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MICRO LIGHT EMISSION ELEMENT AND
IMAGE DISPLAY DEVICE

BACKGROUND

1. Field

[0001] The present disclosure relates to a micro light
emission element and an image display device.

2. Description of the Related Art

[0002] A display device provided with a plurality of micro
light emission elements configuring a pixel on a drive circuit
substrate has been proposed. As such a display device, for
example, Japanese Unexamined Patent Application Publi-
cation No. 2002-141492 discloses a small display device for
displaying a color image. In this display device, a drive
circuit is formed on a silicon substrate, and a minute
ultraviolet light emitting diode (LED) array is disposed
thereon. In addition, in this display device, a wavelength
conversion layer which converts ultraviolet light into visible
light of red, green, and blue is provided on the ultraviolet
light emitting diode.

[0003] Such a display device has characteristics of high
brightness and high durability while being small. Therefore,
such a display device is expected as a display device for a
glasses-type terminal, a head-up display (HUD), or other
display apparatuses.

[0004] In addition, in such a display device, since mate-
rials of the drive circuit substrate and the micro light
emission element are different from each other and a process
of bonding both of them to each other is desirable, various
manufacturing methods have been proposed (see Japanese
Unexamined Patent Application Publication No. 2002-
141492 and U.S. Patent Application Publication No. 2017/
0069609).

[0005] However, when producing the micro light emission
element and the display device with the structure or the
method disclosed in the above-mentioned Japanese Unex-
amined Patent Application Publication No. 2002-141492
and U.S. Patent Application Publication No. 2017/0069609,
the following problems exist.

[0006] First, it is desirable that a compound semiconduc-
tor to be the above-described micro light emission element
is stuck onto the drive circuit substrate and the compound
semiconductor and the drive circuit substrate are electrically
coupled together, so that current can be supplied to each
micro light emission element. When coupling the compound
semiconductor and the drive circuit substrate, it is only
desirable to couple a P-type electrode of the micro light
emission element and a corresponding anode electrode on
the drive circuit substrate for each pixel.

[0007] However, the problem is how to couple an N-type
electrode of the micro light emission element to a cathode
electrode on the drive circuit substrate without an additional
process. Japanese Unexamined Patent Application Publica-
tion No. 2002-141492 does not disclose this point. In
addition, in a technology described in U.S. Patent Applica-
tion Publication No. 2017/0069609, after a compound semi-
conductor is stuck to a drive circuit substrate and a growth
substrate is peeled off, a process of forming a complicated
interconnection structure is disclosed.

[0008] As described above, in a structure in which an
interconnection is provided on a compound semiconductor,
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light emission efficiency decreases due to absorption and
scattering of light by the interconnection, and a manufac-
turing process becomes complicated, so there are problems
of difficulty in miniaturization and cost increase in manu-
facturing.

[0009] Tt is desirable to realize a micro light emission
element or the like which can suppress a decrease in light
emission efficiency and reduce manufacturing costs.

SUMMARY

[0010] A micro light emission element according to an
aspect of the present disclosure includes a compound semi-
conductor in which a first conductive layer, a light emission
layer, and a second conductive layer having a conductivity
type opposite to a conductivity type of the first conductive
layer are sequentially laminated from a side of a light
emitting surface, in which a first electrode coupled to the
first conductive layer and a second electrode coupled to the
second conductive layer are disposed on another surface
opposite to the light emitting surface, the second electrode
is disposed on the light emission layer, the first electrode is
disposed in an isolation region which is a boundary region
of the micro light emission element and isolates the light
emission layer from a light emission layer of another micro
light emission element, and a surface of the first electrode on
a side of the other surface and a surface of the second
electrode on a side of the other surface are flush with each
other and are made of a same material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1 is a schematic sectional view illustrating a
structure of an image display device according to Embodi-
ment 1 of the present disclosure;

[0012] FIGS. 2A and 2B are schematic plan views of a
micro light emission element according to Embodiment 1 of
the present disclosure when viewed from a light emitting
side;

[0013] FIGS. 3A to 3E are schematic sectional views
illustrating a manufacturing process of the micro light
emission element according to Embodiment 1 of the present
disclosure;

[0014] FIGS. 4A to 4D are schematic sectional views
illustrating a manufacturing process of the image display
device according to Embodiment 1 of the present disclosure;
[0015] FIGS. 5A to 5C are top views of the image display
device according to Embodiment 1 of the present disclosure;

[0016] FIGS. 6A to 6D are schematic plan views of micro
light emission elements according to Modification Example
of Embodiment 1 of the present disclosure when viewed
from the light emitting side;

[0017] FIGS. 7A to 7C are a schematic plan views of the
micro light emission elements according to Modification
Example of Embodiment 1 of the present disclosure when
viewed from the light emitting side;

[0018] FIGS. 8A to 8F are schematic sectional views
illustrating a manufacturing process of a micro light emis-
sion element according to Embodiment 2 of the present
disclosure;

[0019] FIG. 9 is a schematic sectional view illustrating a
structure of an image display device according to Embodi-
ment 2 of the present disclosure;
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[0020] FIGS. 10A to 10E are schematic sectional views
illustrating a manufacturing process of a micro light emis-
sion element according to Embodiment 3 of the present
disclosure;

[0021] FIGS. 11A and 11B are schematic sectional views
illustrating a manufacturing process of the micro light
emission element according to Embodiment 3 of the present
disclosure;

[0022] FIGS. 12A to 12E are schematic sectional views
illustrating a manufacturing process of the micro light
emission element according to Embodiment 4 of the present
disclosure;

[0023] FIGS. 13A to 13F are schematic sectional views
illustrating a manufacturing process of the micro light
emission element according to Embodiment 5 of the present
disclosure;

[0024] FIGS. 14A to 14C are top views of the micro light
emission elements according to Embodiment 5 of the pres-
ent disclosure;

[0025] FIGS. 15A to 15F are schematic sectional views
illustrating a manufacturing process of the micro light
emission element according to Embodiment 6 of the present
disclosure;

[0026] FIGS. 16A to 16C are schematic sectional views
illustrating a manufacturing process of the micro light
emission element according to Embodiment 6 of the present
disclosure; and

[0027] FIGS. 17A and 17B are schematic surface views
illustrating a manufacturing process of the micro light
emission element according to Embodiment 6 of the present
disclosure.

DESCRIPTION OF THE EMBODIMENTS

[Overview of Structure of Image Display Device 200]

[0028] Hereinafter, embodiments of the present disclosure
will be described with reference to the drawings by taking an
image display device 200 having a plurality of micro light
emission elements 100 as a light source as an example. Note
that the image display device 200 has the plurality of micro
light emission elements 100 in a pixel region 1. In addition,
the image display device 200 is provided with a drive circuit
substrate 50 with which current is supplied to the micro light
emission elements 100 to emit light. Light emitted from the
micro light emission elements 100 is emitted to a side
opposite to the drive circuit substrate 50.

[0029] Although a wavelength conversion layer, a light
diffusion layer, a color filter, a micro lens, and the like may
be disposed on the light emitting side of the micro light
emission elements 100, since they are not directly related to
the present disclosure, they are not illustrated in the draw-
ings.

[0030] The drive circuit substrate 50 is configured with a
micro light emission element drive circuit, a row selection
circuit, a column signal output circuit, an image processing
circuit, an input/output circuit, and the like. The micro light
emission element drive circuit controls current supplied to
each of the micro light emission elements 100. In addition,
the row selection circuit selects each row of the micro light
emission elements 100 arranged in a two-dimensional
matrix. In addition, the column signal output circuit outputs
light emission signals to each column of the micro light
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emission elements 100. In addition, the image processing
circuit calculates a light emission signal based on an input
signal.

[0031] On a surface of a bonding surface side of the drive
circuit substrate 50, a P-drive electrode 51 (second drive
electrode) and an N-drive electrode 52 (first drive electrode)
for coupling to the micro light emission element 100 are
disposed. Surfaces of the P-drive electrode 51 and the
N-drive electrode 52 are configured to be planarized.

[0032] The drive circuit substrate 50 is generally a silicon
substrate (semiconductor substrate) on which a large-scale
integrated circuit (LSI) is formed, and since it can be
manufactured by a known technology, its function and
configuration will not be described in detail.

