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(57)  The presentinvention relates to a display device
and, more particularly, to a display device using a sem-
iconductor light emitting element. The display device ac-
cordingto the presentinvention comprises a light emitting
element module, wherein the light emitting element mod-
ule comprises: a red semiconductor light emitting ele-
ment that emits red light; a green semiconductor light
emitting element that is disposed on the top surface of
the red semiconductor light emitting element; a blue sem-
iconductor light emitting element that is disposed on the
top surface of the green semiconductor light emitting el-
ement; an individual electrode portion for supplying an
individual signal to each of the red semiconductor light
emitting element, the green semiconductor light emitting
element, and the blue semiconductor light emitting ele-
ment; and a common electrode portion for supplying a
common signal to the red semiconductor light emitting
element, the green semiconductor light emitting element,
and the blue semiconductor light emitting element.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a display de-
vice, and more particularly to a display device using a
semiconductor light emitting element.

BACKGROUND ART

[0002] In recent years, display devices having excel-
lent characteristics such as a thin shape, flexibility, and
the like, are being developed in a field of a display tech-
nology. On the contrary, currently commercialized main
displays are represented by liquid crystal displays (LCDs)

and active matrix organic light emitting diodes
(AMOLEDs).
[0003] However, there exist problems such as not-so-

fast response time and difficult implementation of flexi-
bility in case of LCDs, and there exist drawbacks such
as short life span, and not-so-good yield in case of AM
OLEDs.

[0004] On the other hand, light emitting diodes (LEDs)
are well known light emitting devices for converting an
electrical current to light, and have been used as a light
source for displaying an image in an electronic device
including information communication devices since red
LEDs using GaAsP compound semiconductors were
made commercially available in 1962, together with a
GaP:N-based green LEDs. Accordingly, the semicon-
ductor light emitting elements may be used to implement
a display, thereby presenting a scheme for solving the
problems.

[0005] As such, the display device using the semicon-
ductor light emitting element can implement a fine pitch
display device. However, in case of the fine pitch display
of more than 400 ppi, itis technically difficult toimplement
RGB color by disposing a red semiconductor light emit-
ting element, a green semiconductor light emitting ele-
ment, and a blue semiconductor light emitting element.
This is because the pitch value between each sub-cell
has to be extremely small. Therefore, an object of the
presentinvention is to provide a configuration to laminate
the red semiconductor light emitting element, the green
semiconductor light emitting element, and the blue sem-
iconductor light emitting element, in an effort to overcome
the foregoing problems.

DISCLOSURE

TECHNICAL PROBLEM

[0006] To achieve these and other advantages and in
accordance with the purpose of the present disclosure,
as embodied and broadly described herein, there is pro-
vided a display device that implements the fine pitch us-
ing a semiconductor light emitting element.

[0007] One aspect of the present disclosure is to pro-
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vide a display device that selectively outputs red, green
and blue lights in the configuration in which red, green
and blue semiconductor light emitting elements are lam-
inated.

TECHNICAL SOLUTION

[0008] According to one aspect of the present disclo-
sure, there is provided a display device using a semicon-
ductor light emitting element, in which a light emitting
elementisimplemented, that selectively outputs red light,
green light and blue light at a narrow area by laminating
ared semiconductor light emitting element, a green sem-
iconductor light emitting element and a blue semiconduc-
tor light emitting element are laminated such that a light
source having a shorter wavelengthis disposed atalower
part. In this instance, a distributed Bragg reflector may
also be laminated with the semiconductor light emitting
element.

[0009] Specifically, the display device in accordance
with the present disclosure includes a light emitting ele-
ment module, and the light emitting element module in-
cludes a red semiconductor light emitting element that
emits a red light, a green semiconductor light emitting
element disposed on the top of the red semiconductor
light emitting element, and a blue semiconductor light
emitting element disposed on the top of the green sem-
iconductor light emitting element, an individual electrode
portion that supplies individual signals to the red semi-
conductor light emitting element, the green semiconduc-
tor light emitting element and the blue semiconductor
light emitting element, respectively, and a common elec-
trode portion that supplies common signals to the red
semiconductor light emitting element, the green semi-
conductor light emitting element and the blue semicon-
ductor light emitting element.

[0010] In one embodiment, between the red semicon-
ductor light emitting element and the green semiconduc-
tor light emitting element, a first distributed Bragg reflec-
tor (DBR) that penetrates red and reflects green may be
disposed.

[0011] A second distributed Bragg reflector that pene-
trates green and red, and reflects blue may be disposed
between the green semiconductor light emitting element
and the blue semiconductor light emitting element. Below
the red semiconductor light emitting element, a third dis-
tributed Bragg reflector that reflects red, or a metal mirror
may be disposed.

[0012] In one embodiment, a first light transmittance
adhesive layer may be disposed to cover the red semi-
conductor light emitting element, and the green semicon-
ductor light emitting element may be attached to the first
light transmittance adhesive layer.

[0013] The individual electrode portion may include a
red electrode portion electrically connected to the red
semiconductor light emitting element, and the red elec-
trode portion may be covered by the first light transmit-
tance adhesive layer. A second light transmittance ad-
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hesive layer may be disposed to cover the green semi-
conductor light emitting element, and the red semicon-
ductor light emitting element may be attached to the sec-
ond light transmittance adhesive layer. The second light
transmittance adhesive layer may be extended toward
the red semiconductor light emitting element to cover the
first light transmittance adhesive layer.

[0014] In one embodiment, the individual electrode
portion may include a green electrode portion electrically
connected to the green semiconductor device, and the
green electrode portion may be extended toward the one
surface of the firstlight transmittance adhesive layer. The
green electrode portion may be covered by the second
light transmittance adhesive layer.

[0015] In one embodiment, the individual electrode
portion may include ared electrode portion, a green elec-
trode portion and a blue electrode portion each electri-
cally connected to the red semiconductor light emitting
element, the green semiconductor light emitting element
and the blue semiconductor light emitting element, and
the red electrode portion, the green electrode portion and
the blue electrode portion may be disposed on different
sides of the light emitting element module. The common
electrode portion may be disposed on the sides where
the red electrode portion, the green electrode portion and
the blue electrode portion are not disposed.

[0016] In one embodiment, the area may be reduced
in order of the red semiconductor light emitting element,
the green semiconductor light emitting element and the
blue semiconductor light emitting element. The light emit-
ting element module may be one of the light emitting el-
ement modules arranged sequentially along the columns
and rows on the substrate.

ADVANTAGEOUS EFFECT

[0017] In the display device according to an aspect of
the present disclosure, the red semiconductor light emit-
ting element, green semiconductor light emitting element
and blue semiconductor light emitting element are lami-
nated so that the light source with short wavelength is
located below, so the laminated RGB light emitting ele-
ment module is proposed. In addition, it is possible to
solve the problems such as the limitations of the size of
sub-cells and the limitations of inter-cell pitch, thereby
enabling a fine pitch display device.

[0018] In addition, a distributed Bragg reflector is dis-
posed between the semiconductor light emitting ele-
ments of different colors, thereby eliminating the color
mixture problem. In other words, green light excites a red
semiconductor light emitting element, but the distributed
Bragg reflector that reflects green is disposed at the bot-
tom to reflect the light directed to the red semiconductor
light emitting element to the upper part. On the other
hand, the red light of the red semiconductor light emitting
element can be emitted to the upper part by penetrating
the distributed Bragg reflector.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0019]

FIG. 1 is a conceptual view illustrating one embodi-
ment of a display device using a semiconductor light
emitting diode according to the present invention.
FIG. 2 is a partially enlarged view of part A of FIG.
1, and FIGS. 3A and 3B are sectional views taken
along the lines B-B and C-C of FIG. 2.

FIG. 4 is a conceptual view illustrating a flip chip type
semiconductor light emitting element of FIG. 3.
FIGS. 5A to 5C are conceptual views illustrating var-
ious forms of realizing a color in relation to a flip chip
type semiconductor light emitting element.

FIG. 6 is a sectional view illustrating a method of
manufacturing a display device using a semiconduc-
tor light emitting diode according to the present in-
vention.

FIG. 7 is a perspective view illustrating another em-
bodiment of a display device using a semiconductor
light emitting diode according to the present inven-
tion.

FIG. 8 is a sectional view taken along the line D-D
of FIG. 7.

FIG. 9is a conceptual view illustrating a vertical type
semiconductor light emitting element of FIG. 8.
FIG. 10 is a partial perspective view illustrating an-
other embodiment of the display device according
to the present invention.

FIG. 11 is a sectional view taken along the line E-E
of FIG. 10.

FIG. 12 is a circuit diagram illustrating the structure
of the pixel of FIG. 10.

FIG. 13 is an enlarged view illustrating the light emit-
ting element module of FIG. 10.

FIG. 14 is a plane view illustrating the light emitting
element module of FIG. 10.

FIG. 15 is a conceptual view illustrating outputting
red, green and blue lights from the light emitting el-
ement module of FIG. 10.

FIG. 16 is a conceptual view illustrating another em-
bodiment ofa display device according to the present
invention.

