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(57) ABSTRACT

Provided are a method for manufacturing a perovskite
nanocrystal particle light-emitter where an organic ligand is
substituted, a light-emitter manufactured thereby, and a light
emitting device using the same. A method for manufacturing
an organic-inorganic-hybrid perovskite nanocrystal particle
light-emitter where an organic ligand is substituted may
comprise the steps of: preparing a solution including an
organic-inorganic-hybrid perovskite nanocrystal particle
light-emitter, wherein the organic-inorganic-hybrid per-
ovskite nanocrystal particle light-emitter comprises an
organic-inorganic-hybrid perovskite nanocrystal structure
and a plurality of first organic ligands surrounding the
organic-inorganic-hybrid perovskite nanocrystal structure;
and adding, to the solution, a second organic ligand which
is shorter than the first organic ligands or includes a phenyl
group or a fluorine group, thereby substitutes the first
organic ligands with the second organic ligand. Thus, since
energy transfer or charge injection into the nanocrystal
structure increases through ligand substitution, it is possible
to further increase light emitting efficiency and increase
durability and stability by means of a hydrophobic ligand.
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METHOD FOR MANUFACTURING
PEROVSKITE PARTICLE LIGHT-EMITTER
WHERE ORGANIC LIGAND IS
SUBSTITUTED, PARTICLE LIGHT-EMITTER
MANUFACTURED THEREBY, AND LIGHT
EMITTING DEVICE USING SAME

TECHNICAL FIELD

[0001] The present invention relates to a light-emitter and
a light emitting device using the same, and more particularly,
to a method for manufacturing an organic-inorganic-hybrid
perovskite or an inorganic metal halide perovskite nanoc-
rystal particle light-emitter where an organic ligand is sub-
stituted, a nanocrystal particle light-emitter manufactured
thereby, and a light emitting device using the same.

BACKGROUND ART

[0002] The major trend of the display market is shifting
from the existing high-efficiency and high-resolution-ori-
ented display, to the emotional image-quality display aiming
at realizing a high color purity for demonstration of natural
colors. In this respect, organic light-emitter-based organic
light emitting diode (OLED) devices have remarkably
developed, inorganic quantum dot LEDs with the improved
color purity have been actively researched and developed as
alternatives. However, in the viewpoint of emitting materi-
als, both the organic light-emitters and the inorganic quan-
tum dot light-emitters have intrinsic limitations.

[0003] The existing organic light-emitters have an advan-
tage of high efficiency, but the existing organic light-emitters
have a wide spectrum and poor color purity. Although the
inorganic quantum dot light-emitters have been known to
have good color purity because the luminescence occurs by
quantum size effects, there is a problem that it is difficult to
uniformly control the sizes of the quantum dots as the color
approaches the blue color, and thereby the size distribution
deteriorates the color purity. Furthermore, because the inor-
ganic quantum dots have a very deep valence band, there is
a problem that it is difficult to inject holes because a hole
injection barrier from an organic hole injection layer or an
anode is too large. Also, the two light-emitter are disadvan-
tageously expensive. Thus, there is a need for new types of
hybrid organic-inorganic-hybrid light-emitters that compen-
sate for the disadvantages of the organic light-emitters and
inorganic quantum dot emitters and maintains their merits.
[0004] Since the organic-inorganic-hybrid light materials
have advantages of low manufacturing costs and simple
manufacturing and device manufacturing processes and also
have all advantages of organic emitting materials, which are
easy to control optical and electrical properties, and inor-
ganic emitting materials having high charge mobility and
mechanical and thermal stability, the organic-inorganic-
hybrid emitting materials are attracting attention academi-
cally and industrially.

[0005] Among them, since the organic-inorganic-hybrid
perovskite materials (hereafter, organic-inorganic-hybrid
perovskite) have high color purity (full width at half maxi-
mum (FWHM)=20 nm), simple color control, and low
synthesis costs, the organic-inorganic-hybrid perovskite
materials are very likely to be developed as the light-emitter.
Since the high color purity from these materials can be
realized because they have a layered structure in which a
two-dimensional (2D) plane made of the inorganic material
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is sandwiched between 2D planes made of the organic
material, and a large difference in dielectric constant
between the inorganic material and the organic material is
large (2,,40mc=2-%s €norgamc~06-1) s0 that the electron-hole
pairs (or excitons) are bound to the inorganic 2D layer.
[0006] A material having the conventional perovskite
structure (ABX,) is inorganic metal oxide.

[0007] In general, the inorganic metal oxides are oxides,
for example, materials in which metal (alkali metals, alkali
earth metals, lanthanides, etc) cations such as Ti, Sr, Ca, Cs,
Ba, Y, Gd, La, Fe, and Mn, which have sizes different from
each other, are located in A and B sites, oxygen anions are
located in an X site, and the metal cations in the B site are
bonded to the oxygen anions in the X site in the corner-
sharing octahedron form with the 6-fold coordination.
Examples of the inorganic metal oxides include SrFeO;,
LaMnO;, CaFeO;, and the like.

[0008] On the other hand, since the organic-inorganic-
hybrid perovskite has the ABX, in which organic ammo-
nium (RNH;) cations (or “A site cation” in perovskite
crystals) are located in the A site, and halides (Cl, Br, I) are
located in the X site to form the organic metal halide
perovskite material, the organic-inorganic-hybrid perovskite
are completely different from the inorganic metal oxide
perovskite material in composition.