[0033] Note that a cross section along a substrate surface
of the micro light emission element 100 can have various
planar shapes such as a rectangle, a polygon, a circle, and an
ellipse, and it is assumed that the maximum length in a
direction along the substrate surface is about 60 pm or less.

[0034] In addition, in the image display element 200, it is
assumed that three thousand or more micro light emission
elements 100 are integrated into a pixel region 1.

[0035] The micro light emission element 100 includes a
compound semiconductor 14 as a light emitting body, and
generally, an N-side layer 11 (first conductive layer), a light
emission layer 12, and a P-side layer 13 (second conductive
layer) are laminated in this order.

[0036] The compound semiconductor 14 is, for example,
a nitride semiconductor (AllnGaN-based) in a micro LED
element that emits light in a wavelength band from ultra-
violet to green color. In addition, the compound semicon-
ductor 14 is AllnGaP-based when emitting light in a wave-
length band from yellowish green color to red color. Further,
the compound semiconductor 14 is an AlGaAs-based or
GaAs-based in a wavelength band from red color to infrared.

[0037] Hereinafter, regarding the compound semiconduc-
tor 14 which configures the micro light emission element
100, a configuration in which the N-side layer 11 is disposed
on the light emitting side will be described. However, the
compound semiconductor 14 may have a configuration in
which the P-side layer 13 is disposed on the light emitting
side.

[0038] Although each of the N-side layer 11, the light
emission layer 12, and the P-side layer 13 is normally
optimized to include a plurality of layers instead of a single
layer, since it is not directly related to the present disclosure,
the detailed structure of each layer will not be described.
Normally, the light emission layer is interposed between the
N-type layer and the P-type layer, but since the N-type layer
or the P-type layer may also include a non-doped layer or a
layer having a dopant with opposite conductivity in some
cases, hereinafter, those are described as an N-side layer and
a P-side layer.

[0039] In the following description related to the embodi-
ments, usually one image display device 200 or a part
thereof will be described. However, in a manufacturing
process of the image display device 200, the process is
performed on a wafer on which a plurality of image display
devices 200 are arranged, and the process is complete by
finally dividing the wafer into each image display device
200.
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Embodiment 1

[0040] As illustrated in FIG. 1, the image display device
200 has a configuration in which the micro light emission
element 100 that emits light is stuck to the drive circuit
substrate 50 on a planarized bonding surface (indicated by a
thick broken line). In the micro light emission element 100,
the light emission layer 12 is isolated by an isolation trench
15. In a region where the light emission layer 12 remains in
the pixel region 1, a P-electrode 19P (second electrode)
coupled to the P-side layer 13 is disposed. Further, in a
region (isolation region) of the isolation trench 15 in the
pixel area 1, an N-electrode 19N (first electrode) coupled to
the N-side layer 11 is disposed.

[0041] The P-electrode 19P and the N-electrode 19N are
simultaneously formed by the same process as will be
described later, and thus shapes, sizes, and depths are
different, but as material, interconnection materials of the
same structure are used. Normally, the interconnection mate-
rial has a multilayer structure configured with a plurality of
layers such as a barrier metal layer, a main conductive layer,
and a cap layer. The P-electrode 19P and the N-electrode
19N have the same multilayer structure. That is, the image
display device 200 is formed in a single interconnection
layer on the side of the micro light emission element 100.
[0042] In the configuration of the present embodiment,
since the P-electrode 19P and the N-electrode 19N are made
of metal materials which are in ohmic contact with the
N-side layer 11, an ohmic contact with the P-side layer 13
is performed through the P-electrode layer 10. For example,
when the compound semiconductor 14 is a nitride semicon-
ductor, the P-electrode layer 10 is a good conductor such as
indium-tin-oxide (ITO) which is a transparent conductive
electrode or palladium (Pd). The P-electrode layer 10 does
not necessarily have to be a continuous thin-film, and may
have, for example, a structure in which palladium nanopar-
ticles are dispersedly allocated.

[0043] The isolation trench 15 of the micro light emission
element 100 is filled with the protection layer 17, and a
surface (second surface) on a bonding surface side of the
protection layer 17 is planarized. The P-electrode 19P and
the N-electrode 19N are formed on the bonding surface side,
and the surfaces thereof are formed in a plane substantially
at the same height as the surface of the protection layer 17.
[0044] In addition, a surface on a bonding surface side of
an insulation layer 55 on the drive circuit substrate 50 side
is also planarized, and the surfaces of the P-drive electrode
51 and the surface of the N-drive electrode 52 are formed in
a plane substantially at the same height as the surface of the
insulation layer 55. The P-electrode 19P and the N-electrode
19N are connected to the P-drive electrode 51 and the
N-drive electrode 52 on the drive circuit substrate 50 side,
respectively.

[0045] As viewed microscopically, some height difference
may exist between a surface of the protection layer 17, and
surfaces of the P-electrode 19P and the N-electrode 19N.
When bonding is being performed, it is desirable to control
the height difference so that the height difference is smaller
than a height difference where the P-drive electrode 51 and
the N-drive electrode 52, which are on the side facing the
drive circuit substrate 50, are able to be coupled. The same
applies to a height difference between a surface of the
insulation layer 55 and surfaces of the P-drive electrode 51
and the N-drive electrode 52, on the drive circuit substrate
50 side.
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[0046] Normally, surface layers of the P-electrode 19P and
the N-electrode 19N, and surface layers of the P-drive
electrode 51 and the N-drive electrode 52 are made of the
same material, for example, gold (Au), copper (Cu), nickel
(Ni), or the like.

[0047] The micro light emission elements 100 are gener-
ally arranged in a two-dimensional array when viewed from
the bonding surface side. As illustrated in FIG. 2B, the
P-electrode 19P is disposed at a center portion of the micro
light emission element 100, and the N-electrode 19N is
disposed at a boundary portion thereof. Ata lower portion of
the N-electrode 19N, as illustrated in FIG. 2A, an isolation
trench 15 is present. Note that FIG. 1 illustrates I-I cross
section in FIG. 2B. In addition, FIG. 2A illustrates a surface
after forming isolation trenches 15 (state of FIG. 3B).
Furthermore, FIG, 2B illustrates a surface after forming the
P-electrode 19P and the N-electrode 19N (state of FIG. 3E).
However, the protection layer 17 is omitted.

[0048] In the manufacturing process of the image display
device 200, instead of manufacturing each image display
device as illustrated in FIG. 1, a plurality of image display
devices 200 can be manufactured at a time by bonding
together a wafer in which a plurality of drive circuit sub-
strates 50 are disposed and a wafer in which a plurality of
micro light emission elements 100 are disposed.

[0049] By bonding the wafers together, dust generation
can be reduced and high yield can be realized.

[0050] Furthermore, at the time when the wafers are stuck,
a current path between the micro light emission element 100
and the drive circuit substrate 50 is completed, so that it is
not necessary to form an interconnection on a light emitting
surface (first surface) after the bonding. As a result, it is
possible to inhibit a decrease in light emission efficiency due
to light absorption by the interconnection of the light emit-
ting surface, and possible to simplify the manufacturing
process of the image display device 200. In addition, since
each micro light emission elements 100 is bonded to the
corresponding micro light emission element drive circuit,
the problem that interconnection resistance is different for
each micro light emission element 100 does not occur.
[0051] Next, the manufacturing process of the micro light
emission element 100 will be described with reference to
FIGS. 3A to 3E. As illustrated in FIG. 3A, the N-side layer
11, the light emission layer 12, and the P-side layer 13,
which constitute the compound semiconductor, are sequen-
tially laminated on the growth substrate 9, and the P-elec-
trode layer 10 is further deposited.

[0052] Next, as illustrated in FIG. 3B, the isolation
trenches 15 are formed by etching the P-electrode layer 10,
P-side layer 13, light emission layer 12, and a part of the
N-side layer 11. At this time, a part including the light
emission layer 12 becomes a mesa 16.

[0053] As illustrated in FI1G. 2A, the isolation trenches 15
are arranged at equal intervals in longitudinal and lateral
directions, and the mesas 16 have a shape of a truncated
square cone. However, the shape of the mesa 16 is not
limited to a truncated square cone, and may be a truncated
circular cone or other truncated polygon cones.

