US 20190123235A1

a9y United States

12) Patent Application Publication (o) Pub. No.: US 2019/0123235 Al

Cho et al. (43) Pub, Date: Apr. 25,2019
(54) MICRO LIGHT EMITTING DIODE (LED) HOIL 33/36 (2006.01)
STRUCTURE, METHOD FOR HOIL 33/24 (2006.01)
MANUFACTURING THE SAME AND HOIL 27/15 (2006.01)
DISPLAY INCLUDING THE SAME (52) US.CL
CPC ......... HOIL 33/0075 (2013.01); HO1L 33/32
(71) Applicant: Korea Advanced Institute of Science (2013.01); HOIL 2933/0016 (2013.01); HOIL
and Technology, Daejeon (KR) 33/24 (2013.01); HOIL 27/156 (2013.01);
. HO1L 33/36 (2013.01)
(72) Inventors: Yong-Hoon Cho, Dagjeon (KR);
Youngchul Sim, Daejeon (KR); Kie
Young Woo, Daejeon (KR) 67 ABSTRACT
(73) Assignee: Korea Advanced Institute of Science Prowdpd 18 @ Jero hght emitting diode (LED) structure
d Technolosv. Daci KR including an n-type semiconductor substrate layer, a light
and Technology, Dacjeon (KR) emitting structure layer formed on the n-type semiconductor
(21)  Appl. No.: 16/158,783 substrate layer, and a p-type semiconductor layer formed on
the light emitting structure layer, wherein the light emitting
(22) Filed: Oct. 12, 2018 structure layer includes an arrangement of light emitting
structures in which active layers including In and Ga are
(30) Foreign Application Priority Data formed on tops thereof, wherein the light emitting structure
layer forms at least three distinctive regions each including
Oct. 20, 2017 (KR) ........................ 10-2017-0136637 a Sing]e hght emitting structure or a p]urahty of hght
Sep. 21, 2018 (KR) oo 10-2018-0113806  emitting structures, the distinctive regions configured to
Publication Classificati emit light of at least two different wavelengths, the distinc-
ublication Classification tive regions are is controllable to emit light individually, and
(51) Imt.ClL the distinctive regions are different in at least one of sizes of
HOIL 33/00 (2006.01) base faces, heights, and center-to-center distances of the
HOIL 33/32 (2006.01) lighting emitting structures of the regions.
3160
+— 140
150 4130
+—120

+—110




Patent Application Publication  Apr. 25,2019 Sheet 1 of 11 US 2019/0123235 Al

wo\
—3— 160
b 140
+—130

150~
1—120
1—110

F1G. 1



Patent Application Publication  Apr. 25,2019 Sheet 2 of 11 US 2019/0123235 Al

C LTSI R
LASFPIASASL
Voerrerssrrg :
; FrrerErs sk a
P IEP AP PP ELPEE S ES LIS EF ISP TS PSS
//////f/f/ff//////l/f//f/l/I////////AM,/EEO
LA PP ETIELELI IS ETEF I L LIPS P ELI S P SI SR
PP PP EPELEF ) PP I LIPS I LI F P ES
P IR IIEL LTI P A TIPS ES LTSI P P I Er L

FIG. 2A

136

Groserrrresd A
S AS PG
YNNI

Vsl LS

IR T ararw oy

S E S LE PSP ESE PSS PSS 120
//I//!/f/f//!///////////i////l/!/l/fﬁ///

S EP LTI PSP ES SIS ES ISP ELE TP IEr AP S

P PP EIEG S ESEPOE LSS 7 Pl &SP

P I PLPSELEL S L ELET L PLLLLELELLSLELLLELL

FIG. 2B



Patent Application Publication  Apr. 25,2019 Sheet 3 of 11 US 2019/0123235 Al

~ IR~
~110

O 121
110




Patent Application Publication  Apr. 25,2019 Sheet 4 of 11 US 2019/0123235 Al

ST

Sl”




S Dld

US 2019/0123235 Al

Apr. 25,2019 Sheet 5 of 11

Patent Application Publication



US 2019/0123235 Al

Apr. 25,2019 Sheet 6 of 11

Patent Application Publication

q49 "DId

b
3
b
H
%
S
H
: M
wx&.&fz}é xxxxxxxxxxxxxxxxxx i
snypws oangdvny

V9 DA

| M
o —

: \\ i x&w.ﬁﬁ " :
A8 IAMOIE Anea sryper asnydery




Patent Application Publication  Apr. 25,2019 Sheet 7 of 11 US 2019/0123235 Al

FIG. 7



Patent Application Publication

Apr. 25,2019 Sheet 8 of 11

Lo
e

e

R

US 2019/0123235 Al



Patent Application Publication  Apr. 25,2019 Sheet 9 of 11 US 2019/0123235 Al

FIG. 9A




US 2019/0123235 Al

Apr. 25,2019 Sheet 10 of 11

Patent Application Publication

aiduwieg
I HE VL == g 2 g€F Vi
¥ 1 1] 1 " £ M & A H < 1 ¥ ¥ v [ M
g p
. g .
, 11
. = o
[ Lo i1 ®
e m o
L] % % E
§
. " .
1 §
o 5 B o
g oroee e i
- M F] .M m e
P m[i.ﬂidlbg.ﬂim m . "1
- - # by o
- ozys woped safpy g g eatomn wioped 1snpy 1]
. i i
¥ 5 ] 8 i Y i 8 m 2 3 2 3 2 3 3

0g¥

ogvy

yibuspaess

0%

A

0rs



US 2019/0123235 Al

Apr. 25,2019 Sheet 11 of 11

Patent Application Publication

uvondiosey %
snipes sade]y

azis youd aseaiou]



US 2019/0123235 Al

MICRO LIGHT EMITTING DIODE (LED)
STRUCTURE, METHOD FOR
MANUFACTURING THE SAME AND
DISPLAY INCLUDING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application claims the priority benefit of
Korean Patent Application No. 10-2017-0136637 filed on
Oct. 20, 2017, and Korean Patent Application No. 10-2018-
0113806 filed on Sep. 21, 2018, in the Korean Intellectual
Property Office, the disclosures of which are incorporated
herein by reference for all purposes.

BACKGROUND

1. Field

[0002] One or more example embodiments relate to a
micro light emitting diode (LED) structure and a method for
manufacturing the same.

2. Description of Related Art

[0003] With the recent popularity of small-sized electronic
devices such as augmented reality (AR), virtual reality (VR),
and wearable devices, the development of micro displays
draws attentions. Existing commercialized micro displays
include a liquid crystal on silicon SI

[0004] (LCoS) and organic light emitting diodes (OLED).
[0005] The LCoS implements a high-resolution display on
a small-sized chip through high-density integration by
applying the existing liquid crystal display (LCD) technol-
ogy to a Si substrate. An LCD based display essentially
needs a backlight and thus, has a limitation in thickness
reduction and requires various complex processes such as
polarizing film and color filer deposition.