[0009] In addition, the materials vary in characteristics
due to a difference in composition of the materials. The
inorganic metal oxide perovskite typically has characteris-
tics of superconductivity, ferroelectricity, colossal magne-
toresistance, and the like, and thus has been generally
conducted to be applied for sensors, fuel cells, memory
devices, and the like. For example, yttrium barium copper
oxides have superconducting or insulating properties
according to oxygen contents.

[0010] On the other hand, since the organic-inorganic-
hybrid perovskite (or inorganic metal halide perovskite) has
a structure in which the organic planes ((or “A site cation”
plane in the perovskite crystal structure)) and the inorganic
planes are alternately stacked and thus has a structure similar
to a lamellar structure so that the excitons are bound in the
inorganic plane, it may be an ideal light-emitter that gener-
ally emits light having very high purity by the crystal
structure itself rather than the quantum size effect of the
material.

[0011] If the organic-inorganic-hybrid perovskite has a
chromophore (mainly including a conjugated structure) in
which organic ammonium has a bandgap less than that of a
crystal structure composed of a central metal and a halogen
crystal structure (BX,), the luminescence occurs in the
organic ammonium. Thus, since light having high color
purity is not emitted, a full width at half maximum of the
luminescence spectrum becomes wider than 50 nm. There-
fore, the organic-inorganic-hybrid perovskite are unsuitable
for a light emitting layer. Thus, in this case, it is not very
suitable for the light-emitter having the high color purity,
which is highlighted in this patent. Therefore, in order to
produce the light-emitter having the high color purity, it is
important that the luminescence occurs in an inorganic
lattice composed of the central metal-halogen elements
without the organic ammonium which contain the chro-
mophore. That is, this patent focuses on the development of
the light-emitter having high color purity and high efficiency
in the inorganic lattice. For example, although an electrolu-
minescent device in which a dye-containing organic-inor-
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ganic-hybrid material is formed in the form of a thin film
rather than that of a particle and used as a light emitting
layer, the emission originated from the emitting-dye itself,
not the intrinsic crystal structure as disclosed in Korean
Patent Publication No. 10-2001-0015084 (Feb. 26, 2001),
light is not emitted from the perovskite lattice structure.
[0012] However, since the organic-inorganic-hybrid per-
ovskite has small exciton binding energy, there is a funda-
mental problem that the luminescence occurs at a low
temperature, but the excitons do not efficiently emit light at
room temperature due to thermal ionization and delocaliza-
tion of charge carriers and thus are separated into free charge
carriers and then annihilated. Also, there is a problem in that
the excitons are annihilated by the layer having high con-
ductivity in the vicinity of the exitons when the free charges
are recombined again to form excitons. Therefore, to
improve light emission efficiency and brightness of the
organic-inorganic-hybrid or metal halide perovskite-based
LED, it is necessary to prevent the exitons from being
quenched.

DISCLOSURE OF THE INVENTION

Technical Problem

[0013] To solve the abovementioned problems, the present
invention provides a nanocrystal particle light-emitter hav-
ing improved luminescent efficiency and durability (or sta-
bility) by synthesizing organic-inorganic-hybrid perovskite
or inorganic metal halide perovskite into nanocrystal made
of at least ternary compounds in unit crystal (=3 compo-
nents) (i.e. perovskite structure) instead of forming a poly-
crystal thin film in order to prevent thermal ionization,
delocalization of charge carriers, and quenching of excitons,
and a light emitting device using the same.

[0014] Furthermore, the present invention provides a
nanocrystal particle light-emitter in which an organic ligand
surrounding an organic-inorganic-hybrid perovskite or inor-
ganic metal halide perovskite nanocrystal structure is sub-
stituted with a ligand having a short length or a ligand
including a phenyl group or a fluorine group to more
improve light emitting efficiency and a light emitting device
using the same.

Technical Solution

[0015] To achieve the objectives, one aspect of the present
invention provides a method for manufacturing an organic-
inorganic-hybrid perovskite nanocrystal particle light-emit-
ter, in which an organic ligand is substituted. The method for
manufacturing the organic-inorganic-hybrid perovskite
nanocrystal particle light-emitter, in which the organic
ligand is substituted, includes steps of: preparing a solution
including the organic-inorganic-hybrid perovskite nanocrys-
tal particle light-emitters that have an organic-inorganic-
hybrid perovskite nanocrystal structure and a plurality of
first organic ligands surrounding a surface of the organic-
inorganic-hybrid or metal halide perovskite nanocrystal
structure; and adding a second organic ligand, which has a
length less than that of each of the first organic ligands or
includes a phenyl group or fluorine group, to the solution to
substitute the first organic ligand with the second organic
ligand.