[0054] A side wall of the mesa 16 is desirably inclined at
about 45°£10° with respect to a surface formed by the light
emission layer 12. Among the light emitted from the light
emission layer 12, the ratio of light traveling in a direction
parallel to the light emission layer 12 is the largest. There-
fore, by reflecting such light in a direction of the light
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emitting surface, the light output efficiency of the micro light
emission element 100 can be enhanced.

[0055] When the side wall of the mesa 16 is vertical, light
emitted in a horizontal direction repeats reflection and is not
emitted to the outside. When the inclination of the side wall
of the mesa 16 largely deviates from 45 degrees, an incident
angle when the light incident on the light emitting surface
becomes large to cause total reflection on the light emitting
surface and the light is also not emitted to the outside.
[0056] Next, as illustrated in FIG. 3C, the protection layer
17 is deposited and the surface is planarized by chemical
mechanical polishing (CMP). The protection layer 17 is an
insulation layer, and is, for example, made of SiO,, SiN,
SiON. or a multilayer film of these films. Various film
formation technologies such as a chemical vapor deposition
(CVD) method, a sputtering method, and coating can be
used for forming the protection layer 17.

[0057] Next, as illustrated in FIG. 3D, a P-groove 18P is
formed on the mesa 16, and an N-groove 18N is formed on
the isolation trench 15. The P-groove 18P has a hole shape
and reaches the P-electrode layer 10. The N-groove 18N has
a channel shape running in both longitudinal and lateral
directions, and reaches the N-side layer 11 at a bottom
portion of the isolation trench 15.

[0058] Further, as illustrated in FIG. 3E, by using a
Damascene method, the P-electrode 19P and the N-electrode
19N are formed by filling the P-groove 18P and the
N-groove 18N with a metal film. The metal film is, for
example, a combination of a barrier film such as tantalum
(Ta), tungsten (W), and titanium nitride (TiN), and copper.
A combination of gold or nickel or the like with a corre-
sponding barrier film may be used. In the Damascene
method, a metal thin film is deposited on a substrate struc-
ture having a trench and a CMP is performed, thereby the
metal thin film can remain in the trench and the surface is
planarized.

[0059] Here, the Damascene method is one of metal
interconnection formation methods of LSI, and is a thin film
formation technology using a plating technology and a CMP
method in combination. The Damascene method is referred
to as a damascene skill in which a fine metal interconnection
layer is implanted in an insulation layer. The method is
focused on copper (Cu) interconnection, and a trench having
an interconnection shape is formed in an insulating intet-
layer and is filled with a metal such as copper. There are two
interconnection methods, one is called “single Damascene
interconnection method”, which is a method of forming an
interconnection trench after forming a metal contact plug in
a through hole. The other is called “dual Damascene inter-
connection method”, which is a method of filling a through
hole and an interconnection trench with a metal at a time
after forming the through hole and the interconnection
trench. The Damascene method is used in combination with
a CMP technology to planarize a multilayered interconnec-
tion layer. The process of FIGS. 3A to 3E uses the single
Damascene method.

[0060] As described above, the P-electrode 19P is dis-
posed on the mesa 16, the N-electrode 19N is disposed on
the isolation trench 15, and both the P-electrode 19P and the
N-electrode 19N are disposed on surfaces to be the bonding
surface (on the same plane), and the surfaces are configured
to be planarized with the same material. That is, both the
P-electrode 19P and the N-electrode 19N surfaces are flush
with each other and are made of a same material.
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[0061] 1Inthe configuration of the present embodiment, the
interconnection layer is configured with one layer, and it can
be formed by a two-step photolithography process of form-
ing the isolation trench 15 and the mesa 16, and forming the
P-groove 18P and the N-groove 18N. Therefore, the micro
light emission element 100 may be manufactured with a
very simple manufacturing process, and the equipment
investment can be reduced and the manufacturing costs can
be significantly reduced.

[0062] Here, the photolithography is a technology for
generating patterns formed in an exposed part and in an
unexposed part by exposing a surface of a substance coated
with a photosensitive substance in the patterns.

[0063] Next, the manufacturing process of the image dis-
play device 200 will be described with reference to FIGS.
4Ato 4D. As illustrated in FIG. 4A, the micro light emission
element 100 is formed through the process of FIGS. 3A to
3E. FIG. 4A is a view obtained by inverting the configura-
tion illustrated in FIG. 3E in a top-bottom direction.
[0064] In addition, as illustrated in FIG. 4B, the drive
circuit substrate 50 is manufactured. The drive circuit sub-
strate 50 is formed, for example, on a single crystal silicon
substrate (wafer) by a usual complementary metal-oxide
semiconductor (CMOS) process.

[0065] Here, it is desirable that both the micro light
emission element 100 and the drive circuit substrate 50 be in
a wafer state. For example, if the micro light emission
elements 100 are divided into individual pieces by the units
of the image display devices 200, a large amount of dust is
generated in a dividing process. so the dust adheres to the
bonding surface in the bonding process and a problem
occurs that the bonding yield significantly decreases. Such a
problem does not occur if the micro light emission element
100 and the drive circuit substrate 50 are wafers.

[0066] In addition, it is further desirable that both wafers
of a growth substrate 9 of the micro light emission element
100 and the drive circuit substrate 50 are made of the same
material. This is because heating may be desirable when
bonding is performed, and if both wafer materials are the
same, it is possible to suppress a pattern deviation due to a
difference in thermal expansion coefficient. Furthermore, it
is desirable that both wafers have the same size. If the sizes
are different, a useless region which is not used is generated
on a larger wafer.

[0067] Next, as illustrated in FIG. 4C, the micro light
emission element 100 and the drive circuit substrate 50 are
stuck. At that time, the P-electrode 19P and the N-electrode
19N are precisely aligned so as to overlap with the corre-
sponding P-drive electrode 51 and the N-drive electrode 52,
respectively. The two wafers are stuck to each other by
plasma cleaning of the surface or activation by ion irradia-
tion or heating or pressure, in accordance with the material
of the bonding surface.

[0068] Then, as illustrated in FIG. 4D, the growth sub-
strate 9 of the micro light emission element 100 is removed.
For removal of the growth substrate 9, various skills such as
grinding, polishing, plasma etching, wet etching, wet etch-
ing of a sacrificial layer, and laser lift-off can be used.

[0069] By the process described above, the micro light
emission elements 100 configured with the compound semi-
conductor 14 are arranged on the drive circuit substrate 50
to complete the structure. In this state, the electrical coupling
is completed between the micro light emission element 100
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and the drive circuit of the drive circuit substrate 50, and an
interconnection layer may not be provided on the light
emitting surface.

[0070] Next, a plan view of the image display device 200
1s 1llustrated in FIG. 5A. In the image display device 200, a
pixel region 1 is a part that emits light and actually displays
an image. The above description is mostly made on the pixel
region 1.

[0071] In the image display device 200, other than the
pixel region 1, there exist a dummy region 2 which is a
region that does not emit light, a plurality of external
coupling regions (I/O regions) 3, a scribe portion 4 which
separates the image display device 200 individually. In the
dummy region 2, circuits such as a row selection circuit, a
column signal output circuit, an image processing circuit,
and an input/output circuit other than the micro light emis-
sion element drive circuit are disposed on the drive circuit
substrate 50.

[0072] In the configuration of the present embodiment, the
compound semiconductor 14 is stuck on the drive circuit
substrate 50 in all of these regions. Therefore, the surface on
the light emitting surface side of the image display device
200 is planarized, and the process of forming a pattern for
wavelength conversion by a phosphor or a quantum dot, a
color filter, a micro lens or the like can be easily performed.
Since it is desirable to maintain the coupling between the
compound semiconductor 14 and the drive circuit substrate
50 even in the region other than the pixel region 1, in
principle, it is desirable that the bonding surfaces of the
compound semiconductor 14 side and the drive circuit
substrate 50 side face each other with the same kind of
materials.

[0073] In the dummy region 2, it is not desirable to
provide a current path through the bonding surface, so the
insulation layers can be made to face each other. That is, it
is possible not to provide an electrode in the dummy region
2. In addition, when it is desirable to suppress a light
incident on the drive circuit substrate 50 in order to avoid
malfunction of the drive circuit substrate 50, the electrodes
can be densely packed. Alternatively, the same structure as
the micro light emission element 100 is formed in the
dummy region 2 and used as an optical sensor. In such a
case, the same structure as the pixel region 1 is disposed.