FIG. 17 is a sectional view taken along the line F-F
of FIG. 16.

MODES FOR CARRYING OUT THE PREFERRED EM-
BODIMENTS

[0020] Description will now be given in detail according
to exemplary embodiments disclosed herein, with refer-
ence to the accompanying drawings. For the sake of brief
description with reference to the drawings, the same or
equivalent components may be provided with the same
or similar reference numbers, and description thereof will
not be repeated. In general, a suffix such as "module"
and "unit" may be used to refer to elements or compo-
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nents. Use of such a suffix herein is merely intended to
facilitate description of the specification, and the suffix
itself is not intended to give any special meaning or func-
tion. In describing the present disclosure, if a detailed
explanation for a related known function or construction
is considered to unnecessarily divert the gist of the
present disclosure, such explanation has been omitted
but would be understood by those skilled in the art. The
accompanying drawings are used to help easily under-
stand the technical idea of the present disclosure and it
should be understood that the idea of the present inven-
tion is not limited by the accompanying drawings.
[0021] It will be understood that when an element such
as a layer, area or substrate is referred to as being "on"
another element, it can be directly on the element, or one
or more intervening elements may also be present.
[0022] A display device disclosed herein may include
a portable phone, a smart phone, a laptop computer, a
digital broadcast terminal, a personal digital assistant
(PDA), a portable multimedia player (PMP), a navigation,
a slate PC, atablet PC, an ultrabook, a digital TV, a desk-
top computer, and the like. However, it will be readily
apparent to those skilled in the art that the configuration
according to the embodiments described herein may also
be applied to a new product type that will be developed
later if the device is a device capable of emitting light.
[0023] FIG. 1 is a conceptual view illustrating one em-
bodiment of a display device using a semiconductor light
emitting diode according to the present invention.
[0024] According to the drawing, information proc-
essed in the controller of the display device 100 may be
displayed using a flexible display.

[0025] The flexible display may include a flexible,
bendable, twistable, foldable and rollable display. For ex-
ample, the flexible display may be a display fabricated
on athin and flexible substrate that can be warped, bent,
folded or rolled like a paper sheet while maintaining the
display characteristics of a flat display in the related art.
[0026] A display area of the flexible display becomes
a plane in a configuration that the flexible display is not
warped (for example, a configuration having an infinite
radius of curvature, hereinafter, referred to as a "first con-
figuration"). The display area thereof becomes a curved
surface in a configuration that the flexible display is
warped by an external force in the first configuration (for
example, a configuration having a finite radius of curva-
ture, hereinafter, referred to as a "second configuration").
As illustrated in the drawing, information displayed in the
second state may be visual information output on a
curved surface. Such visual information is realized by
independently controlling an emission of unit pixels (sub-
pixels) arranged in a matrix form. The unit pixel denotes
an elementary unit for representing one color.

[0027] The sub-pixel of the flexible display may be im-
plemented by a semiconductor light emitting element.
The presentinvention exemplarily illustrates a light emit-
ting diode (LED) as a type of semiconductor light emitting
elementfor converting currentinto light. The light emitting
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diode may be formed with a small size to perform the role
of a sub-pixel even in the second configuration through
this.

[0028] Hereinafter, a flexible display implemented us-
ing the light emitting diode will be described in more detail
with reference to the accompanying drawings.

[0029] FIG 2 is a partial enlarged view of portion "A" in
FIG 1, and FIGS 3A and 3B are cross-sectional views
taken along lines B-B and C-C in FIG 2, FIG 4 is a con-
ceptual view illustrating a flip-chip type semiconductor
light emitting element in FIG 3A, and FIGS 5A through
5C are conceptual views illustrating various forms for im-
plementing colors in connection with a flip-chip type sem-
iconductor light emitting element.

[0030] Referring to FIGS 2, 3A and 3B, there is illus-
trated a display device 100 using a passive matrix (PM)
type semiconductor light emitting element as a display
device 100 using a semiconductor light emitting element.
However, an example described below may also be ap-
plicable to an active matrix (AM) type semiconductor light
emitting element.

[0031] The display device 100 may include a substrate
110, a first electrode 120, a conductive adhesive layer
130, a second electrode 140, and a plurality of semicon-
ductor light emitting elements 150.

[0032] The substrate 110 may be a flexible substrate.
The substrate 110 may contain glass or polyimide (PI)
to implement the flexible display device. The substrate
110 may alternatively be made of any material with insu-
lating property and flexibility, for example, polyethylene
naphthalate (PEN), polyethylene terephthalate (PET),
and the like. Furthermore, the substrate 110 may be ei-
ther one of transparent and non-transparent materials.
[0033] The substrate 110 may be a wiring substrate
provided with the first electrode 120, and thus the first
electrode 120 may be disposed on the substrate 110.
[0034] As illustrated, an insulating layer 160 may be
disposed on the substrate 110 on which the firstelectrode
120 is located, and an auxiliary electrode 170 may be
disposed on the insulating layer 160. In this case, a con-
figuration in which the insulating layer 160 is deposited
on the substrate 110 may be a single wiring substrate.
More specifically, the insulating layer 160 may be formed
of a flexible insulating material, such as polyimide (PI),
PET, or PEN, and may be formed integrally with the sub-
strate 110 to form a single substrate.

[0035] The auxiliary electrode 170 is an electrode that
electrically connects the first electrode 120 and the sem-
iconductor light emitting element 150, and is disposed
on the insulating layer 160 to correspond to a position of
the first electrode 120. For example, the auxiliary elec-
trode 170 may have a dot-like shape and may be elec-
trically connected to the first electrode 120 by an elec-
trode hole 171 formed through the insulating layer 160.
The electrode hole 171 may be formed by filling a con-
ductive material in a via hole.

[0036] Referring to the drawings, the conductive ad-
hesive layer 130 may be formed on one surface of the
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insulating layer 160, but the present disclosure may not
be necessarily limited to this. For example, a layer per-
forming a specific function may be disposed between the
insulating layer 160 and the conductive adhesive layer
130, or the conductive adhesive layer 130 may also be
disposed on the substrate 110 without the insulating layer
160. The conductive adhesive layer 130 may perform the
role of an insulating layer in the structure in which the
conductive adhesive layer 130 is disposed on the sub-
strate 110.

[0037] The conductive adhesive layer 130 may be a
layer having adhesiveness and conductivity, and to this
end, a conductive material and an adhesive material may
be mixed on the conductive adhesive layer 130. Further-
more, the conductive adhesive layer 130 may have flex-
ibility, thereby allowing a flexible function in the display
device.

[0038] For such an example, the conductive adhesive
layer 130 may be an anisotropic conductive film (ACF),
an anisotropic conductive paste, a solution containing
conductive particles, and the like. The conductive adhe-
sive layer 130 may allow electrical interconnection in the
z-direction passing through the thickness thereof, but
may be configured as a layer having electrical insulation
in the horizontal x-y direction thereof. Accordingly, the
conductive adhesive layer 130 may be referred to as a
z-axis conductive layer (however, hereinafter referred to
as a "conductive adhesive layer").

[0039] The anisotropic conductive film is a film in which
an anisotropic conductive medium is mixed with an insu-
lating base member. When heat and pressure are ap-
plied, only a specific portion has conductivity by the an-
isotropic conductive medium. Hereinafter, description
will be given of an example that heat and pressure are
applied to the anisotropic conductive film, but other meth-
ods may alternatively be used to allow the anisotropic
conductive film to partially have conductivity. Examples
of this method may be a method of applying one of the
heat and the pressure, a UV curing method, and the like.
[0040] In addition, the anisotropic conductive medium
may be, for example, a conductive ball or a conductive
particle. According to this embodiment, the anisotropic
conductive film is a film in which conductive balls are
mixed with an insulating base member. When heat and
pressure are applied, only specific portion of the aniso-
tropic conductive film obtains conductivity by the conduc-
tive balls. The anisotropic conductive film may be a state
of containing a plurality of particles each of which a core
of a conductive material is coated with an insulating film
made of a polymer material. In this case, the insulating
film of a portion to which heat and pressure have been
applied is broken and thus obtains the conductivity by
the core. At this time, the shape of the core may be de-
formed to form a layer brought into contact with each
other in a thickness direction of the film. As a more spe-
cific example, heat and pressure are applied to the entire
anisotropic conductive film, and an electric connection in
the Z-axis direction is partially formed by a height differ-
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ence of an object adhered by the anisotropic conductive
film.

[0041] Asanotherexample, the anisotropic conductive
film may be a state of containing a plurality of particles
each of which the insulating core is coated with the con-
ductive material. In this case, the conductive material in
the portion, to which the heat and pressure have been
applied, is deformed (stuck, pressed) and thus the portion
has the conductivity in the thickness direction of the film.
As another example, the conductive material may pen-
etrate through the insulating base member in the Z-axial
direction such that the film has the conductivity in its thick-
ness direction. In this case, the conductive material may
have a sharp end portion.