[0016] Also, each of the first organic ligand and the second
organic ligand may include alkyl halide, and a halogen
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element of the second organic ligand may include an ele-
ment having affinity higher than that of a halogen element of
the first organic ligand with respect to a center metal of the
organic-inorganic-hybrid perovskite nanocrystal structure.
[0017] Also, the organic-inorganic-hybrid perovskite
nanocrystal particle may have a size of 1 nm to 900 nm.
[0018] Also, the organic-inorganic-hybrid perovskite
nanocrystal particle may have bandgap energy determined
by the crystal structure without depending on a particle size.
[0019] Also, the preparing of the solution including the
organic-inorganic-hybrid perovskite nanocrystal particle
light-emitter may include steps of: preparing a first solution
in which organic-inorganic-hybrid perovskite is dissolved in
a polar solvent and a second solution in which an alkyl
halide surfactant is dissolved in a non-polar solvent; and
mixing the first solution with the second solution to form the
organic-inorganic-hybrid perovskite nanocrystal particle
light-emitter.

[0020] Also, the organic-inorganic-hybrid perovskite may
include a structure of ABX;, A,BX,, ABX,, or
A, Pb X, , (wheren is an integer between 2 to 6), and the
A may be an organic ammonium or inorganic alkali metal
material, the B may be a metal material, and the X may be
a halogen element. Also, the A may be (CH;NH,),,, (C. H,,,
1),NH,), (CH;NH,),, (RNH,),, (C,H,,,NH,),, CF,NH,,
(CE,NHL),, (C,Fs..,),NH,), (CE,NH,),. (C,F,,,,),NH,)
5, (C,Fs,,NH,),. (CH(NH,),). C,H,,, (C(NH,),). Cs, Rb,
K, (where n is an integer equal to or greater than 1, and x is
an integer equal to or greater than 1), the B may be a divalent
transition metal, a rare earth metal, an alkali earth metal, Pb,
Sn, Ge, Ga, In, Al, Sb, Bi, Po, or a combination thereof, and
the X may be Cl, Br, I, or a combination thereof.

[0021] To achieve the objectives, another aspect of the
present invention provides an organic-inorganic-hybrid per-
ovskite nanocrystal particle light-emitter, in which an
organic ligand is substituted. The organic-inorganic-hybrid
perovskite nanocrystal particle light-emitter, in which the
organic ligand is substituted, may be manufactured by the
abovementioned method.

[0022] The organic-inorganic-hybrid perovskite nanocrys-
tal particle light-emitter, in which an organic ligand is
substituted, may be dispersible in an organic solvent.
[0023] The organic solvent may include a polar solvent
and a non-polar solvent, the polar solvent may include
dimethylformamide, gamma butyrolactone, N-methylpyr-
rolidone, dimethylsulfoxide or isopropyl alcohol, and the
non-polar solvent may include dichloroethylene, trichloreth-
ylene, chloroform, chlorobenzene, dichlorobenzene, sty-
rene, Xylene, toluene, or cyclohexene.

[0024] To achieve the objectives, another aspect of the
present invention provides a light emitting device. The light
emitting device includes: a first electrode; a second elec-
trode; and a light emitting layer disposed between the first
electrode and the second electrode and including the above-
mentioned organic-inorganic-hybrid perovskite nanocrystal
particle light-emitter, in which the organic ligand is substi-
tuted.

[0025] To achieve the objects, another aspect of the pres-
ent invention provides a method for manufacturing an
inorganic metal halide perovskite nanocrystal particle light-
emitter, in which an organic ligand is substituted. The
method for manufacturing an inorganic metal halide per-
ovskite nanocrystal particle light-emitter, in which the
organic ligand is substituted, includes steps of: preparing a
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solution including the inorganic metal halide perovskite
nanocrystal particle light-emitters that have an inorganic
metal halide perovskite nanocrystal structure and a plurality
of first organic ligands surrounding a surface of the inor-
ganic metal halide perovskite nanocrystal structure; and
adding a second organic ligand, which has a length less than
that of each of the first organic ligands or includes a phenyl
group or fluorine group, to the solution to substitute the first
organic ligand with the second organic ligand.

[0026] To achieve the objectives, another aspect of the
present invention provides a solar cell. The solar cell
includes: a first electrode; a second electrode; and a photo-
active layer disposed between the first electrode and the
second electrode and including the abovementioned
organic-inorganic-hybrid perovskite nanocrystal particle
light-emitter, in which the organic ligand is substituted.
[0027] Each of the first organic ligand and the second
organic ligand may include alkyl halide, and a halogen
element of the second organic ligand may include an ele-
ment having affinity higher than that of a halogen element of
the first organic ligand with respect to a center metal of the
organic-inorganic-hybrid perovskite nanocrystal structure.
[0028] The inorganic metal halide perovskite may include
a structure of ABX;, A,BX,, ABX,,or A Pb X, ., (where
n is an integer between 2 to 6), and the A may be an alkali
metal, the B may be a metal material, and the X may be a
halogen element.

[0029] Here, the A may be Na, K, Rb, Cs, or Fr, the B may
be a divalent transition metal, a rare earth metal, an alkali
earth metal, Pb, Sn, Ge, Ga, In, Al, Sb, Bi, Po, or a
combination thereof, and the X may be Cl, Br, I, or a
combination thereof.

Advantageous Effects

[0030] In the nanocrystal particle light-emitters that have
the organic-inorganic-hybrid perovskite (or the inorganic
metal halide perovskite) nanocrystal structure, the organic-
inorganic-hybrid perovskite having the crystal structure, in
which the FCC and the BCC are combined with each other,
may be formed in the nanocrystal particle light-emitter to
form a lamellar structure in which the organic plane (or “A
site cation” plane in the perovskite crystal structure) and the
inorganic plane are alternately stacked, and also, the exci-
tons may be confined in the inorganic plane to implement the
high color purity.

