fourth contact hole CNT4 expos-
ing another portion of the upper surface thereof are
formed in the interlayer insulating film 132. The first con-
tact hole CNT1 may expose a first conductorized region
126a of the first active layer 126, the second contact hole
CNT2 may expose a second conductorized region 126b
of the first active layer 126, the third contact hole CNT3
may expose a first conductorized region 146a of the sec-
ond active layer 146, and the fourth contact hole CNT4
may expose a second conductorized region 146b of the
second active layer 146.
[0172] First source/drain electrodes 123 and 124 and
second source/drain electrodes 143 and 144 may be dis-
posed on the first gate insulating film 130. The first source
electrode 123 is in contact with the first conductorized
region 126a formed on one side of the first active layer
126 through the first contact hole CNT1. The first drain
electrode 124 is in contact with the second conductorized
region 126ba formed on the other side of the first active
layer 126 through the second contact hole CNT2. The
second source electrode 143 is in contact with the first
conductorized region 146a formed on one side of the
second active layer 146 through the third contact hole
CNT3. The second drain electrode 144 is in contact with
the second conductorized region 146b formed on the oth-
er side of the second active layer 146 through the fourth
contact hole CNT4.
[0173] According to one embodiment, in the first tran-
sistor 120 and the second transistor 140, gate electrodes
121 and 141 may be formed on the active layers 126 and
146, and the active layers 126 and 146 may include oxide
semiconductors, and thus the channel regions 126c and
146c may be formed. Description of other members are
the same as described above, and thus detailed descrip-
tion thereof will be omitted herein.
[0174] FIG. 11 is a cross-sectional view illustrating a
circuit element layer according to still another embodi-
ment.
[0175] Referring to FIG. 11, a circuit element layer 10a
according to one embodiment may further include a light
blocking layer 180 disposed between a substrate 100
and a buffer layer 110. In FIG. 11, only a first transistor
120 is shown as one transistor, but this may be equally
applied to a second transistor 140.
[0176] At least one light blocking layer 180 may be dis-
posed on the substrate 100. The light blocking layer 180
may be disposed between the substrate 100 and the buff-
er layer 110 and may perform a function of blocking light
incident on a first active layer 126 from the substrate 100.
The light blocking layer 180 is disposed to overlap the
first active layer 126 disposed on the buffer layer 110.
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For example, an area in which the light blocking layer
180 is disposed to cover the first active layer 126 may
be greater than an area of the first active layer 126. The
light blocking layer 180 may include a material which ab-
sorbs incident light or blocks transmission of the incident
light. For example, the light blocking layer 180 may be
formed of a single layer or a multi-layer made of any one
among Mo, Al, Cr, Au, Ti, Ni, Nd, and Cu, or an alloy
thereof.
[0177] Meanwhile, the first transistor 120 and the sec-
ond transistor 140 may be formed to have different struc-
tures and disposed on different layers.
[0178] FIG. 12 is a cross-sectional view illustrating a
circuit element layer according to yet another embodi-
ment.
[0179] Referring to FIG. 12, in a circuit element layer
10a according to one embodiment, a plurality of interlayer
insulating films 132a and 132b are disposed on a first
active layer 126 of a first transistor 120, and a second
gate electrode 141 of a second transistor 140 is disposed
between the interlayer insulating films 132a and 132b.
The interlayer insulating films 132a and 132b may include
a first interlayer insulating film 132a and a second inter-
layer insulating film 132b, and the first interlayer insulat-
ing film 132a and the second interlayer insulating film
132b may be sequentially disposed on the first active
layer 126. The second gate electrode 141 is disposed on
the first interlayer insulating film 132a, and a second ac-
tive layer 146 is disposed on the second interlayer insu-
lating film 132b.
[0180] In FIG. 12, the first transistor 120 may have a
structure in which the first gate electrode 121 is formed
on the first active layer 126 and may have substantially
the same shape as the first transistor 120 of FIG. 10. The
first transistor 120 of FIG. 12 is the same as the first
transistor 120 of FIG. 10, except that the first contact hole
CNT1 and the second contact hole CNT2 exposing the
first conductorized region 126a and the second conduc-
torized region 126b pass through the first and second
interlayer insulating films 132a and 132b.
[0181] Meanwhile, in this case, the first active layer
126 of the first transistor 120 may include other semicon-
ductor materials in addition to the oxide semiconductor.
For example, the first active layer 126 may include poly-
crystalline silicon. The polycrystalline silicon may be
formed by crystallizing amorphous silicon. Examples of
the crystallization method may include a rapid thermal
annealing (RTA) method, a solid phase crystallization
(SPC) method, an excimer laser annealing (ELA) meth-
od, a metal induced crystallization (MIC) method, a metal
induced lateral crystallization (MILC) method, a sequen-
tial lateral solidification (SLS) method, and the like, but
the present invention is not limited thereto. Alternatively,
the first active layer 126 may include monocrystalline sil-
icon, low temperature polycrystalline silicon, amorphous
silicon, or the like. However, the present invention is not
limited thereto.
[0182] Hereinafter, a detailed description of the first