[0042] The anisotropic conductive film may be a fixed
array anisotropic conductive film (ACF) in which conduc-
tive balls are inserted into one surface of the insulating
base member. More specifically, the insulating base
member is formed of a material having adhesiveness,
and the conductive balls are concentrated on a bottom
portion of the insulating base member. When heat and
pressure are applied to the base member, the base mem-
ber is deformed together with the conductive balls so as
to obtain conductivity in a perpendicular direction.
[0043] However, the present invention is not limited
thereto. The anisotropic conductive film may alternatively
be formed by randomly inserting conductive balls into the
insulating base member, or may be configured in a form
of double-ACF in which a plurality of layers are provided
and the conductive balls are disposedin one of the layers.
[0044] The anisotropic conductive paste is a combina-
tion of a paste and conductive balls, namely, may be a
paste in which conductive balls are mixed with a base
material having insulating property and adhesiveness. In
addition, the solution containing conductive particles may
be a solution in which conductive particles or nano par-
ticles are contained.

[0045] Referringagain to the drawing, the second elec-
trode 140 is located at the insulating layer 160 with being
spaced apart from the auxiliary electrode 170. In other
words, the conductive adhesive layer 130 is disposed on
the insulating layer 160 where the auxiliary electrode 170
and second electrode 140 are located.

[0046] When the conductive adhesive layer 130 is
formed in a state that the auxiliary electrode 170 and
second electrode 140 are located on the insulating layer
160 and then the semiconductor light emitting element
150 is connected thereto in a flip chip form with the ap-
plication of heat and pressure, the semiconductor light
emitting element 150 is electrically connected to the first
electrode 120 and second electrode 140.

[0047] Referring to FIG. 4, the semiconductor light
emitting element may be a flip chip type light emitting
element.

[0048] For example, the semiconductor light emitting
element includes a p-type electrode 156, a p-type sem-
iconductor layer 155 on which the p-type electrode 156
is formed, an active layer 154 disposed on the p-type
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semiconductor layer 155, an n-type electrode 153 dis-
posed on the active layer 154, and an n-type electrode
152 disposed on the n-type semiconductor layer 153 with
being spaced apart from the p-type electrode 156 in a
horizontal direction. In this case, the p-type electrode 156
may be electrically connected to the auxiliary electrode
170 and the conductive adhesive layer 130, and the n-
type electrode 152 may be electrically connected to the
second electrode 140.

[0049] Referring back to FIGS. 2 and 3, the auxiliary
electrode 170 may be formed long in one direction, and
one auxiliary electrode may be electrically connected to
the plurality of semiconductor light emitting elements
150. For example, the p-type electrodes of the left and
right semiconductor light emitting elements based on the
auxiliary electrode may be electrically connected to one
auxiliary electrode.

[0050] More specifically, the semiconductor light emit-
ting element 150 is press-fitted into the conductive ad-
hesive layer 130 by heat and pressure. Accordingly, only
a portion between the p-type electrode 156 and auxiliary
electrode 170 of the semiconductor light emitting element
150 and a portion between the n-type electrode 152 and
second electrode 140 of the semiconductor light emitting
element 150 have conductivity, and the remaining portion
does not have conductivity since there is no press-fitting
ofthe semiconductor light emitting element. As described
above, the conductive adhesive layer 130 allow the mu-
tual connection as well as an electrical connection be-
tween the semiconductor light emitting element 150 and
the auxiliary electrode 170 and between the semicon-
ductor light emitting element 150 and the second elec-
trode 140.

[0051] In addition, the plurality of semiconductor light
emitting elements 150 constitute a light emitting element
array, and a phosphor layer 180 is formed on the light
emitting element array.

[0052] The light emitting element array may include a
plurality of semiconductor light emitting elements having
different brightness values. Each of the semiconductor
light emitting elements 150 constitutes a unit pixel and
is electrically connected to the first electrode 120. For
example, the first electrode 120 may be in plurality. The
semiconductor light emitting elements, for example, may
be arranged in several rows, and the semiconductor light
emitting elements in each row may be electrically con-
nected to one of the plurality of first electrodes.

[0053] In addition, since the semiconductor light emit-
ting elements are connected in a form of a flip chip, the
semiconductor light emitting elements grown on a trans-
parent dielectric substrate can be used. The semicon-
ductor light emitting elements may be, for example, ni-
tride semiconductor light emitting elements. Since the
semiconductor light emitting element 150 has excellent
brightness, it can constitute an individual unit pixel even
though it has a small size.

[0054] According to the drawing, a partition wall 190
may be formed between the semiconductor light emitting
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elements 150. In this case, the partition wall 190 may
perform the role of dividing individual sub-pixels from one
another, and be formed as an integral body with the con-
ductive adhesive layer 130. For example, a base member
of the anisotropic conductive film may form the partition
wall when the semiconductor light emitting element 150
is inserted into the anisotropic conductive film.

[0055] Furthermore, when the base member of the an-
isotropic conductive film is black, the partition wall 190
may have reflective characteristics and simultaneously
increase contrast even without an additional black insu-
lator.

[0056] As another example, a reflective partition wall
may be separately provided as the partition wall 190. In
this case, the partition wall 190 may include a black or
white insulator according to the purpose of the display
device. Reflectivity can be enhanced when the partition
wall of the white insulator is used, and reflective charac-
teristics can be obtained and simultaneously contrast can
increase when the partition wall of the black insulator is
used.

[0057] The phosphor layer 180 may be located at an
outer surface of the semiconductor light emitting element
150. For example, the semiconductor light emitting ele-
ment 150 is a blue semiconductor light emitting element
that emits blue (B) light, and the phosphor layer 180 per-
forms the role of converting the blue (B) light into a color
of a sub-pixel. The phosphor layer 180 may be a red
phosphor layer 181 or green phosphor layer 182 consti-
tuting individual pixels.

[0058] In other words, a red phosphor 181 capable of
converting blue light into red (R) light may be deposited
on the blue semiconductor light emitting element 151 at
a location implementing a red sub-pixel, and a green
phosphor 182 capable of converting blue light into green
(G) light may be deposited on the blue semiconductor
light emitting element 151 at a location implementing a
green sub-pixel. Furthermore, only the blue semiconduc-
tor light emitting element 151 may be solely used at a
location implementing a blue sub-pixel. In this case, the
red (R), green (G) and blue (B) sub-pixels may implement
one pixel. More specifically, one color phosphor may be
deposited along each line of the first electrode 120. Ac-
cordingly, one line on the first electrode 120 may be an
electrode controlling one color. In other words, red (R),
green (B) and blue (B) may be sequentially disposed
along the second electrode 140, thereby implementing
sub-pixels.

[0059] However, the presentinvention may notbe nec-
essarily limited to this, and the semiconductor light emit-
ting element 150 may be combined with a quantum dot
(QD) instead of the phosphor to implement such as red
(R), green (G) and blue (B) sub-pixels.

[0060] Furthermore, a black matrix 191 may be dis-
posed between each phosphor layer to enhance con-
trast. In other words, the black matrix 191 can enhance
the contrast of luminance.

[0061] However, the presentinvention may notbe nec-
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essarily limited to this, and another structure for imple-
menting blue, red and green lights may be also applicable
thereto.

[0062] Referring to FIG 5A, each of the semiconductor
light emitting elements 150 may be implemented as a
high-power light emitting element that emits various light
including blue lightin a manner that gallium nitride (GaN)
is mostly used, and indium (In) and or aluminum (Al) are
added thereto.

[0063] In this case, the semiconductor light emitting
elements 150 may be red, green and blue semiconductor
light emitting elements, respectively, to implement each
sub-pixel. For instance, red, green and blue semiconduc-
tor light emitting elements (R, G, B) are alternately dis-
posed, and red, green and blue sub-pixels implement
one pixel by means of the red, green and blue semicon-
ductor light emitting elements, thereby implementing a
full color display.

[0064] Referring to FIG 5B, the semiconductor light
emitting element may have a white light emitting element
(W) provided with a yellow phosphor layer for each ele-
ment. In this case, a red phosphor layer 181, a green
phosphor layer 182 and a blue phosphor layer 183 may
be provided on the white light emitting element (W) to
implement a sub-pixel. Furthermore, the unit pixel may
be formed by using a color filter repeated with red, green
and blue on the white light emitting element (W).
[0065] Referring to FIG 5C, it may also be possible to
have a structure in which a red phosphor layer 181, a
green phosphor layer 182 and blue phosphor layer 183
are provided on a ultra violet light emitting element (UV).
In this manner, the semiconductor light emitting element
can be used over the entire region up to ultra violet (UV)
as well as visible light, and may be extended to a form
of semiconductor light emitting element in which ultra vi-
olet (UV) can be used as an excitation source.

[0066] Taking this example into consideration again,
the semiconductor light emitting element 150 is disposed
on the conductive adhesive layer 130 to configure a sub-
pixel in the display device. The semiconductor light emit-
ting element 150 has an excellent luminance character-
istic, and thus it may be possible to configure individual
sub-pixels even with a small size thereof. The size of the
individual semiconductor light emitting element 150 may
be less than 80 um in the length of one side thereof, and
may be a rectangular or square shaped device. In case
of a rectangular shaped device, the size thereof may be
less than 20 x 80 pm.