[0031] Also, the exciton diffusion length may be reduced,
and the exciton binding energy may increase in the nanoc-
rystal structure having a size of 900 nm or less to prevent the
excitons from being annihilated by thermal ionization and
the delocalization of the charge carriers, thereby improving
the luminescent efficiency at room temperature.

[0032] Furthermore, when compared to the organic-inor-
ganic-hybrid perovskite having the 3D structure such as the
ABX; structure, the organic-inorganic-hybrid perovskite
nanocrystal having the 2D structure such as the A,BX,,
ABX,, A, B, X,,,, structure may be synthesized to
increase the distance between the inorganic planes confined
in the excitons, resulting in increasing in the exciton binding
energy, thereby improving the luminescent efficiency and
the durability (or stability).

[0033] Also, the bandgap energy of the organic-inorganic-
hybrid perovskite nanocrystal particle may be determined by
the crystal structure without depending on the particle size.
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[0034] Also, the organic ligand surrounding the organic-
inorganic-hybrid perovskite or inorganic metal halide per-
ovskite nanocrystal structure may be substituted with the
ligand having the short length or the ligand including the
phenyl group or the fluorine group to more increase the
energy transfer or the charge injection in the nanocrystal
structure, thereby improving the luminescent efficiency and
the durability (or stability) by the hydrophobic ligands.
[0035] The effects of the present invention are not limited
to the aforementioned effects, but other objects not described
herein will be clearly understood by those skilled in the art
from descriptions below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] FIG. 1 is a schematic view of a perovskite nanoc-
rystal structure according to an embodiment of the present
invention.

[0037] FIG. 2 is a flowchart illustrating a method for
manufacturing the organic-inorganic-hybrid perovskite
nanocrystal particle light-emitter, in which an organic ligand
is substituted, according to an embodiment of the present
invention.

[0038] FIG. 3 is a flowchart illustrating a method for
manufacturing the organic-inorganic-hybrid perovskite
nanocrystal particle light-emitter according to an embodi-
ment of the present invention.

[0039] FIG. 4 is a schematic view illustrating a method for
manufacturing the organic-inorganic-hybrid perovskite
nanocrystal particle light-emitter according to an embodi-
ment of the present invention.

[0040] FIG. 5 is a schematic view of an organic-inorganic-
hybrid perovskite nanocrystal particle light-emitter and an
inorganic metal halide perovskite nanocrystal particle light-
emitter according to an embodiment of the present inven-
tion.

[0041] FIG. 6 is a schematic view illustrating a method for
manufacturing the organic-inorganic-hybrid perovskite
nanocrystal particle light-emitter, in which the organic
ligand is substituted, according to an embodiment of the
present invention.

[0042] FIG. 7 is a fluorescent image obtained by photo-
graphing emission light by irradiating ultraviolet rays onto a
light-emitter according to Manufacturing Example 1, Com-
parative Example 1, and Comparative Example 2.

[0043] FIG. 8 is a schematic view of a light-emitter
according to Manufacturing Example 1 and Comparative
Example 1.

[0044] FIG. 9 is an image obtained by photographing a
photoluminescence matrix of the light-emitter at room tem-
perature and a low temperature according to Manufacturing
Example 30 and Comparative Example 1.

[0045] FIG. 10 is a graph obtained by photographing
photoluminescence of the light-emitter according to Manu-
facturing Example 1 and Comparative Example 1.

[0046] FIG. 11 is a schematic view of the organic-inor-
ganic-hybrid perovskite nanocrystal particle light-emitter, in
which the organic ligand is substituted, according to an
embodiment of the present invention.

MODE FOR CARRYING OUT THE INVENTION

[0047] Hereinafter, embodiments of the present invention
will be described in detail with reference to the accompa-
nying drawings.
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[0048] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion covers the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

[0049] In the following description, it will be understood
that when an element such as a layer, a region, or substrate
is referred to as being ‘on’ another layer, region, or substrate,
it can be directly on the other layer, region, or substrate, or
intervening layers, regions, or substrates may also be pres-
ent.

[0050] Although the terms such as “first,” “second,” etc.,
are used to describe various element, components, regions,
layers, and/or portions, it is obvious that the elements,
components, regions, layers, and/or portions should not be
defined by these terms.

[0051] FIG. 1 is a schematic view of a perovskite nanoc-
rystal structure according to an embodiment of the present
invention.

[0052] FIG. 1 illustrates structures of an organic-inor-
ganic-hybrid perovskite nanocrystal and an inorganic metal
halide perovskite nanocrystal.

[0053] Referring to FIG. 1, the organic-inorganic-hybrid
perovskite nanocrystal has a structure with a center metal
centered in a face centered cubic (FCC), in which six
inorganic halide materials X are respectively located on all
surfaces of a hexahedron, and in a body centered cubic
(BCC), in which eight organic ammonium OA are respec-
tively located at all vertexes of a hexahedron. Here, Pb is
illustrated as an example of the center metal.

[0054] Also, the inorganic metal halide perovskite nanoc-
rystal has structure with a center metal centered in a face
centered cubic (FCC), in which six inorganic halide mate-
rials X are respectively located on all surfaces of a hexahe-
dron, and in a body centered cubic (BCC), in which eight
alkali metals are respectively located at all vertexes of a
hexahedron. Here, Pb is illustrated as an example of the
center metal.