[0006] A display using a light source autonomously emit-
ting light solves the above issue. For example, an OLED
based display implements a display using substances emit-
ting red, blue, and green lights, thereby implementing a
relatively thin display. Many OLED displays are applied to
displays for outdoor devices. However, the OLED displays
uses organic materials which are vulnerable to an outdoor
environment.

[0007] To solve the issues of the structured mentioned
above, displays using an LED which is an inorganic semi-
conductor light emitting device have been suggested. Micro
LEDs developed thus far have the following issues for
commercialization. Fach LED structure being a subpixel
needs to emit red, green, and blue lights to implement a
display. However, an existing LED may implement only one
color when a light emitting layer is formed on a single
substrate. Thus, a process of transferring LED structures
emitting light of respective colors on the substrate of the
display is to be performed additionally. Since a transferring
process requires a minute and precise process, the difficulty
level of a process of manufacturing a display may increase
and the yield may decrease, and thus commercialization may
be difficult and there may he a limitation to implement a
good quality full color display.

SUMMARY

[0008] An aspect provides a micro light emitting diode
(LED) structure including distinctive regions controllable to
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emit light individually and having different wavelengths by
forming three-dimensional (3D) light emitting structures to
be grown concurrently on a single substrate.

[0009] Another aspect also provides a micro LED display
including a micro LED structure, the micro LED display
capable of emitting light of at least two of red (R), green (G),
and blue (B) colors separately or concurrently.

[0010] Still another aspect also provides a method for
manufacturing a micro LED structure.

[0011] The technical task which is intended to be achieved
herein is not limited to the foregoing, and the other technical
tasks which are not mentioned should also be clearly under-
standable by those skilled in the art from the following
description.

[0012] According to an aspect, there is provided a micro
LED structure including an n-type semiconductor substrate
layer, a light emitting structure layer formed on the n-type
semiconductor substrate layer, and a p-type semiconductor
layer formed on the light emitting structure layer, wherein
the light emitting structure layer may include an arrange-
ment of light emitting structures in which active layers
including In and Ga are formed on tops thereof, wherein the
light emitting structure layer may form at least three dis-
tinctive regions each including a single light emitting struc-
ture or a plurality of light emitting structures, the distinctive
regions configured to emit light of at least two different
wavelengths, the distinctive regions may he electrically
controllable to emit light individually, and the distinctive
regions may be different in at least one of sizes of base faces,
heights, and center-to-center distances of the lighting emit-
ting structures of the regions.

[0013] A light emitting structure of a region configured to
emit light of a relatively long wavelength may have a
relatively great height.

[0014] Light emitting structures of a region configured to
emit light of a relatively long wavelength may have a
relatively great center-to-center distance between structures.
[0015] The distinctive regions may be different in In-
migration levels in the active layers, wherein the distinctive
regions may form a first region, a second region, and a third
region, and the In-migration levels in the active layers on the
light emitting structures of the first region, the second
region, and the third region may be expressed as the first
region>the second region>the third region.

[0016] The distinctive regions may be different in Ga to In
average concentration ratios in the active layers, and a
region configured to emit light of a relatively long wave-
length may have a relatively great In to Ga average con-
centration ratio.

[0017] The distinctive regions may be individually con-
nected to an electrode.

[0018] A region of a relatively long wavelength may have
a relatively great average thickness of the active layers.
[0019] The light emitting structures of the distinctive
regions may be different in at least one of heights, shapes,
and areas and are all grown concurrently through a one-step
process.

[0020] The distinctive regions may have center-to-center
distances of the light emitting structures in the range of 50
nanometers (um) to 100 micrometers (um).

[0021] The distinctive regions may have heights of the
light emitting structures in the range of 50 um to 50 pkm.
[0022] The distinctive regions may form at least three
regions having at least two different wavelengths, wherein



US 2019/0123235 Al

the light emitting structures may include at least one of a
cone, a polygonal pyramid, a cylinder; a polygonal prism, a
circular ring, a polygonal ring, a hemisphere, a cone, a
polygonal pyramid, a circular ring, and a polygonal ring
truncated to have flat tops, a cone, a polygonal pyramid, and
a polygonal prism including cylindrical hollows, and a
line-shape wall.

[0023] The active layers may further include at least one
of BAIGaN, GaAINP, GaAINAs, InAlGaN, GaAINSb,
GalnNP, GalnNAs, and GahNSb.

[0024] The active layers may further include super lattice
layers.
[0025] According to another aspect, there is provided a

color micro LED display including a micro LED structure.
[0026] According to still another aspect, there is provided
a method for manufacturing a micro is LED, the method
including forming an n-type semiconductor layer on a
bottom substrate, forming a mask layer on the n-type semi-
conductor layer, patterning the mask layer to form at least
three distinctive regions each including a single opening
pattern or a plurality of opening patterns, the distinctive
regions being different in at least one of center-to-center
distances and sizes of the opening patterns, growing a light
emitting structure layer including at least three distinctive
regions configured to emit light of at least two different
wavelengths from above the n-type semiconductor layer
opened on the opening patterns of the mask layer of the
distinctive regions, forming an active layer including In and
Ga on the grown light emitting structure layer, forming a
p-type semiconductor layer on the light emitting structure
layer, and forming an electrode configured to individually
form an electrical connection with each of the at least three
distinctive regions of the light emitting structure layer.
[0027] The opening patterns may include at least one of
circular patterns, linear patterns, and polygonal patterns,
wherein the opening patterns may include a plurality of
distinctive regions being different in at least one of shapes,
sizes, depths, and pattern intervals, and the plurality of
distinctive regions of the light emitting structure layer may
be generated based on distinctive regions of the opening
patterns.

[0028] The distinctive regions may have center-to-center
distances of openings in the opening patterns in the range of
50 nm to 100 pm.

[0029] Openings in the opening patterns may have diam-
eters in the range of 50 nm to 50 pm.

[0030] The growing of the light emitting structure layer
and the forming of the active layer may each be performed
at a temperature ranging from 300° C. to 1200° C. and at a
pressure ranging from 50 Torr to 500 Torr.