[0067] Furthermore, evenwhen a square shaped sem-
iconductor light emitting element 150 with a length of side
of 10 uwm is used for a sub-pixel, it will exhibit sufficient
brightness forimplementing a display device. According-
ly, for example, in case of a rectangular pixel in which
one side of a sub-pixel is 600 wmin size, and the remain-
ing one side thereof is 300 um, a relative distance be-
tween the semiconductor light emitting elements be-
comes sufficiently large. Accordingly, in this case, it may
be possible to implement a flexible display device having
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an HD image quality.

[0068] A display device using the foregoing semicon-
ductor light emitting element will be fabricated by a new
type of fabrication method. Hereinafter, the fabrication
method will be described with reference to FIG 6.
[0069] FIG. 6 is a sectional view illustrating a method
of manufacturing a display device using a semiconductor
light emitting diode according to the present invention.
[0070] Referring to the drawing, first, the conductive
adhesive layer 130 is formed on the insulating layer 160
where the auxiliary electrode 170 and second electrode
140 are located. The insulating layer 160 is deposited on
the first substrate 110 to form one substrate (or wiring
substrate), and the first electrode 120, the auxiliary elec-
trode 170 and the second electrode 140 are disposed at
the wiring substrate. In this case, the first electrode 120
and second electrode 140 may be disposed in an orthog-
onal direction to each other. Furthermore, the first sub-
strate 110 and insulating layer 160 may contain glass or
polyimide (Pl), respectively, to implement a flexible dis-
play device.

[0071] The conductive adhesive layer 130 may be im-
plemented by an anisotropic conductive film, for exam-
ple, and to this end, an anisotropic conductive film may
be coated on the substrate where the insulating layer 160
is located.

[0072] Next, a second substrate 112 having the plural-
ity of semiconductor light emitting elements 150 which
correspond to the locations of the auxiliary electrodes
170 and second electrodes 140 and constitute individual
pixels is disposed such that the semiconductor light emit-
ting element 150 faces the auxiliary electrode 170 and
the second electrode 140.

[0073] In this case, the second substrate 112 as a
growth substrate for growing the semiconductor light
emitting element 150 may be a sapphire substrate or
silicon substrate.

[0074] The semiconductor light emitting element may
have a gap and size capable of implementing a display
device when formed in the unit of wafer, and thus effec-
tively used for a display device.

[0075] Next, the wiring substrate is thermally com-
pressed to the second substrate 112. For example, the
wiring substrate and second substrate 112 may be ther-
mally compressed to each other by applying an ACF
press head. The wiring substrate and second substrate
112 are bonded to each other using the thermal com-
pression. Only portions between the semiconductor light
emitting element 150 and the auxiliary electrode 170 and
second electrode 140 may have conductivity due to the
characteristics of an anisotropic conductive film having
conductivity by thermal compression, thereby allowing
the electrodes and semiconductor light emitting element
150 to be electrically connected to each other. At this
time, the semiconductor light emitting element 150 may
be inserted into the anisotropic conductive film, thereby
forming a partition wall between the semiconductor light
emitting elements 150.
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[0076] Next, the second substrate 112 is removed. For
example, the second substrate 112 may be removed us-
ing a laser lift-off (LLO) or chemical lift-off (CLO) method.
[0077] Finally, the second substrate 112 is removed to
expose the semiconductor light emitting elements 150 to
the outside. Silicon oxide (SiOx) or the like may be coated
on the wiring substrate coupled to the semiconductor light
emitting element 150 to form a transparent insulating lay-
er (not shown).

[0078] Furthermore, it may further include the process
of forming a phosphor layer on one surface of the sem-
iconductor light emitting element 150. For example, the
semiconductor light emitting element 150 may be a blue
semiconductor light emitting element for emitting blue (B)
light, and a red or green phosphor for converting the blue
(B) light into the color of the sub-pixel may form a layer
on one surface of the blue semiconductor light emitting
element.

[0079] The fabrication method or structure of a display
device using the foregoing semiconductor light emitting
element may be modified in various forms. For such an
example, the foregoing display device may also employ
a vertical semiconductor light emitting element. Herein-
after, the vertical structure will be described with refer-
ence to FIGS 5 and 6.

[0080] Furthermore, according to the following modi-
fied example or embodiment, the same or similar refer-
ence numerals are designated to the same or similar con-
figurations to the foregoing example, and the description
thereof will be substituted by the earlier description.
[0081] FIG 7 is a perspective view illustrating a display
device using a semiconductor light emitting element ac-
cording to another embodiment of the present disclosure.
FIG 8 is a cross-sectional view taken along line C-C in
FIG7,and FIG 9is a conceptual view illustrating a vertical
type semiconductor light emitting element in FIG 8.
[0082] Referring to these drawings, the display device
may be display device using a passive matrix (PM) type
of vertical semiconductor light emitting element.

[0083] Thedisplaydevice mayinclude asubstrate 210,
a first electrode 220, a conductive adhesive layer 230, a
second electrode 240 and a plurality of semiconductor
light emitting elements 250.

[0084] The substrate 210 as a wiring substrate dis-
posed with the first electrode 220 may include polyimide
(PI) to implement a flexible display device. In addition,
any one may be used if it is an insulating and flexible
material.

[0085] The first electrode 220 may be located on the
substrate 210, and may be formed in a shape of a long
bar in one direction. The first electrode 220 may be
formed to perform the role of a data electrode.

[0086] The conductive adhesive layer 230 is formed
on the substrate 210 where the first electrode 220 is lo-
cated. Similarly to a display device to which a flip chip
type light emitting element is applied, the conductive ad-
hesive layer 230 may be an anisotropic conductive film
(ACF), an anisotropic conductive paste, a solution con-
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taining conductive particles, and the like. However, the
present embodiment illustrates a case where the con-
ductive adhesive layer 230 is implemented by an aniso-
tropic conductive film.

[0087] When an anisotropic conductive film is located
in a state that the first electrode 220 is located on the
substrate 210, and then heat and pressure are applied
to connect the semiconductor light emitting element 250
thereto, the semiconductor light emitting element 250 is
electrically connected to the first electrode 220. At this
time, the semiconductor light emitting element 250 may
be preferably disposed on the first electrode 220.
[0088] The electrical connection is generated because
an anisotropic conductive film partially has conductivity
in the thickness direction when heat and pressure are
applied as described above. Accordingly, the anisotropic
conductive film is partitioned into a portion 231 having
conductivity and a portion 232 having no conductivity in
the thickness direction thereof.

[0089] Furthermore, the anisotropic conductive film
contains an adhesive component, and thus the conduc-
tive adhesive layer 230 implements a mechanical cou-
pling as well as an electrical coupling between the sem-
iconductor light emitting element 250 and the first elec-
trode 220.

[0090] Inthis manner, the semiconductor light emitting
element 250 is disposed on the conductive adhesive lay-
er 230, thereby configuring a separate sub-pixel in the
display device. Since the semiconductor light emitting
element 250 has excellent brightness, it can constitute
an individual unit pixel even though it has a small size.
The size of the individual semiconductor light emitting
element 250 may be less than 80 wm in the length of one
side thereof, and may be a rectangular or square shaped
device. In case of a rectangular shaped device, the size
thereof may be less than 20 x 80 pm.

[0091] The semiconductor light emitting element 250
may be a vertical structure.

[0092] A plurality of second electrodes 240 disposed
in a direction of crossing the length direction of the first
electrode 220, and electrically connected to the vertical
semiconductor light emitting element 250 may be located
between vertical semiconductor light emitting elements.
[0093] Referring to FIG. 9, the vertical type semicon-
ductor light emitting element includes a p-type electrode
256, a p-type semiconductor layer 255 formed on the p-
type electrode 256, an active layer 254 formed on the p-
type semiconductor layer 255, an n-type semiconductor
layer 253 formed on the active layer 254, and an n-type
electrode 252 formed on the n-type semiconductor layer
253. In this case, the p-type electrode 256 located at the
bottom thereof may be electrically connected to the first
electrode 220 by the conductive adhesive layer 230, and
the n-type electrode 252 located at the top thereof may
be electrically connected to the second electrode 240
which will be described later. The electrodes may be dis-
posed in the upward/downward direction in the vertical
semiconductor light emitting element 250, thereby pro-
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viding a great advantage capable of reducing the chip
size.

[0094] Referring again to FIG 8, a phosphor layer 280
may be formed on one surface of the semiconductor light
emitting element 250. For example, the semiconductor
light emitting element 250 is a blue semiconductor light
emitting element 251 that emits blue (B) light, and the
phosphor layer 280 for converting the blue (B) light into
the color of the sub-pixel may be provided thereon. In
this case, the phosphor layer 280 may be a red phosphor
281 and a green phosphor 282 constituting individual pix-
els.

[0095] In other words, a red phosphor 281 capable of
converting blue light into red (R) light may be deposited
on the blue semiconductor light emitting element 251 at
a location implementing a red sub-pixel, and a green
phosphor 282 capable of converting blue light into green
(G) light may be deposited on the blue semiconductor
light emitting element 251 at a location implementing a
green sub-pixel. Furthermore, only the blue semiconduc-
tor light emitting element 251 may be solely used at a
location implementing a blue sub-pixel. In this case, the
red (R), green (G) and blue (B) sub-pixels may implement
one pixel.