transistor 120 will be omitted herein, and the second tran-
sistor 140 will be described.
[0183] The second transistor 140 may include the sec-
ond gate electrode 141 disposed on the first interlayer
insulating film 132a, the second active layer 146 dis-
posed on the second interlayer insulating film 132b, and
the second source/drain electrodes 143 and 144. The
data line 191 to which the data signal DATA is applied
and the conductive pattern 193 connecting the data line
191 to the second source electrode 143 may also be
disposed on the second interlayer insulating film 132b.
[0184] The first active layer 126, the second active lay-
er 146, the first gate electrode 121, and the second gate
electrode 141 may be disposed on different layers. The
first active layer 126 and the second active layer 146,
each including a semiconductor, may constitute a lower
semiconductor layer and an upper semiconductor layer
in the circuit element layer 10a.
[0185] In addition, in this case, the first transistor 120
and the second transistor 140 may be formed of different
types of transistors. In the above description, although
the first and second transistors 120 and 140 have been
described as being formed as p-type MOSFETs, at least
one of the first and second transistors 120 and 140 may
be formed as an n-type MOSFET. In addition, one of the
first and second transistors 120 and 140 may be formed
as a p-type MOSFET, and the other one thereof may be
formed as an n-type MOSFET. Detailed description of
other members will be omitted herein.
[0186] Meanwhile, the light-emitting element 300 may
include a semiconductor crystal to emit light of a specific
wavelength range. The light-emitting element 300 may
emit light toward an upper portion of the display element
layer 10b.
[0187] FIG. 13 is a schematic diagram illustrating the
light-emitting element according to one embodiment.
[0188] The light-emitting element 300 may be a light
emitting diode (LED). Specifically, the light-emitting ele-
ment 300 may be an inorganic LED having a micrometer
unit or nanometer unit size and made of an inorganic
material. The inorganic light emitting diode may be
aligned between two electrodes in which polarity is
formed by forming an electric field in a specific direction
between the two electrodes facing each other. The light-
emitting element 300 may be aligned between two elec-
trodes due to an electric field formed on the two elec-
trodes.
[0189] The light-emitting element 300 may include a
semiconductor crystal doped with an arbitrary conduc-
tivity type (e.g., p-type or n-type) impurity. The semicon-
ductor crystal may receive an electrical signal applied
from an external power source and emit light in a specific
wavelength range.
[0190] Referring to FIG. 13, the light-emitting element
300 according to one embodiment may include a first
conductivity type semiconductor 310, a second conduc-
tivity type semiconductor 320, an active material layer
330, and an insulating film 380. In addition, the light-emit-
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ting element 300 according to one embodiment may fur-
ther include at least one conductive electrode layer 370.
Although the light-emitting element 300 has been illus-
trated as further including one conductive electrode layer
370 in FIG. 13, the present invention is not limited thereto.
In some cases, the light-emitting element 300 may in-
clude a greater number of conductive electrode layers
370 or the conductive electrode layers 370 may be omit-
ted. A description of the light-emitting element 300, which
will be made below, may be identically applied even when
the number of conductive electrode layers 370 is varied
or another structure is further included.
[0191] The light-emitting element 300 may have a
shape extending in one direction. The light-emitting ele-
ment 300 may have a shape of nanorods, nanowires,
nanotubes, or the like. In an embodiment, the light-emit-
ting element 300 may have a cylindrical shape or a rod
shape. However, the shape of the light-emitting element
300 is not limited thereto and may have various shapes
such as a regular hexahedral shape, a rectangular par-
allelepiped shape, a hexagonal column shape, and the
like. A plurality of semiconductors included in the light-
emitting element 300, which will be described below, may
have a structure in which the semiconductors are se-
quentially disposed or stacked in the one direction.
[0192] The light-emitting element 300 according to one
embodiment may emit light in a specific wavelength
range. In an example, the active material layer 330 may
emit blue light having a central wavelength range ranging
from 450 nm to 495 nm. However, the central wavelength
range of the blue light is not limited to the above range,
and it should be understood that the central wavelength
range includes all wavelength ranges which can be rec-
ognized as a blue color in the art. Further, the light emitted
from the active material layer 330 of the light-emitting
element 300 is not limited thereto, and the light may be
green light having a central wavelength range ranging
from 495 nm to 570 nm or red light having a central wave-
length range ranging from 620 nm to 750 nm.
[0193] To describe the light-emitting element 300 in
detail with reference to FIG. 13, the first conductivity type
semiconductor 310 may be an n-type semiconductor
having, for example, a first conductivity type. For exam-
ple, when the light-emitting element 300 emits light in a
blue wavelength range, the first conductivity type semi-
conductor 310 may include a semiconductor material
having a chemical formula of InxAlyGa1-x-yN (0≤x≤1,
0≤y≤1, and 0≤x+y≤1). For example, the semiconductor
material may be one or more among InAlGaN, GaN, Al-
GaN, InGaN, AlN, and InN which are doped with an n-
type impurity. The first conductivity type semiconductor
310’ may be doped with a first conductive dopant. For
example, the first conductivity type dopant may be Si,
Ge, Sn, or the like. In an example, the first conductivity
type semiconductor 310 may be n-GaN doped with n-
type Si. A length of the first conductivity type semicon-
ductor 310 may range from 1.5 mm to 5 mm, but the
present invention is not limited thereto.