[0031] Additional aspects of example embodiments will
be set forth in part in the description which follows and, in
part, will be apparent from the description, or may be
learned by practice of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] These and/or other aspects, features, and advan-
tages of the invention will become apparent and more
readily appreciated from the following description of
example embodiments, taken in conjunction with the
accompanying drawings of which:

[0033] FIG. 1 illustrates a micro light emitting diode
(LED) structure according to an example embodiment;
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[0034] FIGS. 2A and 2B illustrate light emitting structures
of a micro LED structure according to an example embodi-
ment;

[0035] FIGS. 3A and 3B illustrate light emitting structures
of a micro LED structure according to an example embodi-
ment;

[0036] FIG. 4 illustrates an arrangement of distinctive
regions of a micro LED structure according to an example
embodiment;

[0037] FIG. 5 illustrates a process of a method for manu-
facturing a micro LED according to an example embodi-
ment;

[0038] FIGS. 6A and 6B illustrate light emitting structures
grown based on sizes of opening patterns according to an
example embodiment;

[0039] FIG. 7 illustrates light emitting structures grown
based on sizes and shapes of opening patterns according to
an example embodiment;

[0040] FIG. 8 illustrates scanning electron microscopy
(SEM) images of light emitting structures grown based on
sizes and center-to-center distances of opening patterns
according to an example embodiment;

[0041] FIGS. 9A and 9B illustrate light emitting structures
grown based on sizes and center-to-center distances of
opening patterns and a change in wavelength of light accord-
ing to an example embodiment; and

[0042] FIG, 10 illustrates an example of adjusting a migra-
tion length of an element based on sizes and center-to-center
distances of opening patterns according to an example
embodiment

DETAILED DESCRIPTION

[0043] Hereinafter, example embodiments will be
described in detail with reference to the accompanying
drawings. Various alterations and modifications may be
made to the examples. Here, the examples are not construed
as limited to the disclosure and should be understood to
include all changes, equivalents, and replacements within
the idea and the technical scope of the disclosure.

[0044] The terminology used herein is for the purpose of
describing particular examples only and is not to be limiting
of the examples. As used herein, the singular forms are
intended to include the plural forms as well, unless the
context clearly indicates otherwise. It should be further
understood that the terms “comprises” and/or “comprising,”
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, com-
ponents or a combination thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0045] Unless otherwise defined herein, all terms used
herein including technical or scientific terms have the same
meanings as those generally understood by one of ordinary
skill in the art. Terms defined in dictionaries generally used
should be construed to have meanings matching with con-
textual meanings in the related art and are not to be con-
strued as an ideal or excessively formal meaning unless
otherwise defined herein.

[0046] When describing the examples with reference to
the accompanying drawings, like reference numerals refer to
like constituent elements and a repeated description related
thereto will be omitted. When it is determined detailed
description related to a related known function or configu-
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ration they may make the purpose of the examples unnec-
essarily ambiguous in describing the examples, the detailed
description will be. omitted here.

[0047] A number of example embodiments have been
described above. Nevertheless, it should be understood that
various modifications may be made to these example
embodiments. For example, suitable results may be achieved
if the described techniques are performed in a different order
and/or if components in a described system, architecture,
device, or circuit are combined in a different manner and/or
replaced or supplemented by other components or their
equivalents.

[0048] Accordingly, other implementations are within the
scope of the following

[0049] One or more example embodiments relate to a
micro light emitting diode (LED) structure.

[0050] The micro LED structure may include an n-type
semiconductor substrate layer, a light emitting structure
layer formed on the n-type semiconductor substrate layer,
and a p-type semiconductor layer formed on the light
emitting structure layer, wherein the light emitting structure
layer may include an arrangement of light emitting struc-
tures in which active layers including In and Ga are formed
on tops thereof, wherein the light emitting structure layer
may form at least three distinctive regions each including a
single light emitting structure or a plurality of light emitting
structures, the distinctive regions configured to emit light of
at least two different wavelengths, the distinctive regions
may be electrically controllable to emit light individually,
and the distinctive regions may he different in at least one of
sizes of base faces, heights, and center-to-center distances of
the lighting emitting structures of the regions.

[0051] A light emitting structure of a region configured to
emit light of a relatively long wavelength may have a
relatively great height.

[0052] Light emitting structures of a region configured to
emit light of a relatively long wavelength has a relatively
great center-to-center distance.

[0053] The distinctive regions may be different in In-
migration levels in the active layers, wherein the distinctive
regions may form a first region, a second region, and a third
region, and the in-migration levels of the active layers on the
light emitting structures of the first region, the second
region, and the third region may be expressed as the first
region>the second region>the third region.

[0054] The distinctive regions may be different in Ga to In
average concentration ratios in the active layers, and a
region configured to emit light of a relatively long wave-
length may have a relatively great In to Ga average con-
centration ratio,

[0055] The micro LED structure will be described further
with reference to FIGS. 1 through 4. FIG. 1 illustrates a
micro LED structure according to an example embodiment.
Referring to FIG. 1, a micro LED structure 100 may include
a bottom substrate 110, an n-type semiconductor substrate
layer 120, a light emitting structure layer 130, and a p-type
semiconductor layer 140.

[0056] The bottom substrate 110 may be applicable to a
micro LED structure and appropriately selected depending
on a field of application of the micro LED structure, and may
include, for example, at least one of sapphire (Al,0,), Si,
SiC, GaN, and AIN.

[0057] The n-type semiconductor substrate layer 120 may
be formed on the bottom substrate 110 and include an n-type
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gallium nitride semiconductor, For example, the n-type
nitride semiconductor may include at least one of CaN,
GaNP, GaNAs, GaNSb, AlGaN, BAIGaN, GaAINP, GaAl-

NAs, InAlGaN, GaAINSb, GaAINP, GalnNAs, and
GalnNSb.
[0058] The n-type semiconductor substrate layer 120 may

further include an n-type impurity element, for example, N,
P, As, Ge, Si, Cu, Ag, Au, Sb, or Bi.

[0059] The n-type semiconductor substrate layer 120 may
be formed in a thickness ranging from 1 micrometers (um)
to 10 pum, preferably, from 2 pm to 4 pm. If the thickness of
the n-type semiconductor substrate layer 120 is less than 1
pm, the quality of the micro LED structure may not be
sufficiently good. If the thickness of the n--type semicon-
ductor substrate layer 120 is greater than 10 pm, the semi-
conductor substrate layer may crack.

[0060] The n-type semiconductor substrate layer 120 may
have a small area or a great area, for example, a great area
of at least 2 inches, at least 5 inches, or at least 12 inches.
[0061] A dielectric layer 121 (not shown) may be further
formed on at least a portion of the n-type semiconductor
substrate layer 120. The dielectric layer 121 may be formed
on a remaining portion excluding a portion in which a light
emitting structure 131 is formed on the n-type semiconduc-
tor substrate layer 120. For example, the dielectric layer 121
may include is at least one of Al,O,, TiO,, TiN, SiCx, SiOx,
SixNy, and SiOxNy. The dielectric layer 121 may be formed
in a thickness ranging from 10 nanometers (nm) to 2 pm,
preferably, from 30 nm to 1 pm.