[0096] However, the presentinvention may not be nec-
essarily limited to this, and another structure for imple-
menting blue, red and green may be also applicable
thereto as described above in a display device to which
a flip chip type light emitting element is applied.

[0097] Taking this embodiment into consideration
again, the second electrode 240 is located between the
semiconductor light emitting elements 250, and electri-
cally connected to the semiconductor light emitting ele-
ments 250. For example, the semiconductorlightemitting
elements 250 may be disposed in a plurality of rows, and
the second electrode 240 may be disposed between the
rows of the semiconductor light emitting elements 250.

[0098] Since a distance between the semiconductor
light emitting elements 250 constituting individual pixels
is sufficiently large, the second electrode 240 may be
located between the semiconductor light emitting ele-
ments 250.

[0099] The second electrode 240 may be formed as a
bar-shaped electrode elongated in one direction, and dis-
posed in a perpendicular direction to the first electrode.
[0100] Furthermore, the second electrode 240 may be
electrically connected to the semiconductor light emitting
element 250 by a connecting electrode protruded from
the second electrode 240. More specifically, the connect-
ing electrode may be an n-type electrode of the semicon-
ductor light emitting element 250. For example, the n-
type electrode is formed as an ohmic electrode for ohmic
contact, and the second electrode covers at least part of
the ohmic electrode by printing or deposition. Through
this, the second electrode 240 may be electrically con-
nected to the n-type electrode of the semiconductor light
emitting element 250.

[0101] According to the drawing, the second electrode
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240 may be located on the conductive adhesive layer
230. According to circumstances, a transparent insulat-
ing layer (not shown) containing silicon oxide (SiOx) may
be formed on the substrate 210 provided with the semi-
conductor light emitting element 250. When the trans-
parent insulating layer is formed and then the second
electrode 240 is disposed thereon, the second electrode
240 may be located on the transparent insulating layer.
Furthermore, the second electrode 240 may be formed
to be spaced apart from the conductive adhesive layer
230 or transparent insulating layer.

[0102] Ifatransparentelectrode such as indium tin ox-
ide (ITO) is used to locate the second electrode 240 on
the semiconductor light emitting element 250, the ITO
material has a problem of bad adhesiveness with an n-
type semiconductor. Accordingly, the second electrode
240 may be disposed between the semiconductor light
emitting elements 250, thereby obtaining an advantage
in which the transparent electrode is not required. There-
fore, an n-type semiconductor layer and a conductive
material having good adhesiveness may be used as a
horizontal electrode without being restricted by the se-
lection of a transparent material, thereby enhancing the
light extraction efficiency.

[0103] According to the drawing, a partition wall 290
may be disposed between the semiconductor light emit-
ting elements 250. In other words, the partition wall 290
may be disposed between the vertical semiconductor
light emitting elements 250 to isolate the semiconductor
light emitting element 250 constituting individual pixels.
In this case, the partition wall 290 may perform the role
of dividing individual sub-pixels from one another, and
be formed as an integral body with the conductive adhe-
sive layer 230. For example, a base member of the ani-
sotropic conductive film may form the partition wall when
the semiconductor light emitting element 250 is inserted
into the anisotropic conductive film.

[0104] Furthermore, when the base member of the an-
isotropic conductive film is black, the partition wall 290
may have reflective characteristics and simultaneously
increase contrast even without an additional black insu-
lator.

[0105] For another example, a reflective partition wall
may be separately provided as the partition wall 290. In
this case, the partition wall 290 may include a black or
white insulator according to the purpose of the display
device.

[0106] If the second electrode 240 is precisely located
on the conductive adhesive layer 230 between the sem-
iconductor light emitting elements 250, the partition wall
290 may be located between the semiconductor light
emitting element 250 and second electrode 240. Accord-
ingly, individual sub-pixels may be configured even with
a small size using the semiconductor light emitting ele-
ment 250, and a distance between the semiconductor
light emitting elements 250 may be relatively sufficiently
large to dispose the second electrode 240 between the
semiconductor light emitting elements 250, thereby hav-
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ing the effect of implementing a flexible display device
having a HD image quality.

[0107] Furthermore, according to the drawing, a black
matrix 291 may be disposed between each phosphor lay-
er to enhance contrast. In other words, the black matrix
291 can enhance the contrast of luminance.

[0108] Inthis manner, the semiconductor light emitting
element 250 is disposed on the conductive adhesive lay-
er 230, thereby configuring a separate sub-pixel in the
display device. Since the semiconductor light emitting
element 250 has excellent brightness, it can constitute
an individual unit pixel even though it has a small size.
As a result, it may be possible to implement a full color
display in which the sub-pixels of red (R), green (G) and
blue (B) implement one pixel by means of the semicon-
ductor light emitting element.

[0109] Inthe display unit using the semiconductor light
emitting element in accordance with the present disclo-
sure, the semiconductor light emitting element that is
grown on the wafer and formed through mesa and iso-
lation is used as individual pixels. Since the semiconduc-
tor light emitting element that is grown on wafers is tran-
scribed to wiring boards, it is technically very difficult to
implement RGB color by disposing three types of the red
semiconductor light emitting elements, green semicon-
ductor light emitting elements and blue semiconductor
light emitting elements for the displays with the fine pitch
of 400ppi or higher. This is because the pitch values be-
tween each sub-cellneed to be extremely small, requiring
the technology to select and transcribe a micro-LED of
less than 10 micrometers. Furthermore, there is a spac-
ing limit between pixels due to problems such as the color
crosstalk between sub-cells.

[0110] In order to overcome the problems as above,
the configuration in which micro-red/green/blue LEDs are
laminated is applied to the present disclosure. Hereinaf-
ter, description will be given in more detail of such em-
bodiments with reference to the accompanying drawings.
[0111] FIG. 10 s a partial perspective view illustrating
another embodiment of the display device according to
the present invention, FIG. 11 is a sectional view taken
along the line E-E of FIG. 10, FIG. 12 s a circuit diagram
illustrating the structure of the pixel of FIG. 10, FIG. 13
is an enlarged view illustrating the light emitting element
module of FIG. 10, FIG. 14 is a plane view illustrating the
light emitting element module of FIG. 10, and FIG. 15 is
a conceptual view illustrating outputting red, green and
blue lights from the light emitting element module of FIG.
10.

[0112] Referring to FIGS. 10 through 15, there is ex-
emplary shown a display device 1000 using a semicon-
ductor light emitting element, that is, using a semicon-
ductor light emitting element of the active matrix type.
However, the embodiment exemplary shown and de-
scribed hereinafter may also be applied to the passive
matrix type semiconductor light emitting element.
[0113] The display device 1000 includes a substrate
1010 and a plurality of semiconductor light emitting ele-
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ments.

[0114] The substrate 1010 is a thin film transistor array
substrate that may be formed of a glass or plastic mate-
rial. In addition, the substrate 1010 may include polyimide
to implement a flexible display device. Additionally any
other material having insulating properties may be used.
[0115] The plurality of semiconductor light emitting el-
ements may form a light emitting element module 1050
by laminating the semiconductor light emitting elements,
as shown in FIG. 4.

[0116] For example, the light emitting element module
1050 may include a red semiconductor light emitting el-
ement 1051, a green semiconductor light emitting ele-
ment 1052, and a blue semiconductor light emitting ele-
ment 1053.

[0117] The greensemiconductor lightemitting element
1052 and blue semiconductor light emitting element 1053
may have the aforementioned configuration referring to
FIG. 4, respectively, and may be implemented as a high
capacity light emitting element that emits green or blue
light, by adding indium (In) and/or aluminum (Al) to main
component of gallium nitride (GaN). For example, the
multiple semiconductor light emitting elements 1050 may
be gallium nitride thin film formed into various layers such
as n-Gan, p-Gan, AlGaN, InGan, etc. Specifically, the p-
type semiconductor layer may be P-type GaN, and the
N-type semiconductor layer may be N-type GaN. How-
ever, for the red semiconductor light emitting element
1051, the p-type semiconductor layer may be P-type
GaAs and the n-type semiconductor layer may be N-type
GaAs.

[0118] Inthis example, the p-type semiconductor layer
may be a P-type GaN with Mg doped on the p-electrode
side and the n-type semiconductor layer may be an N-
type GaN with Si doped on the n-electrode side. In this
instance, the aforementioned semiconductor light emit-
ting elements may be semiconductor light emitting ele-
ments without active layers.

[0119] In addition, the semiconductor light emitting el-
ement may be a micro-light emitting diode chip. Here,
the micro-light emitting diode chip may have a sectional
area smaller than the size of the light emitting region in
the sub-pixel, and, for example, may have a scale of 1
to 100 micrometers.

[0120] The semiconductor light emitting element may
be referred to as a micro-light emitting element (LED),
with an area of 25 to 250000 micrometers, and the thick-
ness of the chip may be about 2 to 10 square microme-
ters.