[0194] The second conductivity type semiconductor
320 is disposed on the active material layer 330 which
will be described below. For example, the second con-
ductivity type semiconductor 320 may be a p-type sem-
iconductor having a second conductivity type. For exam-
ple, when the light-emitting element 300 emits light in a
blue or green wavelength range, the second conductivity
type semiconductor 320 may include a semiconductor
material having a chemical formula of
InxAlyGa1-x-yN(0≤x≤1, 0≤y≤1, and 0≤x+y≤1). For exam-
ple, the semiconductor material may be one or more
among InAlGaN, GaN, AlGaNN, InGaN, AlN, and InN
which are doped with an p-type impurity. The second
conductivity type semiconductor 320 may be doped with
a second conductive dopant. For example, the second
conductive dopant may be Mg, Zn, Ca, Se, Ba, or the
like. In an example, the second conductivity type semi-
conductor 320 may be p-GaN doped with p-type Mg. A
length of the second conductivity type semiconductor 320
may range from 0.08 mm to 0.25 mm, but the present
invention is not limited thereto.
[0195] Meanwhile, in the drawing, although each of the
first conductivity type semiconductor 310 and the second
conductivity type semiconductor 320 has been illustrated
as being formed as one layer, the present invention is
not limited thereto. In some cases, each of the first con-
ductivity type semiconductor 310 and the second con-
ductivity type semiconductor 320 may further include a
greater number of layers, for example, a clad layer or a
tensile strain barrier reducing (TSBR) layer according to
a material of the active material layer 330.
[0196] The active material layer 330 is disposed be-
tween the first conductivity type semiconductor 310 and
the second conductivity type semiconductor 320. The ac-
tive material layer 330 may include a material having a
single or multiple quantum well structure. When the ac-
tive material layer 330 includes a material having a mul-
tiple quantum well structure, the active material layer 330
may have a structure in which a plurality of quantum lay-
ers and a plurality of well layers are alternately stacked.
The active material layer 330 may emit light due to a
combination of electron-hole pairs in response to an elec-
trical signal applied through the first conductivity type
semiconductor 310 and the second conductivity type
semiconductor 320. An example, when the active mate-
rial layer 330 emits light in a blue wavelength range, the
active material layer 330 may include a material such as
AlGaN, AlInGaN, or the like. In particular, when the active
material layer 330 has a multi-quantum well structure in
which quantum layers and well layers are alternately
stacked, the quantum layer may include a material such
as AlGaN or AlInGaN, and the well layer may include a
material such as GaN or AlInN. In an example, the active
material layer 330 includes AlGaInN as the quantum lay-
er and AlInN as the well layer. As described above, the
active material layer 330 may emit blue light having a
central wavelength range ranging from 450 nm to 495 nm.
[0197] However, the present invention is not limited