[0074] As illustrated in the sectional view of FIG. 5B, in
the external coupling region 3, an external coupling portion
54 is provided on the light emitting surface side of the
compound semiconductor 14. The external coupling portion
54 supplies an image signal, a control signal, a power
source, or the like to the image display device 200. An
example of the external coupling portion 54 is a wire
bonding pad.

[0075] The external coupling portion 54 is coupled to a
corresponding electrode on the drive circuit substrate 50 side
through an external coupling electrode 190 formed simul-
taneously with the N-electrode 19N. The external coupling
electrode 190 may have a plurality of thin pillars similar to
the N-electrode 19N, or may be formed in a thick pillar
shape. In the configuration of the present embodiment, the
N-side layer 11 of the compound semiconductor 14 is
present between the external coupling electrode 190 and the
external coupling portion 54. When the increase in resis-
tance due to the N-side layer 11 becomes a problem, in the
external coupling region 3, it is also possible to etch the light

Nov. 21,2019

emitting surface of the compound semiconductor 14 to
expose the external coupling electrode 190.

[0076] Next, as illustrated in the sectional view of FIG.
5C, in the scribe portion 4, an electrode pattern such as the
P-drive electrode 51 or the N-drive electrode 52 is disposed
on the drive circuit substrate 50 side, but the corresponding
P-electrode or N-electrode is not disposed on the compound
semiconductor 14 side. In this way, bonding force in the
region can be weakened by disposing the electrode on one
side and not disposing the electrode on the other side. In
order to facilitate cutting at the scribe line (scribe portion 4),
it may be desirable in some cases that the bonding between
the drive circuit substrate 50 and the compound semicon-
ductor 14 is weak. With respect to such a region of limited
area, it is also possible to have a configuration in which an
electrode is disposed on one side and an insulation layer is
disposed on a surface of the corresponding other side.
[0077] The same configuration can be adopted not only for
the scribe portion 4 but also for a region where the com-
pound semiconductor 14 may be removed. Further, when a
laser blown fuse is disposed on the drive circuit substrate 50,
the electrode can be disposed on the drive circuit substrate
50 side without disposing the electrode on the compound
semiconductor 14 side.

[Modification Example of Embodiment 1]

[0078] InEmbodiment 1, the micro light emission element
100 is of one type and is a monochrome display device.
However, as illustrated in FIG. 6A, a pixel 5 can be
configured with a blue sub-pixel 6, a red sub-pixel 7, and a
green sub-pixel 8 to form a full color display device. Each
sub-pixel has an individual micro light emission element.
Each sub-pixel may be configured with a micro light emis-
sion element that emits blue light, red light, or green light,
or may emit red light or green light by combining a micro
light emission element that emits blue light with a wave-
length conversion layer.

[0079] In FIG. 6A, an isolation trench 15 surrounds a
periphery of each sub-pixel and N-electrodes 19N are dis-
posed on all the isolation trenches 15. However, as illus-
trated in FIG. 6B, it is also possible that although the
isolation trench 15 surrounds the periphery of each sub-
pixel, the N-electrodes 19N is disposed so as to cover a
periphery of the pixel 5. In this case, since it is not desirable
to dispose the N-electrode 19N between the sub-pixels in the
pixel 5, the isolation trench 15 between the sub-pixels can be
narrowed. As a result, by enlarging the width of a mesa 16
of the sub-pixel, an area of the light emission layer 12 can
be expanded, current density flowing into the light emission
layer 12 can be reduced, and the light emission efficiency
can be improved.

[0080] Furthermore, as illustrated in FIG. 6C, the N-elec-
trode 19N can be disposed only in one direction of a
boundary of the pixel 5, or as illustrated in FIG. 6D the
N-electrode 19N can also be disposed in a dot shape at the
four corners of the pixel 5. All have the same effect as FIG.
6B, and as the amount of disposition of the N-electrode 19N
decreases, the effect of improving the light emission effi-
ciency becomes larger. In this way, although the N-electrode
19N is disposed on the isolation trench 15, it does not
necessarily have to be disposed on the entire region of the
isolation trench 15. In order to make light output variations
uniform among the pixels 5, it is desirable that the N-elec-
trode 19N is provided for at least each pixel 5 since it is
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desirable that the interconnection resistance be uniform
among the pixels 5. Therefore, as illustrated in FIG. 6D, the
configuration in which the N-electrodes 19N are disposed at
the four corners of the pixel 5 is most desirable. The shape
of the sub-pixel is not limited to the shape illustrated in FIG.
6A, and may be, for example, the shape illustrated in FIG.
TA.

[0081] In the above examples, one P-electrode 19P is
disposed to the micro light emission element 100, but the
number is not limited to one. For example, as illustrated in
FIG. 7B, two of a P-electrode 1 19P1 and a P-electrode 2
19P2 may be disposed. By providing the P-electrode 1 19P1
and the P-electrode 2 19P2, it is possible to realize a
redundant function in which when one of the two causes a
conduction defect, the other one is substituted. Note that,
here, the redundant function means that a spare device is
disposed as a backup and a failure device is replaced by the
spare device so as to maintain the function of the entire
system even when a failure occurs.

[0082] Further, as illustrated in FIG. 7C, the P-electrode
layer is also divided into a P-electrode layer 1 10-1 and a
P-electrode layer 1 10-2, so that the micro light emission
element 100 can be actually divided into two. When the
P-electrode 1 19P1 becomes defective, by using the P-elec-
trode 2 19P2, the redundant function can be realized not only
for the conduction defect of the electrode but also for the
micro light emission element 100.

[0083] In order to realize the redundant function, it is
desirable to store the presence/absence of a defect for each
micro light emission element 100 on the drive circuit
substrate 50 side and have a function to select a normal
P-electrode when the operation is being performed.
Although it causes cost increase, generally, the cost reduc-
tion effect by the yield improvement by redundancy is larger,
and such redundancy function is effective.

[0084] Note that in this case, since the pattern of the
P-electrode layer 10 and the pattern of the mesa 16 are
different, the number of processes of photolithography may
be increased by one. However, it is possible to determine
whether to take the additional process or not, by considering
which is large between cost up due to the process increase
and cost down due to the yield improvement by using the
redundant function. As described above, although the
P-electrode is disposed on the mesa 16 having the light
emission layer 12, it is not necessarily limited to one, and a
plurality of P-electrodes may be disposed.

Embodiment 2

[0085] The present embodiment differs from Embodiment
1 in that a separation trench 20 for separating the micro light
emission elements 100a is added. The separation trench 20
covers the periphery of the micro light emission element
100q to inhibit leakage of light from the micro light emission
element 100 to adjacent micro light emission elements,
thereby a decrease in contrast can be inhibited.

[0086] Next, the manufacturing process of the micro light
emission element 100a will be described with reference to
FIGS. 8A to 8F. FIGS. 8A and 8B are the same as FIGS. 3A
and 3B, respectively. Next, as illustrated in FIG. 8C, the
separation trench 20 is formed at the bottom portion of the
isolation trench 15. Thereby, each micro light emission
element 100¢ is separated.

[0087] Next, as illustrated in FIG. 8D, the isolation trench
15 and the separation trench 20 are filled with a protection
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layer 17, and a surface is planarized by CMP. Next, as in
FIGS. 3D and 3E, the P-groove 18P and the N-groove 18Na
are formed, and the P-electrode 19P and the N-electrode
19Na are formed by using the Damascene method. In FIG.
8F, the coupling between the N-electrode 19Na and the
N-side layer 11 is performed on a side wall of the N-side
layer 11 formed when the separation trench 20 is formed, but
the coupling method is not limited thereto. For example,
when forming the separation trench 20, the bottom portion
of the isolation trench 15 may be coupled to the N-electrode
19Na without increasing the number of processes by leaving
the bottom portion of the isolation trench 15 in the micro
light emission element 100a and forming the N-groove
18Na in that portion.

[0088] The process of forming an image display device
200a by bonding a wafer on which the micro light emission
element 100¢ is formed and a wafer on which the drive
circuit substrate 50 is formed, is the same as the process of
Embodiment 1. A sectional view of the image display device
2004 formed in this manner is illustrated in FIG. 9. In FIG.
9, other than the pixel region 1 in which the micro light
emission element 100a emitting light is present, a sectional
view is also illustrated for the external coupling region 3 and
the scribe portion 4.