[0062] The light emitting structure layer 130 may emit
light of a single wavelength band or various wavelength
bands and include the same light emitting structure 131 or a
plurality of different light emitting structures 131. The
plurality of light emitting structures 131 may be different in
structure shapes, sizes (for example, heights, volumes, cross
sectional areas, diameters, lengths, and lengths of base
faces), components, arrangement manners (for example,
pattern intervals, arrangement shapes, and densities), com-
ponents, growing schemes, and crystal structures. By chang-
ing at least one of such factors, a wavelength of light emitted
from the light emitting structure 131 may be adjusted.
[0063] The light emitting structure 131 may have a diam-
eter (or a length of a base face) ranging from 50 nm to 300
um and/or a height (or a length) ranging from 50 nm to 300
um. For example, the light emitting structure may be formed
in a height ranging from 50 nm to 100 pm.

[0064] A wavelength of light emitted from the light emit-
ting structure may be controlled by various variables. Such
variables may include, for example, a size and shape of the
light emitting structure, a center-to-center distance, a thick-
ness of an active layer, molar concentrations of In and Ga,
and an In-migration level. For example, when a portion of
the variables is controlled, a light emitting structure 131
having a relatively great height may emit light of a relatively
long wavelength.

[0065] The light emitting structures 131 may be arranged
to have a center-to-center distance ranging from 50 nm to
500 um. For example, the light emitting structures may be
formed to have a center-to-center distance ranging from 50
nm to 100 um. In this example, the center-to-center distance
of the light emitting structures may be at a level correspond-
ing to an interval between patterns formed on a mask layer.
[0066] FIGS. 2A and 2B illustrate the light emitting struc-
tures 131 according to an example embodiment. Referring to
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FIGS. 2A and 2B, a light emitting structure 131 may include
athree-dimensional (3D) structure 131a grown on the n-type
semiconductor substrate layer 120 and an active layer 1315
formed on at least a portion of the 3D structure 131a.
[0067] The 3D structure 131¢ may include an n-type
semiconductor which is the same as the n-type semiconduc-
tor substrate layer 120. The 3D structure 1314 may be grown
on the n-type semiconductor substrate layer. The 3D struc-
ture 131a¢ may include at least one of a cone, a polygonal
pyramid, a cylinder, a polygonal prism, a circular ring, a
polygonal ring, a hemisphere, a cone, a polygonal pyramid,
a circular ring, and a polygonal ring truncated to have flat
tops, a cone, a polygonal pyramid, and a polygonal prism
including cylindrical hollows, and a line-shape wall.
[0068] For example, the 3D structure 131a¢ may have a
diameter (or a length of a base face) ranging from 50 nm to
300 pm and/or a height (or a length) ranging from 50 nm to
300 pm.

[0069] FIGS. 2A and 2B also illustrate wavelengths of
light emitted from the light emitting structure 131s accord-
ing to an example embodiment. FIG. 2A illustrates an
example in which the light emitting structure 131 emits light
of different wavelengths R1 and R2 through different faces,
wherein, for example, green light R| may be emitted through
a top face of a truncated hexagonal pyramid structure, and
blue light R, may be emitted through side faces of a
hexagonal pyramid structure. Further, FIG. 2B illustrates an
example in which structures having different heights emit
light of different wavelengths, wherein truncated hexagonal
pyramid structures having different heights may emit green
light R, and red light R, through top faces thereof, respec-
tively.

[0070] The active layer 1315 may include a light emitting
substance and be formed of a single layer or a plurality of
layers. The active layer 131 b may adjust a wavelength of
light to he emitted by adjusting a thickness of the active
layer 1315, a growth rate, a concentration ratio and migra-
tion of constituents, and a number of layers. In detail, the
active layer 1315 may is adjust wavelengths of light to be
emitted through faces of the 3D structure 1314, for example,
side faces (or inclined faces) and a top face by changing at
least one of the thickness of the active layer, the growth rate,
the concentration ratio and migration of the constituents, and
the number of layers.

[0071] The active layer 1315 may change the growth rate
based on a growth temperature of the active layer on the 3D
structure 131a to adjust the wavelengths of light to be
emitted. A plurality of active layers 1315 may include active
layers having the same growth rate or different growth rates.
A growth rate of an active layer, that is, a thickness of the
active layer, may be a factor which changes a wavelength of
light to be emitted.

[0072] The active layer 1315 may adjust an In-migration
level in the active layer when the active layer is being grown
on the 3D structure 131a, to adjust the wavelengths of light
to be emitted. The In-migration level may vary depending on
faces of the 3D structure 131a, for example, side faces (or
inclined surfaces) or a top surface, whereby the wavelengths
of light to be emitted may be adjusted. The In-migration
level may vary depending on a size or a volume of the 3D
structure 131a, whereby the wavelengths of light to be
emitted may he adjusted. The In-migration level may vary
depending on an arrangement interval of the 3D structure
131a, whereby the wavelengths of light to be emitted may
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he adjusted. The In-migration level may vary depending on
aprocess condition for growing the active layer, whereby the
wavelengths of light to be emitted may be adjusted. The
above examples will be described further in relation to a
manufacturing method. The plurality of active layers 1315
may include active layers having the same In-migration
level or different In-migration levels. An In-migration may
be caused by a difference in relative movement easiness
between indium and gallium. The In-migration is a phenom-
enon occurring since indium moves longer than gallium on
the mask layer. By the In-migration, a molar concentration
of In in an active layer of the light emitting structure may
increase as an area in which amount of indium reached by
migration increases when the active layer is being grown. In
this example, the molar concentration of In may be a factor
which determines the wavelengths of light to be emitted.

[0073] The active layer 1315 may adjust a Ga to In
average concentration ratio in the active layer when the
active layer is being, grown on the 3D structure 1314, to
adjust the wavelengths of light to be emitted. The plurality
of active layers 1315 nay include active layers having the
same Ga to In average concentration ratio or different Ga to
In average concentration ratios. Average concentration ratios
of In and Ga may be adjusted through amounts of In and Ga
to be injected and also be adjusted by controlling the
In-migration level through an interval design between light
emitting structures.

[0074] The active layer 1315 may include at least one of
BAlGaN, GaAINP, GaAlNAs, InAlGaN, GaAINSbD,
GalnNP, GalnNAs, and GalnNSb, preferably, InGaN.

[0075] The active layer 1316 may further include a super
lattice layer, and emission of light of a long wavelength may
be induced by inserting the super lattice layer. The super
lattice layer may be formed in a thickness ranging from 1 nm
to 10 nm. The super lattice layer may be formed of a single
layer or a plurality of layers and include a quantum well
layer.

[0076] For example, the light emitting structures 131 may
be arranged at random or regularly. The light emitting
structures 131 may be arranged in a pattern of at least one
of acircle, an oval, a polygon, a circle, an oval and a polygon
with a central point, and a line. The circle, the oval and the
polygon with the central point may be a shape in which a
single central point is surrounded by a single circle, oval or
polygon or a plurality of circles, ovals or polygons.