[0055] Here, all sides of the hexahedron have an angle of
900 with respect to each other. The above-described struc-
ture may include a cubic structure having the same length in
horizontal, vertical, and height directions and a tetragonal
structure having different lengths in the horizontal, vertical,
and height directions.

[0056] Thus, a two-dimensional (2D) structure according
to the present invention may be the organic-inorganic-hybrid
perovskite nanocrystal structure with a center metal centered
in a face centered cubic, in which six inorganic halide
materials X are respectively located on all surfaces of a
hexahedron, and in a body centered cubic, in which eight
organic ammonium are respectively located at all vertexes of
a hexahedron and be defined as a structure of which a
horizontal length and a vertical length are the same, but a
height length is longer by 1.5 times or more than each of the
horizontal length and the vertical length.

[0057] A method for manufacturing the organic-inorganic-
hybrid perovskite nanocrystal particle light-emitter, in
which the organic ligand is substituted, according to an
embodiment of the present invention will be described.
[0058] FIG. 2 is a flowchart illustrating a method for
manufacturing the organic-inorganic-hybrid perovskite
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nanocrystal particle light-emitter, in which an organic ligand
is substituted, according to an embodiment of the present
invention.

[0059] Referring to FIG. 2, the method for manufacturing
the organic-inorganic-hybrid perovskite nanocrystal particle
light-emitter, in which an organic ligand is substituted,
includes a step (S100) of preparing a solution including an
organic-inorganic-hybrid perovskite nanocrystal light-emit-
ter and a step (S200) of substituting a first organic ligand of
the organic-inorganic-hybrid perovskite nanocrystal light-
emitter with a second organic ligand in the solution.
[0060] In more detail,

[0061] first, a solution including an organic-inorganic-
hybrid perovskite nanocrystal light-emitter is prepared
(S100). The organic-inorganic-hybrid perovskite nanocrys-
tal light-emitter may include a plurality of first organic
ligands surrounding an organic-inorganic-hybrid or metal
halide perovskite nanocrystal structure and the organic-
inorganic-hybrid perovskite nanocrystal structure.

[0062] The step of preparing the solution including the
organic-inorganic-hybrid perovskite nanocrystal light-emit-
ter may be a step of manufacturing and preparing the
organic-inorganic-hybrid perovskite nanocrystal light-emit-
ter. One manufacturing example will be described with
reference to FIGS. 3 to 5.

[0063] FIG. 3 is a flowchart illustrating a method for
manufacturing the organic-inorganic-hybrid perovskite
nanocrystal particle light-emitter according to an embodi-
ment of the present invention.

[0064] Referring to FIG. 3, the organic-inorganic-hybrid
perovskite nanocrystal particle light-emitter according to the
present invention may be manufactured through an inverse
nano-emulsion method, reprecipitation method, or hot injec-
tion method.

[0065] First, the first solution in which the organic-inor-
ganic-hybrid perovskite is dissolved in a polar solvent and
the second solution in which a surfactant is dissolved in a
non-polar solvent are prepared (S110).

[0066] Here, the polar (aprotic or protic) solvent may
include  dimethylformamide, gamma butyrolactone,
N-methylpyrrolidone, dimethylsulfoxide or isopropyl alco-
hol, but is not limited thereto.

[0067] Also, the organic-inorganic-hybrid perovskite may
be a material having a 2D crystalline structure, a 3D
crystalline structure or a combination thereof.

[0068] For example, the organic-inorganic-hybrid per-
ovskite having the 3D crystal structure may be an ABX;
structure. Also, the organic-inorganic-hybrid perovskite
having the 2D crystal structure may be a structure of ABX,
A,BX,, ABX,, or A, Pb,X;,., (where n is an integer
between 2 to 6).

[0069] Here, the A is an organic ammonium or inorganic
alkali metal material, the B is a metal material, and the X is
a halogen element.

[0070] For example, the A may be (CH;NH;),, ((C.H,,,
1),NH,), (CH;NH,),, (RNH,),, (C,H,,,,NH,),, CF,NH,,
(CE,NH),.. (C,Fs..,),NH,),(CE.NH). . (C,F,,,,),NH,)
2 (C,F2, NHy),, (CH(NH,),), CH,,, (C(NH,),). Cs, Rb,
K, (where n is an integer equal to or greater than 1, and x is
an integer equal to or greater than 1). Here, the B may be a
divalent transition metal, a rare earth metal, an alkali earth
metal, Pb, Sn, Ge, Ga, In, Al, Sb, Bi, Po, or a combination
thereof. Here, the rare earth metal may be, for example, Ge,



US 2020/0190402 A1

Sn, Pb, Eu, or Yb. Also, the alkali earth metal may be, for
example, Ca or Sr. Also, the X may be Cl, Br, I, or a
combination thereof.

[0071] The perovskite may be prepared by combining the
AX with BX, at a predetermined ratio. That is, the first
solution may be formed by dissolving the AX and BX,, in the
polar solvent at a predetermined ratio. For example, the AX
and BX, may be dissolved in the polar solvent at a ratio of
2:1 to prepare the first solution in which the A,BX; organic-
inorganic-hybrid perovskite is dissolved.