[0089] Also in the present embodiment, as in Embodiment
1, the P-electrode 19P and the N-electrode 19Na of the micro
light emission element 100a are configured with the same
interconnection layer, and have a simple configuration hav-
ing only one interconnection layer, thereby it can be manu-
factured by a simple manufacturing process.

[0090] Furthermore, regarding the pixel region 1, the
metal material forming the N-electrode covers the periphery
of the micro light emission element 100a. That is, sidewalls
of the micro light emission element 100a are covered by the
metal material as shown in FIG. 8F and FIG. 9. Thereby,
light emitted from the micro light emission element 100a
can be inhibited from leaking to the adjacent micro light
emission elements 100a, and the contrast can be enhanced.
The other points are similar to those of Embodiment 1, and
as in Embodiment 1, since a current path between the micro
light emission element 100a and the drive circuit substrate
50 is completed at the time of bonding, an interconnection
may not be formed on a light emitting surface after the
bonding.

[0091] As a result, it is possible to inhibit a decrease in
light emission efficiency due to light absorption caused by
the interconnection of the light emitting surface, and pos-
sible to simplify the manufacturing process of the image
display device 200q. In addition, since it can be coupled to
the drive circuit in units of the micro light emission ele-
ments, the problem that interconnection resistance is differ-
ent for each micro light emission element 100a does not
occur. In addition, regarding the manufacturing process, a
wafer on which a plurality of drive circuits of the image
display device 200qa are disposed, and a wafer on which a
large number of micro light emission elements 100a are
disposed, are stuck to each other thereby a large number of
image display devices 200a can be manufactured at a time,
and since the bonding is performed at a wafer level, a
generation of dust is reduced and high yield can be realized.
[0092] As illustrated in the external coupling region 3 in
FIG. 9, in the configuration of the present embodiment, the
N-electrode 19N reaches the light emitting surface of the
compound semiconductor 14. Therefore, the external cou-
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pling electrode 190 formed simultaneously can be exposed
on the light emitting surface of the compound semiconduc-
tor 14.

[0093] As illustrated in FIG. 9, the external coupling
electrode 190 may have a thick pillar shape, or may have a
large number of thin pillars arranged, and can be formed in
the same process as the N-electrode 19Na. By providing the
external coupling portion 54 on the external coupling elec-
trode 190, an input/output portion of the image display
device 200a can be formed. The external coupling portion
54 may be, for example, a pad for wire bonding or a gold
bump. As described above, according to the configuration of
the present embodiment, a low resistance external coupling
portion 54 can be easily disposed.

[0094] In the scribe portion 4 in FIG. 9, unlike Embodi-
ment 1, the metal electrode is not disposed on the drive
circuit substrate 50 side nor on the compound semiconductor
14 side. This is because, when the image display devices 200
are separated from each other by laser dicing, it is desirable
to have no metal electrode. It is also possible to combine
such a scribe portion 4 with Embodiment 1.

Embodiment 3

[0095] The present embodiment is similar to Embodiment
2 in that a micro light emission element 1005 is surrounded
by a metal material, but the configuration of the metal
material is different. FIGS. 10A to 10E illustrate a manu-
facturing process of the micro light emission element 1005.
FIGS. 10A to 10C are similar to FIGS. 3A to 3C, respec-
tively. However, the P-electrode layer 10 is omitted.
[0096] In FIG. 10D, the protection layer 17 is etched and
then the N-side layer 11 is etched to form an N-groove 18Nb.
Thereafter, as illustrated in FIG. 10E, an N-side contact
electrode 21 is formed in a lower portion of the N-groove
18Nb.

[0097] The N-side contact electrode 21 is desirably made
of a metal material having a high reflectance, such as
aluminum, when in contact with the N-side layer 11. The
electrode used for the bonding is generally made of a
material such as gold, copper, nickel, or the like. When such
a material is in contact with, for example, a nitride semi-
conductor, a light reflectance at a boundary surface is about
40% to 60%, and about half of the light is absorbed by the
metal material. In contrast to this, materials such as alumi-
num or silver have a reflectance of about 80% or more and
have relatively low light absorption. Therefore, as compared
with Embodiment 2, the configuration of the present
embodiment can improve the light output.

[0098] A structure in which a lower portion of the
N-groove 18Nb is filled with a metal material and an upper
portion is opened as illustrated in FIG. 10E can be formed,
for example, by filling the portion with the metal material
using a flow sputtering method or a CVD method, and by dry
etching back the surface.

[0099] Next, as illustrated in FIG. 11A, a P-groove 18P is
formed, and further, as illustrated in FIG. 11B, the P-elec-
trode 19P and the N-electrode 19N are formed. The main
materials of the P-electrode 19P and the N-electrode 19N are
the same as those in Embodiment 1 and Embodiment 2, but
in the present embodiment, the metal layer of the lowermost
portion is changed to directly couple to the P-side layer 13.
For example, in a nitride semiconductor, it is desirable to
dispose palladium (Pd) and dispose a barrier metal layer
thereon. As described above, in the configuration of the
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present embodiment, since the N-side contact electrode 21
coupled to the N-side layer 11 is provided, the P-electrode
layer 10 is omitted to reduce the number of processes, but
the P-electrode layer 10 may not necessarily be omitted.
[0100] As described above, the P-electrode 19P is dis-
posed on the mesa 16, the N-electrode 19N is disposed on
the isolation trench 15, and both the P-electrode 19P and the
N-electrode 19N are disposed on surfaces to be the bonding
surface, and the surfaces are configured to be planarized
with the same material. The N-electrode 19N is configured
with two layers made of different materials, and on a side in
contact with the N-side layer 11 of the light emitting surface
side, a material with high light reflectance is disposed.
[0101] Using the micro light emission element 1005, an
image display device 2005 can be configured as in Embodi-
ment 2. Thus, the effect similar to Embodiment 2 is realiz-
able. Further, the N-electrode 19N is configured with two
layers made of different materials, and a material having a
high light reflectance is disposed on a side in contact with
the N-side layer 11 of the light emitting surface side, thereby
the light output can be improved as compared with Embodi-
ment 2.

Embodiment 4

[0102] The present embodiment is different in that a micro
light emission element 100c is a vertical cavity surface
emitting laser (VCSEL) type micro laser element. Compared
to the micro LED element, a spectrum of light emitting
wavelength is narrow, and display with high directivity is
possible.

[0103] An example of a manufacturing method of the
micro light emission element 100¢ will be described below
with reference to FIGS. 12A to 12E. FIGS. 12A to 12E are
sectional views illustrating a manufacturing process of the
micro light emission element 100c¢.

[0104] As illustrated in FIG. 12A, a first reflection layer
43, an N-side layer 11¢, the light emission layer 12 and the
P-side layer 13 are sequentially deposited on the growth
substrate 9 to form a compound semiconductor 14c.
[0105] The first reflection layer 43 is a distributed Bragg
reflector (DBR) that reflects light of an laser emission
wavelength. When emitting blue light using a nitride semi-
conductor, the first reflection layer 43 can be formed by
stacking a plurality of pairs of Al Ga , ,N layers and GaN
layers. For example, the first reflection layer 43 includes 20
layers of GaN/AlGaN pairs in which a thickness of the GaN
layer is 46 nm, a thickness of the Al, Ga,_,,N layer is 47 nm,
and a total thickness of GaN/AlGaN pair is 93 nm, and has
the total thickness of about 1.8 pm.

[0106] The transparent conductive electrode layer 44 and
a second reflection layer 45 are further deposited on the
compound semiconductor 14¢. The transparent conductive
electrode layer 44 is an electrode layer of indium, tin, oxide
(ITO), or the like, and has a thickness of about 50 nm to 600
nm. The second reflection layer 45 is a DBR configured with
a dielectric multilayer film. For example, the second reflec-
tion layer 45 includes 10 layers of pairs of a TiO, thin film
(thickness is 36 nm) and a SiO, thin film (thickness is 77
nm), and has the total thickness of about 1.1 pm. The
reflectance of the second reflection layer 45 to blue light is
higher than the reflectance of the first reflective layer 43.
[0107] As illustrated in FIG. 12B, after the second reflec-
tion layer 45 is laminated, the isolation trenches 15 are
formed by a photolithography technique and a dry etching
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technique. The isolation trench 15 is formed by etching a
part of a second reflection layer 45, a part of a transparent
conductive electrode layer 44, a part of the P-side layer 13,
a part of the light emission layer 12, and a part of the N-side
layer 11. Tt is not desirable to incline the side surface of the
isolation trench 15 largely, as in Embodiment 1. This is
because, with the laser element, the isolation trench does not
emit light in a horizontal direction, thereby a reflection in a
vertical direction is not compulsory.