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thereto, and the active material layer 330 may have a
structure in which a semiconductor material having large
band gap energy and a semiconductor material having
small band gap energy are alternately stacked or include
different Group III to V semiconductor materials accord-
ing to a wavelength range of emitted light. The active
material layer 330 is not limited to emit light in the blue
wavelength range, and in some cases, the active material
layer 330 may emit light in a red or green wavelength
range. A length of the active material layer 330 may range
from 0.05 mm to 0.25 mm, but the present invention is
not limited thereto.
[0198] Meanwhile, the light emitted from the active ma-
terial layer 330 may be emitted to an outer surface of the
light-emitting element 300 in a length direction and both
side surfaces thereof. Directivity of the light emitted from
the active material layer 330 is not limited in one direction.
[0199] The conductive electrode layer 370 may be an
ohmic contact electrode. However, the present invention
is not limited thereto, and the conductive electrode layer
370 may be a Schottky contact electrode. The conductive
electrode layer 370 may include a conductive metal. For
example, the conductive electrode layer 370 may include
at least one among Al, Ti, In, Au, Ag, ITO, IZO, and ITZO.
In addition, the conductive electrode layer 370 may in-
clude a semiconductor material doped with an n-type or
p-type impurity. The conductive electrode layer 370 may
include the same material or different materials, but the
present invention is not limited thereto.
[0200] The insulating film 380 is disposed to surround
the outer surfaces of the plurality of semiconductors
which are described above. In an example, the insulating
film 380 may be disposed to surround at least the outer
surface of the active material layer 330 and may extend
in one direction in which the light-emitting element 300
extends. The insulating film 380 may perform a function
of protecting the members. As an example, the insulating
film 380 may be formed to surround side surfaces of the
members and expose two end portions of the light-emit-
ting element 300 in the length direction.
[0201] In the drawing, the insulating film 380 has been
illustrated as being formed to extend in the length direc-
tion of the light-emitting element 300 to cover from the
first conductivity type semiconductor 310 to the conduc-
tive electrode layer 370, but the present invention in not
limited thereto. The insulating film 380 covers only the
outer surfaces of some semiconductor layers including
the active material layer 330 or covers only a portion of
the outer surface of the conductive electrode layer 370
so that a portion of the outer surface of the conductive
electrode layer 370 may be exposed.
[0202] A thickness of the insulating film 380 may range
from 10 nm to 1.0 mm, but the present invention is not
limited thereto. Preferably, the thickness of the insulating
film 380 may be 40 nm.
[0203] The insulating film 380 may include materials
having insulation properties, for example, SiOx, SiNx, Si-
OxNy, AlN, Al2O3, and the like. Thus, it is possible to