[0072] Also, it is preferable that the organic-inorganic-
hybrid perovskite uses a material having a 2D crystal
structure rather than a 2D crystal structure.

[0073] When the organic-inorganic-hybrid perovskite
having the 2D structure is formed to have the nanocrystal in
comparison that the organic-inorganic-hybrid perovskite
having the 3D structure is formed to have the nanocrystal,
the inorganic plane and the organic plane, which are stacked
on each other, may be clearly distinguished from each other
to more firmly confine the exciton in the inorganic plane
with respect to the organic plane and thereby to improve
luminescent efficiency and durability (or stability), thereby
implementing higher color purity.

[0074] Also, the non-polar solvent may include dichloro-
ethylene, trichlorethylene, chloroform, chlorobenzene,
dichlorobenzene, styrene, xylene, toluene, or cyclohexene,
but is not limited thereto.

[0075] Also, the alkyl halide surfactant may have a struc-
ture of alkyl-X. Here, the halogen element corresponding to
the X may include Cl, Br, or 1. Also, the alkyl structure may
include acyclic alkyl having a structure of C H,, , |, primary
alcohol having a structure such as C, H,,,OH, secondary
alcohol, tertiary alcohol, alkylamine having a structure of
alkyl-N  (e.g., hexadecyl amine, 9-Octadecenylamine
1-Amino-9-octadecene (C,,H;,N)), p-substituted aniline,
phenyl ammonium, or fluorine ammonium, but is not limited
thereto.

[0076] A carboxylic acid (COOH) and amines (NH;)
surfactant may be used instead of the alkyl halide surfactant.
[0077] For example, the surfactant may include a carbox-
ylic acid such as a 4,4'-Azobis(4-cyanovaleric acid), an
acetic acid, a S-aminosalicylic acid, an acrylic acid, an
L-aspentic acid, a 6-bromohexanoic acid, a bromoacetic
acid, a dichloro acetic acid, an ethylenediaminetetraacetic
acid, an isobutyric acid, an itaconic acid, a maleic acid, an
r-maleimidobutyric acid, an L-malic acid, a 4-Nitrobenzoic
acid, a 1-pyrenecarboxylic acid, or an oleic acid, but is not
limited thereto.

[0078] Next, the first solution may be mixed with the
second solution to form the nanocrystal particle. (5S200).
[0079] In the step of mixing the first solution with the
second solution to form the nanocrystal particle, it is pref-
erable to mix the first solution by dropping into the second
solution in drops. Also, the second solution may be stirred.
For example, the second solution in which the organic-
inorganic-hybrid perovskite (OIP) is dissolved may be
slowly added dropwise into the second solution in which the
alkyl halide surfactant that is being strongly stirred is
dissolved to synthesize the nanocrystal particle.

[0080] In this case, when the first solution drops to be
mixed with the second solution, the organic-inorganic-hy-
brid perovskite (OIP) is precipitated from the second solu-
tion due to a difference in solubility. Also, a surface of the
organic-inorganic-hybrid perovskite (OIP) precipitated from

Jun. 18, 2020

the second solution is surrounded by the alkyl halide sur-
factant and thus stabilized to generate an organic-inorganic-
hybrid perovskite nanocrystal (OIP-NC) that is well dis-
persed. Thus, the organic-inorganic-hybrid perovskite
nanocrystal particle light-emitter including the organic-in-
organic-hybrid perovskite nanocrystal structure and the plu-
rality of alkyl halide organic ligands or inorganic binary
compounds or combination thereof surrounding the organic-
inorganic-hybrid perovskite nanocrystal structure may be
manufactured.

[0081] The organic-inorganic-hybrid perovskite nanocrys-
tal particle may have a size that is controllable by adjusting
a length or a shape factor of the alkyl halide surfactant. For
example, the adjustment of the shape factor may be con-
trolled through the surfactant having a linear, tapered, or
inverted triangular shape.

[0082] It is preferable that the generated organic-inor-
ganic-hybrid perovskite nanocrystal particle has a size of 1
nm to 900 nm. Here, the size of the nanocrystal particle
represents a size without considering a size of the ligand that
will be described later, i.e., a size of a remaining portion
except for the ligand.

[0083] If the organic-inorganic-hybrid perovskite nanoc-
rystal particle has a size exceeding 900 nm, it is a funda-
mental problem in which the large non-radiative decay of the
excitons can occur at room temperature by thermal ioniza-
tion and the delocalization of the charge carrier, and a large
number of excitons are separated as free charge carriers and
then annihilated.

[0084] FIG. 4 is a schematic view illustrating a method for
manufacturing the organic-inorganic-hybrid perovskite
nanocrystal particle light-emitter having the 2D structure
according to an embodiment of the present invention.
[0085] Referring to FIG. 4(a), the first solution in which
the organic-inorganic-hybrid perovskite is dissolved in the
polar solvent is added dropwise into the second solution in
which the alkyl halide surfactant is dissolved in the non-
polar solvent.