[0108] Next, as illustrated in FIG. 12C, the isolation
trenches 15 are filled with a protection layer 17, and the
surface is planarized. Further, as illustrated in FIG. 12D, an
N-groove 18N and a P-groove 18Pc are formed. The
N-groove 18N reaches the N-side layer 11¢ at the bottom
portion of the isolation trench 15 by etching the protection
layer 17. The P-groove 18Pc reaches the transparent con-
ductive electrode layer 44 by etching the protection layer 17
and the second reflection layer 45.

[0109] Next, as illustrated in FIG. 12E, the P-electrode
19P¢ and the N-electrode 19N are formed. Here, although
the P-electrode 19Pc¢ is formed on the light emission layer,
it is desirable that the P-electrode 19Pc¢ be disposed not on
the center but on the outer peripheral portion with respect to
the region where the light emission layer 12 exists. This is
because the P-electrode 19Pc penetrates the second reflec-
tion layer 45 thereby the light emission of the laser element
is inhibited.

[0110] As described above, the P-electrode 19Pc¢ is dis-
posed on the light emission layer 12, the N-electrode 19N is
disposed on the isolation trench 15, and both the P-electrode
19P¢ and the N-electrode 19N are formed in a single
interconnection layer and disposed on surfaces to be the
bonding surface, and the surfaces are configured to be
planarized with the same material. Using the micro light
emission element 100¢, an image display device 200c¢ can be
configured as in Embodiment 1. Thus, the effect similar to
Embodiment 1 is realizable. Furthermore, in the present
embodiment, compared with Embodiment 1, the spectral
width of the light emitting wavelength can be narrowed, and
the directivity can be increased.

Embodiment 5

[0111] The present embodiment is different from Embodi-
ment 2 in that a micro light emission element 1004 is not
completely separated by the separation trench 20, and the
metal layer does not directly cover the side wall of the
N-side layer of the micro light emission element 100d.

[0112] The manufacturing process of the micro light emis-
sion element 1004 will be described with reference to FIG.
13Ato FIG. 14C. FIGS. 13A and 13B are the same as FIGS.
8A and 8B in Embodiment 2, respectively.

[0113] Next, the separation trench 20 is formed, but it is
different from FIG. 8C. Instead of completely separating the
micro light emission element, a residual N-portion 22
remains in a part. A plan view of this state is illustrated in
FIG. 14A, and the residual N-portion 22 is disposed between
two among the four comers of the micro light emission
element 1004 configuring each sub-pixel.

[0114] Note that a sectional view taken along line XIIIC-
XIIIC part in FIG. 14A is illustrated in FIG. 13C. The
residual N-portion 22 is a portion where the N-side layer 11
and the N-electrode 19N are coupled, and the disposition
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thereof may not be limited to the location of FIG. 14A and
may be the center of a side of the micro light emission
element 1004.

[0115] Next, as illustrated in FIG. 13D, a protection layer
23 is deposited on the entire surface. In this process, it is
desirable to select the width of the separation trench 20 and
the thickness of the protection layer 23 so that the separation
trench 20 is not completely filled and the trench is left
unfilled, like the gap 26. This process is a simple process
without the need for planarization by CMP. The protection
layer 23 is an insulation laver of the same type as the
protection layer 17. It is desirable that the protection layer 23
is a transparent insulation layer.

[0116] Next, as illustrated in FIG. 13E, a P-contact hole
24P and an N-contact hole 24N are formed in the protection
layer 23. The P-contact hole 24P is disposed on the P-elec-
trode layer 10, and the N-contact hole 24N is disposed on the
residual N-portion 22. The disposition of the contact holes is
illustrated in FIG. 14B.

[0117] Next, as illustrated in FIG. 13F, a metal material is
deposited, and a surface is dry etched back or polished by
CMP, then the metal matetial is left in a recessed portion,
thereby the P-electrode 19P is formed in the P-contact hole
24P. Further, an N-electrode 19Nd is formed in the N-con-
tact hole 24N and between the micro light emission elements
1004. Furthermore, the metal material filling a gap 26
portion becomes the reflective light shielding portion 27.
That is, in the micro light emission element 1004, the side
wall of the N-side layer 11 and the side wall of the mesa 16
are covered with the protection layer 23, and a reflective
metal material is disposed outside the protection layer 23 to
shield the micro light emission elements from outgoing and
incoming light. A plan view of this state is illustrated in FIG.
14C.

[0118] Also in the present embodiment, as in Embodiment
2, the P-electrode 19P and the N-electrode 19Nd of the
micro light emission element 1004 are configured with the
same interconnection layer, and have a simple configuration
having only one interconnection layer, thereby it can be
manufactured by a simple manufacturing process.

[0119] Using the micro light emission element 1004, an
image display device 200d can be configured as in Embodi-
ment 2. In the configuration of the present embodiment, the
micro light emission element 1004 is partially coupled to the
micro light emission element via the residual N-portion 22.
However, since the coupling portion is very small and the
other part is covered by the light shielding portion 27, light
leakage is reduced and a decrease in contrast can be sig-
nificantly suppressed.

[0120] Furthermore, in the configuration of the present
embodiment, the interconnection layer is not exposed to the
light emitting surface. The metal material which becomes
the light shielding portion 27 is covered with the protection
layer 23. In this structure, when the growth substrate 9 is
peeled off, tolerance to an acid or an alkaline agent is greatly
improved, so that the growth substrate 9 can be easily peeled
off, and productivity can be improved. In addition, when
forming an external coupling portion 54 after peeling off the
growth substrate 9, the coupling resistance between the
metal material and the external coupling portion 54 can be
reduced by etching the protection layer 23 present at a
boundary surface with the growth substrate 9.
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Embodiment 6

[0121] The present embodiment has a configuration in
which Embodiment 5 and Embodiment 3 are combined.
Next, the manufacturing process of the micro light emission
element 100e will be described with reference to FIG. 15A
to FIG. 17B. FIGS. 15A and 15B are the same as FIGS. 8A
and 8B in Embodiment 2, respectively.

[0122] Next, the separation trench 20 is formed, but it is
different from FIG. 8C. Instead of completely separating the
micro light emission element, a residual N-portion 22
remains in a part. A plan view of this state is illustrated in
FIG. 17A, and a residual N-portion 22 is disposed between
two adjacent micro light emission elements 100e. Note that
a sectional view taken along line XVC-XVC part in FIG.
17A is illustrated in FIG. 15C. The residual N-portion 22 is
a portion where the N-side layer 11 and the N-electrode 19N
are coupled, and the disposition thereof may not be limited
to the location in FIG. 17A and may be a corner of the micro
light emission element 100e.

[0123] Next, as illustrated in FIG. 15D, a protection layer
23 is deposited on the entire surface. In this process, it is
desirable to select the width of the separation trench 20 and
the thickness of the protection layer 23 so that the separation
trench 20 is not completely filled and the trench is left
unfilled, like the gap 26. This process is a simple process
without the need for planarization by CMP.

[0124] Next, as illustrated in FIG. 15E, a P-contact hole
24P and an N-contact hole 24N are formed in the protection
layer 23. The P-contact hole 24P is disposed on the P-elec-
trode layer 10, and the N-contact hole 24N is disposed on the
residual N-portion 22.

[0125] Next, as illustrated in FIG. 15F, a metal material is
deposited, and a surface is dry etched back or polished by
CMP, then the metal material is left in a recessed portion,
thereby a lower P-electrode 25P is formed in the P-contact
hole 24P. A lower N-electrode 25N is formed in the N-con-
tact hole 24N. Furthermore, the metal material filling a gap
26 portion becomes the reflective light shielding portion 27.
Aplan view of this state is illustrated in FIG. 17B. The metal
material deposited in the present process is made of a
material having a high reflectance to the light emitted from
the micro light emission element 100e. Generally, the metal
material is aluminum or silver. That is, in the micro light
emission element 100, the side wall of the N-side layer 11
and the side wall of the mesa 16 are covered with the
protection layer 23, and a reflective metal material is dis-
posed outside the protection layer 23 to shield the micro
light emission elements 100e from outgoing and incoming
light.