prevent an electrical short circuit which may occur when
the active material layer 330 is in direct contact with an
electrode through which an electrical signal is transmitted
to the light-emitting element 300. In addition, since the
insulating film 380 protects the outer surface of the light-
emitting element 300 including the active material layer
330, it is possible to prevent degradation in light emission
efficiency.
[0204] In addition, in some embodiments, the outer
surface of the insulating film 380 may be surface treated.
When the display panel 10 is manufactured, the light-
emitting element 300 may be sprayed onto an electrode
in a state of being dispersed in a predetermined ink. Here,
in order to allow the light-emitting element 300 to maintain
the dispersed state without being agglomerated with ad-
jacent another light-emitting element 300 in the ink, the
insulating film 380 may be hydrophobically or hydrophil-
ically surface treated.
[0205] Meanwhile, the light-emitting element 300 may
have a length H ranging from 1 mm to 10 mm or from 2
mm to 5 mm, and preferably, about 4 mm. In addition, a
diameter of the light-emitting element 300 may range
from 300 nm to 700 nm, and an aspect ratio of the light-
emitting element 300 may range from 1.2 to 100. How-
ever, the present invention is not limited thereto, and the
plurality of light-emitting elements 300 included in the
display panel 10 may have different diameters according
to a difference in composition of the active material layers
330. Preferably, the diameter of the light-emitting ele-
ment 300 may have a range of about 500 nm.
[0206] Meanwhile, the display panel 10 may further in-
clude a light-emitting element 300 having a structure dif-
ferent from the structure of the light-emitting element 300
of FIG. 13.
[0207] FIG. 14 is a schematic diagram illustrating a
light-emitting element according to another embodiment.
[0208] Referring to FIG. 14, a light-emitting element
300’ may be formed such that a plurality of layers are not
stacked in one direction and each of the plurality of layers
surrounds an outer surface of another layer. The light-
emitting element 300’ of FIG. 14 is the same as the light-
emitting element 300 of FIG. 13 except that shapes of
the layers are partially different from each other. Herein-
after, the same content will be omitted and differences
will be described.
[0209] According to one embodiment, a first conduc-
tivity type semiconductor 310’ may extend in one direc-
tion and both end portions thereof may be formed to be
inclined toward a central portion thereof. The first con-
ductivity type semiconductor 310’ of FIG. 14 may have
a shape in which a rod-shaped or cylindrical main body
and conical-shaped end portions on upper and lower por-
tions of the main body are formed. An upper end portion
of the main body may have a slope that is steeper than
a slope of a lower end portion thereof.
[0210] An active material layer 330’ is disposed to sur-
round an outer surface of the main body of the first con-
ductivity type semiconductor 310’. The active material
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layer 330’ may have an annular shape extending in one
direction. The active material layer 330’ may not be
formed on upper and lower end portions of the first con-
ductivity type semiconductor 310’. That is, the active ma-
terial layer 330’ may be in contact with only a parallel
side surface of the first conductivity type semiconductor
310’.
[0211] A second conductivity type semiconductor 320’
is disposed to surround an outer surface of the active
material layer 330’ and the upper end portion of the first
conductivity type semiconductor 310’. The second con-
ductivity type semiconductor 320’ may include an annu-
lar-shaped main body extending in one direction and an
upper end portion having a side surface formed to be
inclined. That is, the second conductivity type semicon-
ductor 320’ may be in direct contact with a parallel side
surface of the active material layer 330’ and an inclined
upper end portion of the first conductivity type semicon-
ductor 310. However, the second conductivity type sem-
iconductor 320’ is not formed in the lower end portion of
the first conductivity type semiconductor 310’.
[0212] An electrode material layer 370’ is disposed to
surround an outer surface of the second conductivity type
semiconductor 320’. That is, a shape of the electrode
material layer 370’ may be substantially the same as a
shape of the second conductivity type semiconductor
320’. That is, the electrode material layer 370’ may be
entirely in contact with the outer surface of the second
conductivity type semiconductor 320’.
[0213] An insulating film 380’ may be disposed to sur-
round the electrode material layer 370’ and the outer sur-
face of the first conductivity type semiconductor 310’. The
insulating film 380’ may be in direct contact with, in ad-
dition to the electrode material layer 370’, the lower end
portion of the first conductivity type semiconductor 310’,
and exposed lower end portions of the active material
layer 330’ and the second conductivity type semiconduc-
tor 320’.
[0214] In concluding the detailed description, those
skilled in the art will appreciate that many variations and
modifications can be made to the preferred embodiments
without substantially departing from the principles of the
present invention. Therefore, the disclosed preferred em-
bodiments of the invention are used in a generic and
descriptive sense only and not for purposes of limitation.