[0086] Referring to FIG. 4(b), when the first solution is
added to the second solution, the organic-inorganic-hybrid
perovskite is precipitated from the second solution due to a
difference in solubility. A surface of the precipitated organic-
inorganic-hybrid perovskite is surrounded by the alkyl
halide surfactant and thus stabilized to generate an organic-
inorganic-hybrid perovskite nanocrystal particle light-emit-
ter 100 that is well dispersed. Here, the surface of the
organic-inorganic-hybrid perovskite nanocrystal structure is
surrounded by the organic ligands that include alkyl halide,
inorganic binary compounds or combination thereof.
[0087] Thereafter, the polar solvent including the organic-
inorganic-hybrid perovskite nanocrystal particle that is dis-
persed in the non-polar solvent, in which the alkyl halide
surfactant is dissolved, may be heated and thus selectively
evaporated, or a co-solvent, in which all the polar and
non-polar solvents are capable of being dissolved, may be
added to selectively extract the polar solvent including the
nanocrystal particle from the non-polar solvent, thereby
obtaining the organic-inorganic-hybrid perovskite nanocrys-
tal particle light-emitter.

[0088] The organic-inorganic-hybrid perovskite nanocrys-
tal particle light-emitter having the 2D structure according to
an embodiment of the present invention will be described.
[0089] The organic-inorganic-hybrid perovskite nanocrys-
tal particle light-emitter according to an embodiment of the
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present invention may include an organic-inorganic-hybrid
perovskite nanocrystal structure that has the 2D structure
and is dispersible in an organic solvent. Here, the organic
solvent may be the polar solvent or the non-polar solvent.
For example, the polar solvent may include dimethylforma-
mide, gamma butyrolactone, N-methylpyrrolidone, dimeth-
ylsulfoxide or isopropyl alcohol, and the non-polar solvent
may include dichloroethylene, trichlorethylene, chloroform,
chlorobenzene, dichlorobenzene, styrene, dimethylforma-
mide, dimethylsulfoxide, xylene, toluene, cyclohexene.
[0090] Also, the nanocrystal particle may have a spherical,
cylindrical, cylindroid, polyprism or two-dimensional (la-
mellar, plate) shape.

[0091] Also, the nanocrystal particle may have a size of 1
nm to 900 nm. Here, the size of the nanocrystal particle
represents a size without considering a size of the ligand that
will be described later, i.e., a size of a remaining portion
except for the ligand. For example, when the nanocrystal
particle has the spherical shape, the nanocrystal particle may
have a diameter of 1 nm to 900 nm.

[0092] Also, the nanocrystal particle may have bandgap
energy of 1 eV to 5 eV. Thus, since the energy bandgap is
determined according to the composition and the crystal
structure of the nanocrystal particle, the composition of the
nanocrystal particle may be adjusted to emit light having a
wavelength of, for example, 200 nm to 1300 nm.

[0093] Also, the plurality of organic ligands surrounding
the organic-inorganic-hybrid perovskite nanocrystal struc-
ture may be further provided.

[0094] Hereinafter, embodiments of the present invention
will be described with reference to FIG. 5.

[0095] FIG. 5 is a schematic view of an organic-inorganic-
hybrid perovskite nanocrystal particle light-emitter and an
inorganic metal halide perovskite nanocrystal particle light-
emitter according to an embodiment of the present inven-
tion.

[0096] Here, FIG. 5 illustrates the organic-inorganic-hy-
brid perovskite nanocrystal particle light-emitter. If the
organic-inorganic-hybrid perovskite of FIG. 5 is changed
into the inorganic metal halide perovskite, since the inor-
ganic metal halide perovskite nanocrystal particle light-
emitter is provided, their descriptions are the same.

[0097] Referring to FIG. 5, the light-emitter according to
an embodiment of the present invention may be the organic-
inorganic-hybrid perovskite nanocrystal particle light-emit-
ter or the inorganic metal halide perovskite nanocrystal
particle light-emitter and includes an organic-inorganic-
hybrid perovskite nanocrystal structure or inorganic metal
halide perovskite nanocrystal structure 110 that is dispers-
ible in the organic solvent.

[0098] Also, the organic-inorganic-hybrid perovskite hav-
ing the 2D crystal structure may be a structure of A,BX,,
ABX,,orA, Pb X, ., (where, nis an integer between 2 to
6).

[0099] Here, the A is an organic ammonium or inorganic
alkali metal material, the B is a metal material, and the X is
a halogen element. For example, the A may be (CH;NH,),,
(CH,,,,),NH;), (CH;NH;),, (RNH,),, (C,H,,,,NH;),,
CF,NH;,  (CFsNH,),,  ((C,Fs.,,),NH,),(CE;NH,),,
(CF 1), NHy),, (G, \NH;),, (CH(NH,),), C.H,,,,(C
(NH,),), Cs, Rb, K, (where n is an integer equal to or greater
than 1, and x is an integer equal to or greater than 1). Here,
the B may be a divalent transition metal, a rare earth metal,
an alkali earth metal, Pb, Sn, Ge, Ga, In, Al, Sb, Bi, Po, or
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a combination thereof. Here, the rare earth metal may be, for
example, Ge, Sn, Pb, Eu, or Yb. Also, the alkali earth metal
may be, for example, Ca or Sr. Also, the X may be Cl, Br,
I, or a combination thereof.

[0100] The organic-inorganic-hybrid perovskite nanocrys-
tal particle light-emitter 100 having the 2D structure accord-
ing to the present invention may further include a plurality
of organic ligands 120 or combination thereof surrounding
the above-described organic-inorganic-hybrid or metal
halide perovskite nanocrystal structure 110. Each of the
organic ligands 120 may include alkyl halide.