[0077] FIGS. 3A and 3B illustrate light emitting structures
of a micro LED structure according to an example embodi-
ment. Referring to FIGS. 3A and 3B, the light emitting
structure layer 130 may be partitioned into a plurality of
regions, and the light emitting structures 131 may be
arranged in the regions.

[0078] The light emitting structures 131 may be arranged
on the light emitting structure layer 130 such that a single
light emitting region or a plurality of light emitting regions
may he formed, and the light emitting structure layer 130
may be partitioned based on wavelengths of light to be
emitted. For example, at least three distinctive regions
including a first region R configured to emit red light, a
second region G configured to emit green light, and a third
region B configured to emit blue light may be formed.
[0079] The distinctive regions may include the same light
emitting structure 131 or different light emitting structures
131 to adjust the wavelengths of light to be emitted.
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[0080] The distinctive regions may be different in at least
one of shapes of the light emitting structures 131, sizes (for
example, heights, volumes, cross sectional areas, diameters,
lengths, and lengths of base faces), pattern intervals (for
example, center-to-center distances of the light emitting
structures), arrangement shapes, densities (for example,
ratios of volumes of the light emitting structures 131 to areas
of the distinctive regions), components, growth schemes,
crystal structures, and configurations of the active layers
(thicknesses, In-migrations, and Ga to In average concen-
trations of the active layers).

[0081] In detail, the distinctive regions may be different in
the center-to-center distances of the light emitting structures
and/or the ratios of the volumes of the light emitting
structures to the areas of the distinctive regions. Light
emitting structures of a region configured to emit light of a
relatively long wavelength may have a relatively great
center-to-center distance, and a light emitting structure of a
region configured to emit light of a relatively long wave-
length may have a relatively great height.

[0082] The above effects may he achieved by controlling
a portion of a plurality of factors which change the wave-
lengths of light to he emitted. When a portion of the factors
is controlled, light of a relatively long wavelength may be
emitted as the height of the light emitting structure increases,
which is implemented since an In-migration length is rela-
tively long.

[0083] Meanwhile, the distinctive regions may include the
same active layer 1315 or different active layers 1314. The
distinctive regions may be different in In-migration levels in
the active layers. When assuming the distinctive regions
include the first region through the third region, the In-
migration levels in the active layers on the light emitting
structures of the first region, the second region, and the third
region may be expressed as the first region>the second
region>the third region, based on the premise that a portion
of the factors is controlled. For example, the first region
through the third region may be regions configured to emit
red, green, and blue lights.

[0084] The distinctive regions may be different in Ga to In
average concentrations in the active layers, and a region
configured to emit light of a relatively long wavelength may
have a relatively great In to Ga average concentration ratio.
[0085] The distinctive regions may be different in thick-
nesses of the active layers.

[0086] The distinctive regions may include light emitting
structures 130 of different shapes. In the example of FIG.
3A, the first region R configured to emit red light may
include hexagonal pyramid structures including cylindrical
hollows, the second region G configured to emit green light
may include truncated hexagonal pyramid structures, and
the third region B configured to emit blue light may include
pyramid structures. In an example of FIG. 3B, the first
region R configured to emit red light may include truncated
hexagonal pyramid structures, the second region G config-
ured to emit green light may include truncated hexagonal
pyramid structures, and the third region B configured to emit
blue light may include hexagonal pyramid structures. The
truncated hexagonal pyramid structures, the hexagonal pyra-
mid structures, and the hexagonal pyramid structures includ-
ing the cylindrical hollows may have the same height or
different heights.

[0087] The first region R configured to emit red light, the
second region G configured to emit green light, and the third
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region B configured to emit blue light may include hexago-
nal pyramid structures or truncated hexagonal pyramid
structures, and the third region B configured to emit blue
light may use a wavelength of light emitted through side
faces of the hexagonal pyramid structures, and the second
region G configured to emit green light and the first region
R configured to emit red light may use wavelengths of light
emitted through at least one of side faces and top faces of the
truncated hexagonal pyramid structures. That is, the second
region G configured to emit green light and the first region
R configured to emit red light may he determined based on
the heights of the top faces of the truncated hexagonal
pyramid structures, and light of a relatively long wavelength
may be emitted through a top face of a truncated hexagonal
pyramid structure with a relatively great height.

[0088] The distinctive regions may be arranged regularly
or at random. F1G. 4 illustrates an arrangement of distinctive
regions of a micro LED structure according to an example
embodiment. Referring to FIG. 4, distinctive regions S1, S2,
S3, . .., Sn may be arranged in a direction of X and
distinctive regions S1', S1", S2', 82", . . ., Sn™ may be
arranged in a direction of Y. Sn and Sn™ may be red, green,
or blue light emitting regions, and the light emitting regions
may be arranged at the same center-to-center distance or
different center-to-center distances b of light emitting struc-
tures therein. The center-to-center distance b of the light
emitting structures may be in the range of 50 nm to 500 pm.
In addition, the light emitting regions arranged in the direc-
tion of X and the direction of Y may include the same light
emitting structure or different light emitting structures, as
described above, and the light emitting structures may adjust
wavelengths of light to be emitted based on a desired
arrangerment of the light emitting regions. For example, the
plurality of light emitting regions may form pixel units
including red, green, and blue light emitting regions as
subpixels. The light emitting regions may provide light
sources of colors desired by a display in the unit of subpixels
and implement a color or full color micro display.

[0089] The distinctive regions may have at least one of
shapes of circles (or dots) and to polygons (for example,
triangles, squares, rectangles, or hexagons) and have widths
a of at least 5 pm, at least 10 um, or at least 15 pm.
[0090] The p-type semiconductor layer 140 may be
formed on the light emitting structure layer 130. The p-type
semiconductor layer 140 may include a p-type gallium
nitride semiconductor. For example, the p-type gallium
nitride semiconductor may include at least one of GaN,
GaNP, GaNAs, GaNSb, AlGaN, InGaN, BAlGaN, GaAINP,
GaAlINAs, InAlGaN, GaAINSb, GalnNP, GalnNAs, and
GalnNSb, preferably, a p-type GaN including an AlGaN
electron blocking layer. Further, the p-type semiconductor
layer 140 may further include a p-type impurity element, for
example, Mg, B, In, Ga, Al, or TI

[0091] The distinctive regions may be individually con-
nected to an electrode. That is, when assuming that the
distinctive regions emit red, green, and blue lights, the micro
LED structure may operate to selectively emit only one or
two of the red, green, and blue lights. Thus, in an example
of using the micro LED structure provided herein, a full
color display implemented in a combination of various
colors may be implemented, in addition to a display emitting
white light by simply mixing red, green, and blue lights.
[0092] For example, the micro LED structure 100 may
further include, for an operation, an n-type metal electrode
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layer 150 and a p-type metal electrode layer 160. The
distinctive regions in the micro LED structure 100 may
operate by being individually connected to the n-type metal
electrode layer 150 and the p-type metal electrode layer 160
and be controllable to emit light individually.