[0121] ReferringtoFIG. 13, the red semiconductor light
emitting element 1051, green semiconductor light emit-
ting element 1052 and blue semiconductor light emitting
element 1053 include a first conductive electrode 1156,
a first conductive semiconductor layer 1155 on which the
first conductive electrode 1156 is formed , an active layer
1154 formed on the first conductive semiconductor layer
1155, a second conductive semiconductor layer 1153
formed on the active layer 1154, and a second conductive
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layer electrode 1152 disposed to be spaced apart from
the first conductive electrode 1156 in a parallel direction
on the second conductive semiconductor layer 1153, re-
spectively. In this instance, the second conductive elec-
trode 1152 is disposed on one surface of the second
conductive semiconductor layer 1153, and on the other
surface of the second conductive semiconductor layer
1153, an un-doped semiconductor layer 1153a may be
formed.

[0122] In addition, the first conductive electrode 1156
and the first conductive semiconductor layer 1155 may
be p-type electrode and p-type semiconductor layer, re-
spectively, while the second conductive electrode 1152
and the second conductive semiconductor layer 1153
may be n-type electrode and n-type semiconductor layer,
respectively. However, the present disclosure is not nec-
essarily limited to this example, and it is possible to give
examples where the first conductive type becomes n-
type and the second conductive type becomes p-type.
[0123] As shown, part of the first conductive semicon-
ductor layer 1155 and active layer 1154 is mesa etched
to cover only part of the second conductive semiconduc-
tor layer 1153. Therefore, some of the top faces of the
above second conductor semiconductor layer 1153 are
exposed to the outside, while others are covered by the
first conductive semiconductor layer 1155 and active lay-
er 1154. In this instance, an un-doped semiconductor
layer (not shown) may be formed on the lower surface
of the second conductive semiconductor layer 1153.
[0124] Referring to FIG. 13, the top surface of the first
conductive semiconductor layer 1155 and the second
conductive semiconductor layer 1153 may be a surface
far from the substrate, and the bottom surface of the first
conductive semiconductor layer 1155 and the second
conductive semiconductor layer 1153 may be a surface
close to the substrate.

[0125] As shown, the green semiconductor light emit-
ting element 1052 is disposed on the top of the red sem-
iconductor light emitting element 1051, and the blue sem-
iconductor light emitting element 1053 is disposed on the
top of the green semiconductor light emitting element
1052.

[0126] More specifically, the red semiconductor light
emitting element 1051 may be attached to the substrate
through an adhesive layer 1031. In this instance, the con-
ductive adhesive layer described in the previous example
may be excluded. In addition, the green semiconductor
light emitting element 1052 is attached to the top surface
of the red semiconductor light emitting element 1051. For
this purpose, a first light transmittance adhesive layer
1032 is disposed to cover the red semiconductor light
emitting element 1051, and the green semiconductor
light emitting element 1052 may be attached to the first
light transmittance adhesive layer1032.

[0127] In addition, the blue semiconductor light emit-
ting element 1053 is attached to the top surface of the
green semiconductor light emitting element 1052. For
this purpose, a second light transmittance adhesive layer
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1033 is disposed to cover the green semiconductor light
emitting element 1052, and the blue semiconductor light
emitting element 1053 may be attached to the second
light transmittance adhesive layer 1033.

[0128] As such, the red semiconductor light emitting
element 1051, the green semiconductor light emitting el-
ement 1052 and the blue semiconductor light emitting
element 1053 are laminated such that a light source of
short wavelength is located below, and attached to each
other using the light transmittance adhesive layer, imple-
menting a light emitting element module 1050 that selec-
tively outputs red, green and blue light in a narrow area.
[0129] Assuch, akeyissueinthe colorimplementation
with RGB lamination is the color-to-color mix. A light
source with relatively high energy, or short wavelengths,
may excite a light source with long wavelengths. For ex-
ample, when it is desired to turn on green only, green
semiconductor light emitting element will optically excite
red semiconductor light emitting element at a lower part.
To prevent such phenomenon, the distributed Bragg re-
flector may be laminated together with the semiconductor
light emitting element

[0130] Referringto FIGS. 13 andFIG. 15, between the
red semiconductor light emitting element 1051 and the
green semiconductor light emitting element 1052, a first
distributed Bragg reflector (DBR) that penetrate red and
reflects green may be disposed. In addition, between the
green semiconductor light emitting element 1052 and the
blue semiconductor light emitting element 1053, a sec-
ond distributed Bragg reflector 1042 that penetrates
green and red and reflects blue may be disposed,
[0131] Since the first distributed Bragg reflector 1041
and the second distributed Bragg reflector 1042 pene-
trate red, when the red semiconductor light emitting ele-
ment 1051 disposed at the lowest part is turned on, red
light may penetrate the first distributed Bragg reflector
1052, the green semiconductor light emitting element
1052, the second distributed Bragg reflector 1042, and
the blue light emitting element 1053 in order, and then
emitted to the outside. In this instance, on a bottom sur-
face of the red semiconductor light emitting element
1051, a third distributed Bragg reflector that reflects red
1043 or metal mirror may be disposed.

[0132] In addition, since the first distributed Bragg re-
flector 1041 reflects green, and the second distributed
Bragg reflector 1042 penetrates green, when the green
semiconductor light emitting element 1052 disposed in
the middle is turned on, green light is reflected from the
first distributed Bragg reflector 1041, and penetrates the
second distributed Bragg reflector 1042 and the blue re-
flector 1053, then emitted to the outside. Therefore, the
green light does not excite the red semiconductor light
emitting element 1051.

[0133] Finally, since the second distributed Bragg re-
flector 1042 reflects blue, the blue light from the blue
semiconductor light emitting element 1053 does not ex-
cite the green semiconductor light emitting element 1052
of the lower part, while being emitted to the outside.
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[0134] Meanwhile, referring to FIGS. 10 through 14,
the light emitting element module 1050 may be one of
light emitting element modules that are consecutively
aligned on the substrate along the rows and lines.
[0135] Each of the light emitting element modules
forms a single pixel (SP), so multiple pixels (SPs) may
be aligned on the substrate. The pixels (SP) have a lay-
ered structure of blue, green and red semiconductor light
emitting elements, as described above, which selectively
output blue, green and red light. In this instance, each of
the multiple pixels (SP) includes a pixel circuit (PC) and
may be electrically connected to a common power line
(CL).

[0136] The pixel circuit (PC) may be equipped with
three per one pixel (SP). More specifically, three pixel
circuits (PC), each connected to a red semiconductor
light emitting element, a green semiconductor light emit-
ting element, and a blue semiconductor light emitting el-
ement, may be disposed adjacent to the pixel (SP).
[0137] The pixel circuit (PC) is connected to the gate
line, the data line and the drive power line. In addition,
the pixel circuit (PC) is configured to control electric cur-
rent flowing through the light emitting element by data
signal from the data line, in response to a scan pulse
from the gate line, based on the pixel drive power supply
supplied to the drive power line. The pixel circuit (PC)
according to one example may include switching transis-
tors (T1), drive transistors (T2), and capacitors (Cst).
[0138] The switching transistor (T1) includes a gate
electrode connected to a gate line, a first electrode con-
nected to a data line, and a second electrode connected
to the gate electrode (N1) of a drive transistor (T2). Here,
the firstand second electrodes of the switching transistor
(T1) may be source electrodes or drain electrodes de-
pending on the direction of the current. The switching
transistor (T1) is switched according to the scan pulse
supplied to the gate line and supplies the data signal
supplied to the data line to the drive transistor (T2).
[0139] The drive transistor (T2) controls the amount of
current flowing from the drive power line to the light emit-
ting element by turning-on by the voltage supplied from
the switching transistor (T1) and/or the voltage of the
capacitor (Cst). The capacitor (Cst) is arranged in the
overlapped area between the drive transistor (T2) and
the source electrode of the gate electrode (N1), and con-
figured to store the voltage corresponding to the data
signal supplied to the gate electrode of the drive transistor
(T2)andtoturn-on thedrive transistor (T2) with the stored
voltage.

[0140] As shown in the drawings, the light emitting
modules may be configured to be electrically connected
to each of the pixel circuits (PCs) corresponding to each
blue, green andred color. Forexample, referring to FIGS.
10 through 14, the light emitting element module of the
present disclosure may include an individual electrode
portion 1070 that supplies individual signals to each of
the red semiconductor light emitting element, the green
semiconductor light emitting element and the blue sem-
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iconductor light emitting element, and a common elec-
trode 1080 part that supplies common signals to the red
semiconductor light emitting element, the green semi-
conductor light emitting element, and the blue semicon-
ductor light emitting element.

[0141] Since the red semiconductor light emitting ele-
ment 1051, green semiconductor light emitting element
1052, and blue semiconductor light emitting element
1053 are laminated, for the purpose of wiring the individ-
ual electrode portion 1070, the light emitting module may
be formed so that the area becomes smaller in the order
of the red semiconductor light emitting element 1051, the
green semiconductor light emitting element1052, and the
blue semiconductor light emitting element 1053.