Claims

1. A display device comprising:

a light-emitting element;
a first transistor configured to transmit a driving
current to the light-emitting element;
a second transistor configured to transmit a data
signal to the first transistor,
wherein the first transistor includes a first active
layer,

the second transistor includes a second active
layer containing an oxide semiconductor, and
the light-emitting element includes a first con-
ductivity type semiconductor having a first po-
larity;
a second conductivity type semiconductor hav-
ing a second polarity different from the first po-
larity; and
an active material layer disposed between the
first conductivity type semiconductor and the
second conductivity type semiconductor.

2. The display device of claim 1, wherein the first active
layer of the first transistor includes an oxide semi-
conductor.

3. The display device of claim 2, wherein the oxide sem-
iconductor includes indium-gallium-tin oxide (IGTO)
or indium-gallium-zinc-tin oxide (IGZTO).

4. The display device of claim 3, wherein a length of
the light-emitting element ranges from 4 mm to 7 mm,
and an aspect ratio thereof ranges from 1.2 to 100.

5. The display device of claim 2, wherein the first tran-
sistor includes a first gate electrode disposed below
the first active layer.

6. The display device of claim 1, wherein the first active
layer includes a first conductorized region, a second
conductorized region, and a channel region dis-
posed between the first conductorized region and
the second conductorized region.

7. The display device of claim 6, wherein the first tran-
sistor further includes:

a third gate electrode disposed on the first active
layer;
a first source electrode connected to the first
conductorized region through a first contact hole
passing through an interlayer insulating film dis-
posed on the third gate electrode; and
a first drain electrode connected to the second
conductorized region through a second contact
hole passing through the interlayer insulating
film.

8. The display device of claim 7, wherein the first active
layer includes polycrystalline silicon.

9. The display device of claim 8, wherein the first tran-
sistor further includes a light blocking layer disposed
below the first active layer.

10. The display device of claim 1, wherein the second
transistor includes:
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a second gate electrode disposed below the
second active layer;
a second source electrode connected to one
side of the second active layer; and
a second drain electrode connected to the other
side of the second active layer.

11. The display device of claim 10, further comprising a
data line configured to transmit the data signal,
wherein the data line further includes a conductive
pattern disposed to be spaced apart from the second
source electrode of the second transistor and con-
nected to the data line and the second source elec-
trode.

12. A display device comprising:

a substrate;
a first gate electrode disposed on the substrate;
a first gate insulating film disposed on the first
gate electrode;
a first active layer disposed on the first gate in-
sulating film, partially overlapping the first gate
electrode, and including an oxide semiconduc-
tor;
a first interlayer insulating film disposed on the
first active layer;
a second gate electrode disposed on the first
interlayer insulating film;
a second interlayer insulating film disposed on
the second gate electrode;
a second active layer disposed on the second
interlayer insulating film, partially overlapping
the second gate electrode, and including an ox-
ide semiconductor; and
a first conductive layer including a first signal
line disposed on the second interlayer insulating
film and a source electrode formed on one side
of the second active layer,
wherein the first conductive layer further in-
cludes a conductive pattern partially overlapping
one side of the source electrode and the first
signal line.

13. The display device of claim 12, further comprising:

a drain electrode disposed on the first gate in-
sulating film and in contact with one side of the
first active layer;
a via layer disposed on the first conductive layer;
and
at least one light-emitting element disposed on
the via layer,
wherein the drain electrode is electrically con-
nected to one end of the at least one light-emit-
ting element.

14. The display device of claim 13, wherein the light-

emitting element includes:

a first conductivity type semiconductor having a
first polarity;
a second conductivity type semiconductor hav-
ing a second polarity different from the first po-
larity; and
an active material layer disposed between the
first conductivity type semiconductor and the
second conductivity type semiconductor.

15. A display device comprising:

a base layer;
a first electrode and a second electrode spaced
apart from each other on the base layer in a first
direction;
at least one light-emitting element connected to
at least one of the first electrode and the second
electrode and having a shape extending in the
first direction;
a driving transistor configured to transmit a driv-
ing current to the at least one light-emitting ele-
ment,
wherein the driving transistor includes an active
layer having an oxide semiconductor, and
the light-emitting element includes a first con-
ductivity type semiconductor including having a
first polarity;
a second conductivity type semiconductor hav-
ing a second polarity different from the first po-
larity; and
an active material layer disposed between the
first conductivity type semiconductor and the
second conductivity type semiconductor.

16. The display device of claim 15, wherein the driving
transistor has a gate electrode disposed below the
active layer.

17. The display device of claim 16, wherein each of the
first electrode and the second electrode has a shape
extending on the base layer in a second direction
different from the first direction.

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

a first contact electrode in contact with the first
electrode and one end portion of the at least one
light-emitting element; and
a second contact electrode in contact with the
second electrode and the other end portion of
the at least one light-emitting element.

19. The display device of claim 17, wherein the at least
one light-emitting element has a length extending in
the first direction and ranging from 4 mm to 7 mm,
and an aspect ratio of the at least one light-emitting
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element ranges from 1.2 to 100.

20. The display device of claim 19, wherein the first con-
ductivity type semiconductor, the active material lay-
er, and the second conductivity type semiconductor
are disposed in a direction parallel to an upper sur-
face of the base layer.
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