[0093] A region of a relatively long wavelength may have
a relatively great average thickness of the active layers.
[0094] The light emitting structures of the distinctive
regions may be different in at least one of heights, shapes,
and areas and be all grown concurrently through a one-step
process.

[0095] The active layers may further include super lattice
layers.
[0096] Meanwhile, the n-type metal electrode layer 150

may be formed on at least a portion of the n-type semicon-
ductor substrate layer 120. The n-type metal electrode layer
150 may include at least one of Co, Ir, Ta, Cr, Mn, Mo, W,
Re, Fe, Sc, Ti, Sn, Ge, Sb, Al, Pt, Ni, Au, ITO, and ZnO. The
n-type metal electrode layer 150 may be formed of a single
layer or a plurality of layers.

[0097] Further, the p-type metal electrode layer 160 may
be formed on at least a portion of the p-type semiconductor
layer 140. The p-type metal electrode layer 160 may include
at least one of Co, Ir, Ta, Cr, Mn, Mo, W, Re, Fe, Se, Ti, Sn,
Ge, Sb, Al, Pt, Ni, Au, ITO, and ZnO. The p-type metal
electrode layer 160 may be formed of a single layer or a
plurality of layers.

[0098] The n-type metal electrode layer 150 and the p-type
metal electrode layer 160 may act as ohmic electrons and
electrically operate by providing currents to the micro LED
structure 100, and be formed in thicknesses ranging from 30
nm to 500 nm, preferably, from 50 nm to 300 nm.

[0099] One or more example embodiments relate to a
micro display including a micro LED structure. The micro
LED structure is applied to the micro display, and thus a
manufacturing process and cost may be reduced, and a color
display may be implemented.

[0100] The micro display may use a light emitting struc-
ture grown on an n-type semiconductor substrate layer, and
thus sizes of pixels and/or subpixels, an arrangement, and a
color of light may be adjusted precisely, and a full color
display may be implemented.

[0101] The subpixels may include subpixels of red, green,
and blue light emitting regions. The subpixels may be
arranged regularly or at random. That is, the light emitting
regions S1, ..., Snand SI', . . ., Sn™ of FIG. 4 may be
configured as the subpixels. The sizes of the subpixels of the
red, green, and blue light emitting regions may include
widths a of at least 5 pm, at least 10 um, or at least 15 pm.
The red, green, and blue light emitting regions may have
shapes of at least one of circles (or dots) and polygons (for
example, triangles, squares, rectangles, or hexagons).
[0102] One or more example embodiments relate to a
method for manufacturing a micro LED structure. The
manufacturing method may form a light emitting structure
layer having various light emitting regions on a single
substrate using a one-step growth process, and further sim-
plify a process of manufacturing a micro LED display.
[0103] One or more example embodiments relate to a
method for manufacturing a micro LED, the method includ-
ing forming an n-type semiconductor layer on a bottom
substrate, forming a mask layer on the n-type semiconductor
layer, patterning the mask layer to form at least three
distinctive regions each including a single opening pattern or
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a plurality of opening patterns, the distinctive regions being
different in at least one of center-to-center distances and
sizes of the opening patterns, growing a light emitting
structure layer including at least three distinctive regions
configured to emit light of at least two different wavelengths
from above the n-type semiconductor layer opened on the
opening patterns of the mask layer of the distinctive regions,
forming an active layer including In and Ga on the grown
light emitting structure layer, forming a p-type semiconduc-
tor layer on the light emitting structure layer, and forming an
electrode configured to individually form an electrical con-
nection with each of the at least three distinctive regions of
the light emitting structure layer.

[0104] The opening patterns may include at least one of
circular patterns, linear patterns, and polygonal patterns,
wherein the opening patterns may include a plurality of
distinctive regions being different in at least one of shapes,
sizes, depths, and pattern intervals, and the plurality of
distinctive regions of the light emitting structure layer may
be generated based on distinctive regions of the opening
patterns.

[0105] The distinctive regions may have center-to-center
distances of openings in the opening patterns in the range of
50 nm to 100 pm.

[0106] Openings in the opening patterns may have diam-
eters in the range of 50 nm to 50 pm.

[0107] The growing of the light emitting structure layer
and the forming of the active layer may each be performed
at a temperature ranging from 300° C. to 1200 ° C. and at
a pressure ranging from 50 Torr to 500 Torr.

[0108] The above manufacturing method will be described
further with reference to FIG. 5. FIG. 5 illustrates a process
of a method for manufacturing a micro LED according to an
example embodiment. Referring to FIG. 5, the manufactur-
ing method may include operation S110 of preparing a
bottom substrate, operation S120 of forming an n-type
semiconductor layer, operation S130 of forming a mask
layer, operation S140 of patterning and forming a light
emitting structure layer, and operation S150 of forming a
p-type semiconductor layer. The manufacturing method may
further include operation S160 of forming an electrode after
operation S150.

[0109] Inoperation S110, the bottom substrate 110 may be
prepared.
[0110] In operation S120, the n-type semiconductor sub-

strate layer 120 may be formed on at least a portion of the
bottom substrate 110 using metal-organic chemical vapor
deposition (MOCVD), molecular beam epitaxy (MBE), or
hydride vapor phase epitaxy (HVPE). A process condition is
not particularly limited. The n-type semiconductor substrate
layer 120 is as described above.

[0111] In operation S130, the mask layer 121 may be
deposited on at least a portion of the n-type semiconductor
substrate layer 120. For example, the mask layer 121 may
have a thickness ranging from 10 nm to 200 nm and include
components the same as those of the dielectric layers
described above.

[0112] In operation S140, the mask layer 121 may be
patterned with opening patterns. The opening patterns may
be formed on a single substrate using a one-step process.
Thus, the micro LED structure may be formed without
performing a transferring process, and a relatively great-area
substrate may be applicable.
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[0113] In operation S140, a plurality of opening patterns
may be formed on the mask layer to form the distinctive
regions described above, and the mask layer may be pat-
terned to form at least three distinctive regions being dif-
ferent in at least one of pattern intervals and shapes. The
mask layer may be patterned by being partitioned into
subpixels including red, green, and blue light emitting
regions, and light sources necessary for the display may be
provided on the single substrate using a one-step process.
[0114] The shapes and sizes of the light emitting structures
130, and the configuration of the active layers may be
adjusted based on the sizes a of the opening patterns and
arrangement intervals of the opening patterns, and the wave-
lengths of light emitted from the light emitting structures
130 may be adjusted minutely.

[0115] FIGS. 6A and 6B illustrate light emitting structures
grown based on sizes of opening patterns according to an
example embodiment. Referring to FIG. 6A, a growth
region and a capture radius may be determined based on a
size of an opening pattern. Referring to FIG. 6B, structures
may be grown in various shapes based on growth regions
and capture radiuses. Such growth regions and capture
radiuses may adjust the widths and heights of the grown
structures, and further be utilized to adjust the configuration
of the active layers after the structures are grown.