[0126] Next, as illustrated in FIG. 16A, a protection layer
17¢ is deposited, and the surface is planarized by CMP.
Subsequently, as illustrated in FIGS. 16B and 16C, the
P-groove 18P and the N-groove 18N are formed as in
Embodiment 1, and the P-electrode 19P and the N-electrode
19N are formed by using the Damascene method.

[0127] Each of FIGS. 16B and 16C is a sectional view
taken along line XVIB, XVIC-XVIB, XVIC part in FIG.
17B. Since it is sufficient that the N-groove 18N is present
on the lower N-electrode 25N, a degree of freedom in
disposition increases, and disposing at a point where a
distance to the P-electrode 19P is maximized as illustrated in
FIG. 17B, it is possible to reduce a short circuit defect.
[0128] As described above, the P-electrode 19P is dis-
posed on the mesa 16, the N-electrode 19N is disposed on

Nov. 21,2019

the isolation trench 15, and both the P-electrode 19P and the
N-electrode 19N are disposed on surfaces to be the bonding
surface, and the surfaces are configured to be planarized
with the same material.

[0129] Using the micro light emission element 100e, an
image display device 200e can be configured as in Embodi-
ment 2. In the configuration of the present embodiment, the
micro light emission element 100e is partially coupled to the
micro light emission element via the residual N-portion 22.
However, since the coupling portion is very small and the
other part is covered by the light shielding portion 27, light
leakage is reduced and a decrease in contrast can be sig-
nificantly suppressed.

[0130] Therefore the effect similar to Embodiment 2 is
realizable. Furthermore, in the configuration of the present
embodiment, by covering the micro light emission element
100e with a transparent insulation layer and disposing a
metal with high reflectance on the outside, the reflectance
can be improved and the light output can be further
improved.

[0131] Furthermore, in the configuration of the present
embodiment, as in Embodiment 5, the interconnection layer
is not exposed to the light emitting surface. The metal
material which becomes the light shielding portion 27 is
covered with the protection layer 23. In this structure, when
the growth substrate 9 is peeled off, tolerance to an acid or
an alkaline agent is greatly improved, so that the growth
substrate 9 can be easily peeled off, and productivity can be
improved. In addition, when forming an external coupling
portion 54 after peeling off the growth substrate 9, the
coupling resistance between the metal material and the
external coupling portion 54 can be reduced by etching the
protection layer 23 present at a boundary surface with the
growth substrate 9.

CONCLUSION

[0132] A micro light emission element according to aspect
1 of the present disclosure includes a compound semicon-
ductor in which a first conductive layer, a light emission
layer, and a second conductive layer having a conductivity
type opposite to a conductivity type of the first conductive
layer are sequentially laminated from a side of a light
emitting surface, in which a first electrode coupled to the
first conductive layer and a second electrode coupled to the
second conductive layer are disposed on another surface
opposite to the light emitting surface, the second electrode
is disposed on the light emission layer, the first electrode is
disposed in an isolation region which is a boundary region
of the micro light emission element and isolates the light
emission layer from a light emission layer of another micro
light emission element, and a surface of the first electrode on
a side of the other surface side and a surface of the second
electrode on the side of the other surface side are flush with
each other and are made of an identical material.

[0133] The micro light emission element according to
aspect 2 of the present disclosure may be formed of a single
interconnection layer, in the above-mentioned aspect 1.
[0134] According to the above configuration, each of the
first electrode and the second electrode is formed on the
same plane (bonding surface). Thus, in one coupling pro-
cess, the first electrode and the second electrode can be
simultaneously stuck to a first drive electrode and a second
drive electrode of the drive circuit substrate, respectively. In
addition, according to the above configuration, it is not
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desirable to provide any interconnection on the light emit-
ting side of the micro light emission element. Therefore, a
decrease in light emission efficiency can be suppressed and
manufacturing costs can be reduced.

[0135] The micro light emission element according to
aspect 3 of the present disclosure, in the above-mentioned
aspect 1, in the first electrode, a first metal material is
disposed on the light emitting surface side, and a second
metal material is disposed on the other surface side, and the
first metal material has a higher reflectance as compared to
the second metal material.

[0136] In the micro light emission element according to
aspect 4 of the present disclosure, in the above-mentioned
aspect 1, the micro light emission element may be coupled
to at least part of the other micro light emission element.
[0137] In the micro light emission element according to
aspect 5 of the present disclosure, in the above-mentioned
aspect 1, the micro light emission element may be com-
pletely separated from the other micro light emission ele-
ment.

[0138] In the micro light emission element according to
aspect 6 of the present disclosure, in the above-mentioned
aspect 1, the first electrode may cover a periphery of the
micro light emission element.

[0139] In the micro light emission element according to
aspect 7 of the present disclosure, in the above-mentioned
aspect 1, the first electrode may reach the light emitting
surface.

[0140] In the micro light emission element according to
aspect 8 of the present disclosure, in the above-mentioned
aspect 1, the micro light emission element may be a light
emitting diode, in which a side wall of an isolation trench
isolating the light emission layer from the light emission
layer of the other micro light emission element may be
inclined at a range of 45°£10° with respect to a surface of the
light emission layer.

[0141] In the micro light emission element according to
aspect 9 of the present disclosure, in the above-mentioned
aspect 1, the micro light emission element may have a
plurality of second electrodes coupled to the second con-
ductive layer.

[0142] In the micro light emission element according to
aspect 10 of the present disclosure, in the above-mentioned
aspect 1, an N-side layer and a side wall of a mesa of the
micro light emission element may be covered with a pro-
tection layer, and a reflective metal material may be disposed
outside the protection layer.

[0143] In the micro light emission element according to
aspect 11 of the present disclosure, in the above-mentioned
aspect 10, the metal material may be the first electrode.
[0144] In the micro light emission element according to
aspect 12 of the present disclosure, in the above-mentioned
aspect 3, an N-side layer and a side wall of a mesa of the
micro light emission element may be covered with a pro-
tection layer, and the second metal material may be disposed
outside the protection layer.

[0145] In the micro light emission element according to
aspect 13 of the present disclosure, in the above-mentioned
aspect 1, the micro light emission element may have a laser
diode structure of a vertical resonator surface light emitting
laser.

[0146] In an image display device according to aspect 14
of the present disclosure, in the above-mentioned aspect 1,
the micro light emission element may be disposed on a drive
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circuit substrate, and the second electrode and the first
electrode of the micro light emission element may be
coupled to a corresponding second drive electrode and a
corresponding first drive electrode on the drive circuit
substrate, respectively.

[0147] In the image display device according to aspect 15
of the present disclosure, in the above-mentioned aspect 14,
the compound semiconductor may be disposed on an entire
surface of the image display device.

[0148] In the image display device according to aspect 16
of the present disclosure, in the above-mentioned aspect 15,
an external coupling portion may be provided on the light
emitting surface of the compound semiconductor.

[0149] In the image display device according to aspect 17
of the present disclosure, in the above-mentioned aspect 16,
the image display device may have a region where an
electrode is disposed on one of a side of the micro light
emission element and a side of the drive circuit substrate, at
a bonding surface of the micro light emission element and
the drive circuit substrate.

[0150] A method of forming a micro light emission ele-
ment according to aspect 18 of the present invention
includes a process of sequentially depositing a first conduc-
tive layer, a light emission layer, and a second conductive
layer having a conductivity type opposite to a conductivity
type of the first conductive layer on a growth substrate and
growing a compound semiconductor, a process of forming
an isolation trench that isolates the light emission layer of
the compound semiconductor for each micro light emission
element on the growth substrate, a process of depositing a
protection layer on the isolation trench and planarizing a
surface of the isolation trench, and a process of forming a
second electrode coupled to the second conductive layer on
the light emission layer, and forming a first electrode
coupled to the first conductive layer on the isolation trench,
in which the respective surfaces of the second electrode and
the first electrode are formed to be planarized.

[0151] A method of forming an image display device
according to aspect 19 of the present invention includes a
process of forming a micro light emission element by using
the method of forming a micro light emission element
according to aspect 14, a process of forming, on a semicon-
ductor substrate, a drive circuit that drives the micro light
emission element, a process of bonding the micro light
emission element to a surface of the semiconductor sub-
strate, and a process of removing the growth substrate of the
micro light emission element.