[0142] More specifically, the individual electrode por-
tion 1070 may include a red electrode portion 1071 elec-
trically connected to the red semiconductor light emitting
element 1051, a green electrode portion 1072 electrically
connected to the green semiconductor light emitting el-
ement 1052, and a blue electrode portion 1073 electri-
cally connected to the blue semiconductor light emitting
element 1053. The red electrode portion 1071, the green
electrode portion 1072 and the blue electrode portion
1073 may be formed as light transmittance electrodes,
respectively, as examples of this can be ITO electrodes.
[0143] The red electrode portion 1071, the green elec-
trode portion 1072 and the blue electrode portion 1073
may be extended along the sides of the semiconductor
light emitting element, respectively, so as to be connect-
ed to the substrate 1010.

[0144] Asshowninthedrawings, the red electrode por-
tion 1071 is disposed on the second conductive semi-
conductor layer of the red semiconductor light emitting
element 1051, and is electrically connected with the sec-
ond conductive electrode. However, the present disclo-
sure is not necessarily limited to this, and it is also pos-
sible for the red electrode portion 1071 to be connected
directly to the second conductive semiconductor layer
without the second conductive electrode. In addition, the
red electrode portion 1071 may be extended along the
side of the red semiconductor light emitting element 1051
and connected to the pixel circuit (PC). In addition, the
light transmittance adhesive layer 1032 is formed to cov-
er the red electrode portion 1071.

[0145] The green electrode portion 1072 is located in
the second conductive semiconductor layer of the green
semiconductor light emitting element 1052, and is elec-
trically connected to the second conductive electrode.
However, the presentdisclosure is not necessarily limited
to this, and it is also possible for the green electrode
portion 1072 to be connected directly to the second con-
ductive semiconductor layer without the second conduc-
tive electrode. In addition, the green electrode portion
1072 is extended along the side of the green semicon-
ductor light emitting element 1052 and may be extended
along the side of the first light transmittance layer 1032
at the face of the green semiconductor light emitting el-
ement 1052 and connected to the pixel circuit (PC). The
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second light transmittance adhesive layer 1033 to which
the blue semiconductor light emitting element 1053 is
attached is extended towards the red semiconductor light
emitting element 1051 to cover the first light emitting ad-
hesive layer 1032, and the green electrode portion 1072
is covered by the second light transmittance layer 1033.
[0146] The blue electrode portion 1073 is located in
the second conductive semiconductor layer 1153 of the
blue semiconductor light emitting element 1053, and is
electrically connected to the second conductive elec-
trode 1156. However, the present disclosure is not nec-
essarily limited to this, and it is also possible for the blue
electrode portion 1073 to be connected directly to the
second conductive semiconductor layer without the sec-
ond conductive electrode. In addition, the blue electrode
portion 1073 is extended along the side of the blue sem-
iconductor light emitting element 1053 to the front face
of the second light emitting adhesive layer 1033. The
blue electrode portion 1073 is extended along the face
of the second light transmittance adhesive layer 1033,
and is electrically connected to the pixel circuit (PC).
[0147] The common electrode portion 1080 may in-
clude the first electrode portion 1081 electrically connect-
ed to the red semiconductor light emitting element 1051,
the second electrode portion 1082 electrically connected
to the green semiconductor light emitting element 1052,
and the third electrode portion 1083 electrically connect-
ed to the blue semiconductor light emitting element 1053.
The first electrode portion 1081, the second electrode
portion 1082 and third electrode portion 1083 are dis-
posed on the first conductive semiconductor layer of the
semiconductor light emitting element, respectively, and
may be extended along the side of the semiconductor
light emitting element so as to be connected to the sub-
strate.

[0148] As shown in the drawings, the first electrode
portion 1081 is disposed in the first conductive semicon-
ductor layer of the red semiconductor light emitting ele-
ment 1051 and may be extended along the side of the
red semiconductor light emitting element 1051 to be con-
nected to a common power line (CL). In addition, the first
light transmittance adhesive layer 1032 is formed to cov-
er the first electrode portion1081.

[0149] The second electrode portion 1082 is disposed
on the second conductive semiconductor layer of the
green semiconductor light emitting element 1052, ex-
tended along the side of the green semiconductor light
emitting element 1052, and may be extended along one
surface of the first light transmittance adhesive layer
1032 at a bottom surface of the green semiconductor
light emitting element 1052 so as to be connected to the
common power line (CL). The second electrode portion
1082 is covered by the second light transmittance layer
1033.

[0150] The third electrode portion 1083 is disposed on
the second conductive semiconductor layer of the blue
semiconductor light emitting element 1053, extended
along the side of the blue semiconductor light emitting
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element, and then connected to the front of the second
light transmittance adhesive layer 1033. The third elec-
trode portion 1083 is extended along the side of the sec-
ond light transmittance adhesive layer 1033, and is elec-
trically connected to the common power line (CL).
[0151] Inthisinstance, the first electrode portion 1081,
the second electrode portion 1082 and the third electrode
portion 1083 are connected to each other on the side of
the adhesive layer 1031 that attaches the red semicon-
ductor light emitting element to the substrate to form a
wiring line, and the wiring line may be extended to the
common power line (CL).

[0152] As shown in FIGS. 10 through 14, the red elec-
trode portion 1071, the green electrode portion 1072, and
the blue electrode portion 1073 may be disposed on dif-
ferent sides of the light emitting module 1050. In addition,
the common electrode portion 1080 may be disposed on
the side where the red electrode portion 1071, green elec-
trode portion 1072 and blue electrode portion 1073 are
not disposed on the light emitting module 1050. The light
emitting module 1050 may be formed in the rectangular
form, and on the three sides of the rectangle, the red
electrode portion 1071, the green electrode portion 1072,
and the blue electrode portion 1073 may be disposed,
respectively, and the common electrode portion 1080
may be located on the remaining side. Under this con-
figuration, wiring to the light emitting element module of
the present disclosure may be possible.

[0153] As described hereinbefore, there is provided a
laminated RGB light emitting element module which can
eliminate the problems such as the limitation of the size
of sub-cell and the limitation of the pitch between cells,
and thus enabling a display device with a fine pitch to be
implemented.

[0154] Meanwhile, the display device in accordance
with the present disclosure may be varied in various
forms. For instance, it is possible to apply the RGB pixel
formed by laminating on the TSV silicon wafer to other
type of drive board.

[0155] Hereinafter, description will be given of the con-
figuration of the display device with reference to the draw-
ings.

[0156] FIG. 16 is a conceptual view illustrating another

embodiment of a display device according to the present
invention, and FIG. 17 is a sectional view taken along
the line F-F of FIG. 16.

[0157] AsshowninFIGS. 16 and 17,the display device
2000 using a semiconductor light emitting element in-
cludes a substrate 2010 and a plurality of light emitting
modules 2050.

[0158] The substrate 2010 may be a wiring board in
which afirst electrode 2020 and a second electrode 2040
are disposed. Therefore, the first electrode 2020 and the
second electrode 2040 may be located on the substrate
2010. Atthis time, the first electrode 2020 and the second
electrode 2040 may be a wiring electrode.

[0159] The substrate 2010 may be formed of a material
with insulating properties, but non-flexible. In addition,
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the substrate 2010 may be formed of any transparent or
opaque material.

[0160] Referring to the drawings above, the light emit-
ting module 2050 is coupled on one surface of the sub-
strate 2010. For example, electrodes of the light emitting
module 2050 may be combined into the wiring electrode,
e.g. by soldering. In this instance, the conductive adhe-
sive layer described in the previous example may be ex-
cluded.

[0161] As shown in the drawings, one light emitting
module 2050 includes multiple semiconductor light emit-
ting elements 2051, 2052 and 2053 and support sub-
strates 2090.

[0162] Multiple semiconductor light emitting elements
2051, 2052 and 2053 may be red semiconductor light
emitting elements, green semiconductor light emitting el-
ements, and blue semiconductor light emitting elements,
respectively, and their configurations may be the same
as those of the semiconductor light emitting elements
referred to with reference to FIGS. 10 through 15. There-
fore, the explanation on this is replaced by the foregoing.
[0163] The light emitting module implemented by the
above configuration is supported by the support sub-
strate 2090. The support substrate 2090 is formed of sil-
icon material, and the support substrate 2090 has a
through-silicon-via electrode (TSV: Through Silicon
Via).

[0164] The through-silicon-via electrode (TSV)may be
formed by filing a via-hole with conductive material.
Thus, with the use of the support substrate 2090
equipped with the through-silicon-via electrode (TSV),
one-to-one transcription at the wafer level can be very
easy.

[0165] More specifically, since the support substrate
2090 is a silicon substrate that can be etched, the etching
may resultin the formation of the through-silicon-via elec-
trode (TSV) by the etching. The through-silicon-via elec-
trode (TSV) penetrates the support substrate 2090 at the
location where it is overlapped with the semiconductor
light emitting element.