[0116] FIG. 7 illustrates light emitting structures grown
based on sizes and shapes of opening patterns according to
an example embodiment. Referring to FIG, 7, pyramid
structures, truncated pyramid structures, and pyramid struc-
tures including cylindrical hollows may be formed based on
the sizes and shapes of the opening patterns.

[0117] FIG. 8 illustrates scanning electron microscopy
(SEM) images of light emitting structures grown based on
sizes and center-to-center distances of opening patterns
according to an example embodiment. Referring to FIG. 8,
formation of pyramid structures and truncated pyramid
structures may be adjusted based on the sizes and center-
to-center distances of the opening patterns.

[0118] FIGS. 9A and 9B illustrate light emitting structures
grown based on sizes and center-to-center distances of
opening patterns and a change in wavelength of light accord-
ing to an example embodiment. The example of FIG. 9A
verifies that the shapes and sizes of the light emitting
structures may vary based on the sizes and center-to-center
distances of the opening patterns, and the example of FIG.
9B verifies that the wavelengths of light emitted from the
light emitting structures may vary, That is, the wavelengths
of light to be emitted may be adjusted minutely based on the
configuration of the opening patterns. Further, referring to
FIG. 9B, the pyramid structures and the truncated pyramid
structures may be formed, and the sizes and the heights of
the truncated pyramid structures may change as the sizes of
the opening patterns increase. That is, it may be verified that
the shapes and heights of the structures may be adjusted
based on the sizes of the opening patterns.

[0119] In operation S140, patterning may be performed
using a lithography process, reactive ion etching, and wet
etching. For example, the lithography process may use
photo-lithography, laser lithography, e-beam lithography, or
nano-lithography.

[0120] The diameters a (or widths) of the opening patterns
may be appropriately selected based on the shapes of the
light emitting structures, preferably, in the range of 50 nm to
50 pm. The arrangement intervals of the opening patterns
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may be greater than the diameters. Cross sections of the
opening patterns may have shapes of at least one of circles
and polygons, and the n-type semiconductor substrate layer
120 may be opened at lower end portions of the opening
patterns. The center-to-center distances of openings in the
opening patterns may be in the range of 50 nm to 100 pm.

[0121] The opening patterns may include at least one of
circular patterns, linear patterns, and polygonal patterns,
wherein the opening patterns may include a plurality of
distinctive regions being different in at least one of shapes,
sizes, depths, and pattern intervals, and the plurality of
distinctive regions of the light emitting structure layer may
he generated based on distinctive regions of the opening
patterns. For example, at least three light emitting structure
regions configured to emit light of at least two different
wavelengths, the light emitting structure regions represented
by the first region and the third region, may be formed by the
various opening patterns,

[0122] Operation S140 may include an operation of grow-
ing the 3D structure 131a and an operation of forming the
active layer 1314.

[0123] Inoperation S140, the light emitting structure layer
130 may be formed all over the substrate according to the
opening patterns using a one-step process, wherein the light
emitting structure layer including at least three distinctive
regions configured to emit red, green, and blue lights from
above the n-type semiconductor layer opened on the opening
patterns of the mask layer of the distinctive regions may be
grown. Thus, various light emitting regions may be formed
on the single substrate without performing a transferring
process, and light sources necessary for a display may be
manufactured using a one-step process.

[0124] In the operation of growing the 3D structure 131a,
the 3D structure 131a may be grown on the n-type semi-
conductor layer opened in the opening patterns.

[0125] In operation of growing the 3D structure 131a, the
heights and/or shapes of the structures may he adjusted
based on a growth time. For example, by increasing the
growth time, the truncated pyramid structures may be grown
to pyramid structures, In another example in which the same
growth time is provided, the structures may be designed
based on the sizes and center-to-center distances of the
opening patterns mentioned above. For example, pyramid
structures may he formed by circular patterns with a rela-
tively great center-to-center distance or relatively small
circular patterns, and truncated pyramid structures may be
formed by circular patterns with a relatively short center-
to-center distance or relatively great circular patterns. In
addition, as the sizes of the patterns decrease, the heights of
the truncated pyramid structures may increase.

[0126] The operation of growing the 3D structure 131a
may be performed at a temperature ranging from 700° C. to
1200° C. and at a pressure ranging from 50 Torr to 500 Torr.
The above operation may be performed using MOCVD,
MBE, or HYPE.

[0127] In the operation of growing the 3D structure 131a,
the 3D structure 1314 may be formed of components the
same as or different from those of the n-type semiconductor
substrate layer 120, and the shapes of the 3D structure may
be as described above.

[0128] In the operation of forming the active layer, the
active layer 1315 may he formed on at least a portion of the
3D structure 131a. As described above, the configuration of
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the active layer may be adjusted. For example, the active
layer including In and Ga may be formed on the grown light
emitting structure layer.

[0129] The operation of forming the active layer may be
performed at a temperature ranging from 550° C. to 850° C,,
and the range of temperature may he appropriately selected
based on a desired growth rate of the active layer. The
operation of forming the active layer may be performed
using MOCVD, MBE, or HVPE. The components and
configuration of the active layer may be as described above.
[0130] By applying differences in growth rate and content
of the components when the active layer is being formed,
wavelengths of light to be emitted may be adjusted. For
example, wavelengths of light emitted from hexagonal pyra-
mid structures and truncated hexagonal pyramid structures
may be adjusted based on differences in growth rate and
indium content of InGaN layers formed on a crystal plane of
a c-axial direction and a semi-polar crystal plane when an
InGaN active layer is being formed.

[0131] Wavelengths of light to be emitted may be adjusted
based on a difference in migration length of component
elements when the active layer is being formed. For
example, light emitting regions may be set based on the
heights of the truncated hexagonal pyramid structures and a
difference in migration length between indium and gallium.
That is, the migration lengths of the component elements
may he adjusted based on the sizes and center-to-center
distances of the opening patterns. In detail, FIG. 10 illus-
trates an example of adjusting a migration length of an
element based on sizes and center-to-center distances of
opening patterns according to an example embodiment.
Referring to FIG. 10, an overlap of capture radiuses may
decrease as the center-to-center distances increase, which
may affect the migration length of the element when an
active layer is being formed. This may adjust an In-migra-
tion level of the active layer. Further, to form an effective
structure configured to emit light of a relatively long wave-
length, a super lattice layer may further be inserted.
[0132] In an operation of forming a p-type gallium nitride
semiconductor layer, the p-type gallium nitride semiconduc-
tor layer 140 may be formed on the 3D structure layer 130
after the active layer is formed. In this example, an electrode
may be formed to individually form an electrical connection
with each of at least three distinctive regions of the light
emitting structure layer.