[Another Expression of Present Disclosure]

[0152] The present disclosure can also be expressed as
follows. That is, the micro light emission element according
to an aspect of the present disclosure has a compound
semiconductor in which a first conductive layer, a light
emission layer, and a second conductive layer having a
conductivity type opposite to a conductivity type of the first
conductive layer are sequentially laminated from a side of a
light emitting surface (first surface), in which the light
emission layer of the compound semiconductor is divided
for each micro light emission element, a second electrode
coupled to the second conductive layer and a first electrode
coupled to the first conductive layer are disposed on another
surface (second surface) opposite to the light emitting sur-
face (first surface) of the micro light emission element, the
second electrode is disposed on the light emission layer, the
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first electrode is disposed in an isolation region, and surfaces
of the first electrode and the second electrode are made of a
same material and are configured planarized.

[0153] In addition, in the micro light emission element
according to another aspect of the present disclosure, the
micro light emission element may be coupled to an adjacent
micro light emission element.

[0154] In addition, in the micro light emission element
according to an aspect of the present disclosure, most part of
the micro light emission element may be separated from the
adjacent micro light emission element.

[0155] In addition, in the micro light emission element
according to an aspect of the present disclosure, the micro
light emission element may be completely separated from
the adjacent micro light emission element.

[0156] In addition, in the micro light emission element
according to an aspect of the present disclosure, the second
electrode may cover most parts of a periphery of the micro
light emission element.

[0157] In addition, in the micro light emission element
according to an aspect of the present disclosure, the first
electrode may reach a first surface.

[0158] In addition, in the micro light emission element
according to an aspect of the present disclosure, in the first
electrode, a first metal material may be disposed on a first
surface side and a second metal material may be disposed on
a second surface side, and the first metal material may have
a higher reflectance as compared to the second metal mate-
rial.

[0159] In addition, in the micro light emission element
according to an aspect of the present disclosure, the micro
light emission element may be a light emitting diode, and a
side wall of an isolation trench isolating the light emission
layer may be inclined at a range of 45°+10° with respect to
a surface of the light emission layer.

[0160] In addition, in the micro light emission element
according to an aspect of the present disclosure, the micro
light emission element may have a plurality of second
electrodes coupled to the second conductive layer.

[0161] In addition, in the micro light emission element
according to an aspect of the present disclosure, the micro
light emission element may have a VCSEL type laser diode
structure.

[0162] In addition, in an image display device according
to an aspect of the present disclosure, the micro light
emission element may be disposed on a drive circuit sub-
strate, and the second electrode and the first electrode of the
micro light emission element may be coupled to a corre-
sponding second drive electrode and a corresponding first
drive electrode on the drive circuit substrate, respectively.
[0163] In addition, in the image display device according
to an aspect of the present disclosure, a compound semi-
conductor may be disposed on an entire surface of the image
display device.

[0164] In addition, in the image display device according
to an aspect of the present disclosure, an external coupling
portion may be provided on the first surface of the com-
pound semiconductor.

[0165] In addition, in the image display device according
to an aspect of the present disclosure, the image display
device may have a region where an electrode is disposed on
one of the side of the micro light emission element and a side
of the drive circuit substrate, at a bonding surface of the
micro light emission element and the drive circuit substrate.
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[0166] In addition, a method of forming a micro light
emission element according to an aspect of the present
invention may include a process of sequentially depositing
a first conductive layer, a light emission layer, and a second
conductive layer having a conductivity type opposite to a
conductivity type of the first conductive layer on a growth
substrate and growing a compound semiconductor, a process
of forming an isolation trench that isolates a light emission
layer of the compound semiconductor for each micro light
emission element on the growth substrate, a process of
depositing a protection layer on the isolation trench and
planarizing a surface of the isolation trench, and a process of
forming a second electrode coupled to the second conduc-
tive layer on the light emission layer, and forming a first
electrode coupled to the first conductive layer on the isola-
tion trench, in which at least surfaces of the second electrode
and the first electrode may be formed at the same time to be
planarized.

[0167] In addition, a method of forming an image display
device according to an aspect of the present invention may
include a process of forming a micro light emission element
by using the method of forming a micro light emission
element, a process of forming, on a semiconductor substrate,
a drive circuit that drives the micro light emission element,
a process of bonding the micro light emission element to a
surface of the semiconductor substrate, and a process of
removing the growth substrate of the micro light emission
element.

APPENDIX

[0168] The present disclosure is not limited to the above-
described embodiments, various modifications can be made
within the scope of the claims, and embodiments obtained
by appropriately combining the technical means respec-
tively disclosed in different embodiments are also included
in the technical scope of the present disclosure. Furthermore,
new technical features can be formed by combining the
technical means disclosed in each embodiment.

[0169] The present disclosure contains subject matter
related to that disclosed in Japanese Priority Patent Appli-
cation JP 2018-097246 filed in the Japan Patent Office on
May 21, 2018, the entire contents of which are hereby
incorporated by reference.

[0170] It should be understood by those skilled in the art
that various modifications, combinations, sub-combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of the
appended claims or the equivalents thereof.

What is claimed is:

1. A micro light emission element comprising:

a compound semiconductor in which a first conductive
layer, a light emission layer, and a second conductive
layer having a conductivity type opposite to a conduc-
tivity type of the first conductive layer are sequentially
laminated from a side of a light emitting surface,
wherein

a first electrode coupled to the first conductive layer and
a second electrode coupled to the second conductive
layer are disposed on another surface opposite to the
light emitting surface,

the second electrode is disposed on the light emission
layer,

the first electrode is disposed in an isolation region which
is a boundary region of the micro light emission
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element and isolates the light emission layer from a
light emission layer of another micro light emission
element, and
a surface of the first electrode on a side of the other
surface and a surface of the second electrode on the side
of the other surface are flush with each other and are
made of an identical material.
2. The micro light emission element according to claim 1,
wherein
the micro light emission element is formed of a single
interconnection layer.
3. The micro light emission element according to claim 1,
wherein
in the first electrode, a first metal material is disposed on
the side of the light emitting surface, and a second
metal material is disposed on the side of the other
surface, and
the first metal material has a higher reflectance as com-
pared to the second metal material.
4. The micro light emission element according to claim 1,
wherein
the micro light emission element is coupled to at least part
of the other micro light emission element.
5. The micro light emission element according to claim 1,
wherein
the micro light emission element is completely separated
from the other micro light emission element.
6. The micro light emission element according to claim 1,
wherein
the first electrode covers a periphery of the micro light
emission element.
7. The micro light emission element according to claim 1,
wherein
the first electrode reaches the light emitting surface.
8. The micro light emission element according to claim 1,
wherein
the micro light emission element is a light emitting diode,
and
a side wall of an isolation trench isolating the light
emission layer from the light emission layer of the
other micro light emission element is inclined in a
range of 45°+10° with respect to a surface of the light
emission layer.
9. The micro light emission element according to claim 1,
wherein
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the micro light emission element has a plurality of second
electrodes coupled to the second conductive layer.
10. The micro light emission element according to claim
1, wherein
sidewalls of an N-side layer and a mesa of the micro light
emission element are covered with a protection layer,
and a reflective metal material is disposed outside the
protection layer.
11. The micro light emission element according to claim
10, wherein
the metal material is the first electrode.
12. The micro light emission element according to claim
3, wherein
sidewalls of an N-side layer and a mesa of the micro light
emission element are covered with a protection layer,
and the first metal material is disposed outside the
protection layer.
13. The micro light emission element according to claim
1, wherein
the micro light emission element has a laser diode struc-
ture of a vertical resonator surface light emitting laser.
14. An image display device comprising:
the micro light emission element according to claim 1
disposed on a drive circuit substrate, wherein
the second electrode and the first electrode of the micro
light emission element are coupled to a corresponding
second drive electrode and a corresponding first drive
electrode on the drive circuit substrate, respectively.
15. The image display device according to claim 14,
wherein
the compound semiconductor is disposed on an entire
surface of the image display device.
16. The image display device according to claim 14,
wherein
an external coupling portion is provided on the light
emitting surface of the compound semiconductor.
17. The image display device according to claim 14,
wherein
the image display device has a region where an electrode
is disposed on one of a side of the micro light emission
element and a side of the drive circuit substrate side, at
a bonding surface of the micro light emission element
and the drive circuit substrate.
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