[0166] The through-silicon-via electrode (TSV)may be
provided in multiple numbers to correspond to each sem-
iconductor light emitting element. The first through-sili-
con-via electrode (TSV1), the second through-silicon-via
electrode (TSV2) and the third through-silicon-via elec-
trode (TSV3) may be located to correspond to the red
semiconductor light emitting element 2051, the green
semiconductor light emitting element 2052, and the blue
semiconductor light emitting elements 2053. In this in-
stance, the first through-silicon-via electrode (TSV1), the
second through-silicon-via electrode (TSV2) and the
third through-silicon-via electrode (TSV3) may be elec-
trically connected to the red electrode portion 2071, the
green electrode portion and the blue electrode portion,
respectively.

[0167] On the other hand, the support substrate may
include a fourth through-silicon-via electrode (TSV4)
which is electrically connected to the common electrode
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portion 2080 of the light emitting module. The common
electrode portion 2080 has the same structure as de-
scribed in FIGS. 10 through 15 with the above red elec-
trode portion 2071, green electrode portion 2072, and
blue electrode portion 2073, so replace the description
with the above description.

[0168] As the common electrode portion 2080 is ex-
tended to the fourth through-silicon-via electrode (TSV4),
the first conductive electrode of the red semiconductor
light emitting element 2051, green semiconductor light
emitting element 2052, and blue semiconductor light
emitting element 2053 is electrically connected to the oth-
er side of the support substrate by means of the fourth
through-silicon-via electrode (TSV4) as a common
through-silicon-via electrode. A lower electrode 2096
may be located at the bottom of the first through-silicon-
via electrode (TSV1), second through-silicon-via elec-
trode (TSV2), third through-silicon-via electrode (TSV3),
and fourth through-silicon-via electrode (TSV4), respec-
tively.

[0169] According to the structure described above, the
through-silicon-via electrode are equipped with a single
through-silicon-via electrode (TSV4) connected respec-
tively to the common electrode and multiple through-sil-
icon-via electrodes (TSV1, TSV2, TSV3) connected to
the second conductive electrodes of the multiple semi-
conductor light emitting elements.

[0170] Accordingtothe configurationdescribed above,
the light emitting module forms a single pixel, with the
support substrate 2090 as a unit board. In other words,
the light emitting module is obtained by chamfering on
the wafer through dicing or other means and may be
moved to the wiring substrate 2010 by pick and play etc.
[0171] For example, between the wiring substrate
2010 and the light emitting module 2050, a low-melting
part 2097 consisting of a low-melting material may be
disposed rather than the wiring electrode 2020 and 2040
of the wiring substrate 2010. As a specific example, a
low melting part 2097 is disposed between the wiring
electrodes 2020 and 2040 of the wiring substrate 2010
and the lower electrode 2096 of the supporting substrate
2090 to implement electrical engagement.

[0172] For example, the low melting part 2097 may be
disposed to the wiring electrode with solder material. The
solder material may be, for example, at least one of Sb,
Pd, Ag, Au and Bi. In this instance, solder may be de-
posited to the wiring electrode and soldering may be car-
ried out using thermal energy.

[0173] As shown in the drawings, the wiring substrate
2010 may be larger than the supporting substrate 2090.
Multiple support substrates are disposed at preset inter-
vals on the wiring substrate 2010, resulting in implement-
ing the display unit. The semiconductor light emitting el-
ement packages may be formed in blank spaces as il-
lustrated, but this invention is not necessarily limited to
this. For example, the empty space may be filled with
insulating materials, etc., or the unit substrate may be
disposed in contact with each other so that there is no



27 EP 3 648 164 A1 28

such space. Under the configuration described above,
an RGB pixel is implemented on wafers such that a dis-
play device that can be coupled to other drive boards
may be implemented.

[0174] The aforementioned display device using the
semiconductor light emitting element are not limited to
the configuration and the method of the embodiments
described above, but the embodiments may be config-
ured such that all or some of the embodiments are se-
lectively combined so that various modifications can be
made.

Claims

1. A display device including a light emitting element
module, wherein the light emitting element module
includes:

a red semiconductor light emitting element that
emits a red light;

a green semiconductor light emitting element
disposed on the top of the red semiconductor
light emitting element;

a blue semiconductor light emitting element dis-
posed on the top of the green semiconductor
light emitting element;

an individual electrode portion that supplies an
individual signal to the red semiconductor light
emitting element, the green semiconductor light
emitting element, and the blue semiconductor
light emitting element, respectively; and
acommon electrode portion thatsupplies a com-
mon signal to the red semiconductor light emit-
ting element, the green semiconductor light
emitting element, and the blue semiconductor
light emitting element.

2. The display device of claim 1, wherein between the
red semiconductor light emitting element and the
green semiconductor light emitting element, a first
distributed Bragg reflector (DBR) that penetrates red
and reflects green is disposed.

3. The display device of claim 2, wherein between the
green semiconductor light emitting element and the
blue semiconductor light emitting element, a second
distributed Bragg reflector (DBR) that penetrates
green and red, and reflects blue is disposed.

4. Thedisplay device of claim 2, wherein a third distrib-
uted Bragg reflector (DBR) thatreflects red, or a met-
al mirror is disposed below the red semiconductor
light emitting element.

5. The display device of claim 1, wherein a first light
transmittance adhesive layer is disposed to cover
the red semiconductor light emitting element, and
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10.

1.

12.

13.

wherein the green semiconductor light emitting ele-
ment is attached to the first light transmittance ad-
hesive layer.

The display device of claim 5, wherein the individual
electrode portion includes a green electrode portion
electrically connected to the green semiconductor
light emitting element, and

wherein the red electrode portion is covered by the
first light transmittance adhesive layer.

The display device of claim 5, wherein a second light
transmittance adhesive layer is disposed to cover
the green semiconductor light emitting element, and
wherein the blue semiconductor light emitting ele-
ment is attached to the second light transmittance
adhesive layer.

The display device of claim 7, wherein the second
light transmittance adhesive layer is extended to-
ward the red semiconductor light emitting element
to cover the first light transmittance adhesive layer.

The display device of claim 7, wherein the individual
electrode portion includes a green electrode portion
electrically connected to the green semiconductor
light emitting element, and

wherein the green electrode portion is extended
along one side of an adhesive layer of the first light
transmittance adhesive layer.

The display device of claim 9, wherein the green
electrode portion is covered by the second light
transmittance adhesive layer.

The display device of claim 7, wherein the individual
electrode portion includes a blue electrode portion
electrically connected to the blue semiconductor
light emitting element, and

wherein the blue electrode portion is extended along
one side of an adhesive layer of the second light
transmittance adhesive layer.

The display device of claim 1, wherein the individual
electrode portion includes a red electrode portion, a
green electrode portion and a blue electrode portion
each electrically connected to the red semiconductor
light emitting element, the green semiconductor light
emitting element and the blue semiconductor light
emitting element, and

wherein the red electrode portion, the green elec-
trode portion and the blue electrode portion are dis-
posed on different sides of the light emitting element
module.

The display device of claim 12, wherein the common
electrode portion is disposed on the side where the
red electrode portion, the green electrode portion
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15.
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19.

20.
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and the blue electrode portion are not disposed.

The display device of claim 1, wherein the red sem-
iconductor light emitting element, the green semi-
conductor light emitting element and the blue semi-
conductor light emitting element, each includes afirst
conductive semiconductor layer, a second semicon-
ductor layer overlapped with the first conductive
semiconductor layer and an active layer disposed
between the first semiconductor layer and the sec-
ond semiconductor layer.

the display device of claim 1, wherein the area is
reduced in order of the red semiconductor light emit-
ting element, the green semiconductor light emitting
element and the blue semiconductor light emitting
element.

The display device of claim 1, wherein the light emit-
ting element module is one of the light emitting ele-
ment modules sequentially arranged along the col-
umns and rows on the substrate.

A light emitting element module, comprising:

a red semiconductor light emitting element that
emits a red light;

a green semiconductor light emitting element
disposed on the top of the red semiconductor
light emitting element;

a blue semiconductor light emitting element dis-
posed on the top of the green semiconductor
light emitting element;

an individual electrode portion that supplies in-
dividual signals to the red semiconductor light
emitting element, the green semiconductor light
emitting element, and the blue semiconductor
light emitting element, respectively; and

a common electrode portion that supplies com-
mon signals to the red semiconductor light emit-
ting element, the green semiconductor light
emitting element, and the blue semiconductor
light emitting element.

The light emitting element module of claim 17,
wherein between the red semiconductor light emit-
ting elementand the green semiconductor light emit-
ting element, a first distributed Bragg reflector (DBR)
that penetrates red and reflects green is disposed.

The light emitting element module of claim 18,
wherein between the green semiconductor light
emitting element and the blue semiconductor light
emitting element, a second distributed Bragg reflec-
tor (DBR) that penetrates green and red and reflects
blue is disposed.

The light emitting element module of claim 17,
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wherein the individual electrode portion includes a
red electrode portion, a green electrode portion and
a blue electrode portion each connected to the red
semiconductor light emitting element, the green
semiconductor light emitting element and the blue
semiconductor light emitting element, and

wherein the red electrode portion, the green elec-
trode portion and the blue electrode portion are dis-
posed on different sides of the light emitting element
module.
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FIG. 1

17
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