[0133] The operation of forming the p-type gallium nitride
semiconductor layer may be performed using MOCVD,
MBE, or HVPE. The components and configuration of the
p-type gallium nitride semiconductor layer 140 may be as
described above.

[0134] The manufacturing method may further include an
operation of forming the n-type metal electrode layer 150 on
at least a portion of the n-type semiconductor substrate layer
120 and an operation of forming the p-type metal electrode
layer 160 on at least a portion of the p-type gallium nitride
semiconductor layer 140, and the process condition is not
particularly limited.

[0135] The deposition method and the growth method
suggested herein may use typical process conditions without
departing from the scope of the present invention and is not
particularly limited, and should also be clearly understand-
able by those skilled in the art from the above description.
[0136] According to example embodiments, it is possible
to provide a micro LED structure in various shapes to be
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applicable to a display, wherein the micro LED structure
may be partitioned into a plurality of distinctive regions so
as to operate individually and be controllable to emit light of
desired wavelengths.

[0137] The micro LED structure may emit light of various
wavelengths on a single substrate using 3D light emitting
structures, thereby implementing a high-quality color micro
display.

[0138] According to example embodiments, it is possible
to provide a micro LED structure implementing a color
display by forming red, green, and blue light emitting
structures on a single substrate and performing a series of
processes, without applying a transferring process.

[0139] According to example embodiments, it is possible
to simplify a process of manufacturing a micro LED and
significantly reduce a cost for the manufacturing process,
and thereby realize a commercialization of a micro LED
based color micro display.

[0140] A number of example embodiments have been
described above. Nevertheless, it should be understood that
various modifications may he made to these example
embodiments. For example, suitable results may be achieved
if the described techniques are performed in a different order
and/or if components in a described system, architecture,
device, or circuit are combined in a different manner and/or
replaced or supplemented by other components or their
equivalents. Accordingly, other implementations are within
the scope of the following claims.

What is claimed is:

1. A micro light emitting diode (LED) structure, compris-
ing:

n-type semiconductor substrate layer;

a light emitting structure layer formed on the n-type

semiconductor substrate layer; and

a p-type semiconductor layer formed on the light emitting

structure layer,
wherein the light emitting structure layer includes an
arrangement of light emitting structures in which active
layers including In and Ga are formed on tops thereof,

wherein the light emitting structure layer forms at least
three distinctive regions each including a single light
emitting structure or a plurality of light emitting struc-
tures, the distinctive regions configured to emit light of
at least two different wavelengths,

the distinctive regions are controllable to emit light indi-

vidually, and

the distinctive regions are different in at least one of sizes

of base faces, heights, and center-to-center distances of
the lighting emitting structures of the regions.

2. The micro LED structure of claim 1, wherein a light
emitting structure of a region configured to emit light of a
relatively long wavelength has a relatively great height.

3. The micro LED structure of claim 1, wherein light
emitting structures of a region configured to emit light of a
relatively long wavelength have a relatively great center-to-
center distance.

4. The micro LED of claim 1, wherein the distinctive
regions are different in In-migration levels in the active
layers,

wherein the distinctive regions form a first region, a

second region, and a third region, and the In-migration
levels in the active layers on the light emitting struc-
tures of the first region,
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the second region, and the third region are expressed as

the first region>the second region>the third region.

5. The micro LED structure of claim 1, wherein the
distinctive regions are different in In to Ga average concen-
tration ratios in the active layers, and

a region configured to emit light of a relatively long

wavelength has a relatively great In to Ga average
concentration ratio.

6. The micro LED structure of claim 1, wherein the
distinctive regions are individually connected to an elec-
trode.

7. The micro LED structure of claim 1, wherein a region
of a relatively long wavelength has a relatively great average
thickness of the active layers. is 8. The micro LED structure
of claim 1, wherein the light emitting structures of the
distinctive regions are different in at least one of heights,
shapes, and areas and are all grown concurrently through a
one-step process.

9. The micro LED structure of claim 1, wherein the
distinctive regions have center-to-center distances of the
light emitting structures in the range of 50 nanometers (nm)
to 100 micrometers (um).

10. The micro LED structure of claim 1, wherein the
distinctive regions have heights of the light emitting struc-
tures in the range of 50 nm to 50 pum.

11. The micro LED structure of claim 1, wherein the
distinctive regions form at least three regions having at least
two different wavelengths,

wherein the light emitting structures include at least one

of a cone; a polygonal pyramid; a cylinder; a polygonal
prism; a circular ring; a polygonal ring; a hemisphere;
a cone, a polygonal pyramid, a circular ring, and a
polygonal ring truncated to have flat tops; a cone, a
polygonal pyramid, and a polygonal prism including
cylindrical hollows; and a linear prism.

12. The micro LED structure of claim 1, wherein the
active layers further include at least one selected from the
group consisting of BAIGaN, GaAINP, GaAINAs, InAl-
GaN, GaAINSb, GaInNP, GalnNAs, and GalnNSb.

13. The micro LED structure of claim 1, wherein the
active layers further include super lattice layers.

14. A color micro light emitting diode (LED) display
comprising the micro LED structure of claim 1.
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15. A method for manufacturing a micro light emitting
diode (LED), the method comprising:

forming an n-type semiconductor layer on a bottom

substrate;

forming a mask layer on the n-type semiconductor layer;

patterning the mask layer to form at least three distinctive

regions each including a single opening pattern or a
plurality of opening patterns, the distinctive regions
being different in at least one of center-to-center dis-
tances and sizes of the opening patterns;

growing a light emitting structure layer including at least

three distinctive regions configured to emit light of at
least two different wavelengths from above the n-type
semiconductor layer opened on the opening patterns of
the mask layer of the distinctive regions;

forming an active layer including In and Ga on the grown

light emitting structure layer;

forming a p-type semiconductor layer on the light emit-

ting structure layer; and

forming an electrode configured to individually farm an

electrical connection with each of the at least three
distinctive regions of the light emitting structure layer.

16. The method of claim 15, wherein the opening patterns
include at least one of circular patterns, linear patterns, and
polygonal patterns,

wherein the opening patterns include a plurality of dis-

tinctive regions being different in at least one of shapes,
sizes, depths, and pattern intervals, and

the plurality of distinctive regions of the light emitting

structure layer are generated based on distinctive
regions of the opening patterns.

17. The method of claim 15, wherein the distinctive
regions have center-to-center distances of openings in the
opening patterns in the range of 50 nanometers (nm) to 100
micrometers (um).

18. The method of claim 15, wherein openings in the
opening patterns have diameters in the range of 50 nm to 50

19. The method of claim 15, wherein the growing of the
light emitting structure layer and the forming of the active
layer are each performed at a temperature ranging from 300°
C.10 1200° C. and at a pressure ranging from 50 Torr to 500
Torr.
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