[0101] Also, the alkyl halide surfactant may have a struc-
ture of alkyl-X. Here, the halogen element corresponding to
the X may include Cl, Br, or 1. Also, the alkyl structure may
include acyclic alkyl having a structure of C,H,,,, ,, primary
alcohol having a structure such as CH,,,,OH, secondary
alcohol, tertiary alcohol, alkylamine having a structure of
alkyl-N (e.g., hexadecyl amine, 9-Octadecenylamine
1-Amino-9-octadecene (C, H;,N)), p-substituted aniline,
phenyl ammonium, or fluorine ammonium, but is not limited
thereto.

[0102] Also, the inorganic metal halide perovskite having
the 2D crystal structure may be a structure of A,BX,, ABX,,
or A, Pb, X, (where, n is an integer between 2 to 6).
[0103] The A may be an alkali metal, the B may be a
divalent transition metal, a rare earth metal, an alkali earth
metal, Pb, Sn, Ge, Ga, In, Al, Sb, Bi, Po, or a combination
thereof, and the X may be Cl, Br, I, or a combination thereof.
Here, the rare earth metal may be, for example, Ge, Sn, Pb,
Eu, or Yb. Also, the alkali earth metal may be, for example,
Ca or Sr.

[0104] The inorganic metal halide perovskite nanocrystal
particle light-emitter having the 2D structure according to
the present invention may further include a plurality of
organic ligands surrounding the above-described inorganic
metal halide perovskite nanocrystal structure. Each of the
organic ligands may include alkyl halide.

[0105] Referring again to FIG. 2, a first organic ligand of
the organic-inorganic-hybrid perovskite nanocrystal particle
light-emitter is substituted with a second organic ligand in
the solution (S200).

[0106] Here, the second organic ligand having a length
less than that of the first organic ligand or including a phenyl
group or a fluorine group may be added to the solution to
substitute the first organic ligand with the second organic
ligand. Here, heat may be applied to perform substitution
reaction.

[0107] Each of the second organic ligands may include
alkyl halide. Also, the second organic ligand may have a
structure of alkyl-X'. Here, the halogen element correspond-
ing to the X' may include Cl, Br, or 1. Also, the alkyl
structure may include acyclic alkyl having a structure of
C,H,,.,, primary alcohol having a structure such as C, H,,
10OH, secondary alcohol, tertiary alcohol, alkylamine having
a structure of alkyl-N (e.g., hexadecyl amine, 9-Octadece-
nylamine 1-Amino-9-octadecene (C,,H;,N)), p-substituted
aniline, phenyl ammonium, or fluorine ammonium, but is
not limited thereto.

[0108] Also, the second organic ligand may include alkyl
halide, and the halogen element of the second organic ligand
may be an element having a higher affinity for a center metal
of the organic-inorganic-hybrid perovskite nanocrystal
structure than that of the halogen element of the first organic
ligand.
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[0109] For example, when the first organic ligand is CH,
(CH,),,NH;Br, CH; (CH,)sNH,]I as an alkali halide surfac-
tant having a short length and including the halogen element
that has a higher affinity for a center metal of the organic-
inorganic-hybrid perovskite nanocrystal structure than that
of the halogen element of the first organic ligand may be
added and then heated to perform the organic ligand sub-
stitution. Thus, CH;(CH,)sNH;I may become the second
organic ligand surrounding the nanocrystal structure, and
thus, the organic ligand of the nanocrystal particle light-
emitter may be reduced in length.

[0110] As described above, in the organic-inorganic-hy-
brid perovskite nanocrystal particle light-emitter according
to the present invention, the alkyl halide (the first organic
ligand) used as the surfactant for stabilizing the surface of
the precipitated organic-inorganic-hybrid perovskite may
surround the surface of the organic-inorganic-hybrid per-
ovskite to form the nanocrystal structure.

[0111] If the alkyl halide surfactant has a short length, the
formed nanocrystal particle may increase in size to exceed
900 nm. In this case, the light emission of the exciton may
not occur by thermal ionization and the delocalization of the
charge carriers in the large nanocrystal particle, and the
exciton may be separated as the free charge carriers and then
annihilated.

[0112] That is, the size of the formed organic-inorganic-
hybrid perovskite nanocrystal particle is inversely propor-
tional to the length of the alkyl halide surfactant used for
forming the nanocrystal particle.

[0113] Thus, the size of the organic-inorganic-hybrid per-
ovskite nanocrystal particle formed by using the alkyl halide
having a predetermined length or more as the surfactant may
be controlled to a predetermined size or less. For example,
octadecyl-ammonium bromide may be used as the alkyl
halide surfactant to form the organic-inorganic-hybrid per-
ovskite nanocrystal particle having a size of a 900 nm or
less.

[0114] Thus, the alkyl halide (the first organic ligand)
having a predetermined length or more may be used to form
the nanocrystal particle having a predetermined size or
more, and then, the first organic ligand may be substituted
with the ligand having the short length or including the
phenyl group or the fluorine group to more increase the
energy transfer or the charge injection in the nanocrystal
structure, thereby more improving the luminescent effi-
ciency. Furthermore, durability (or stability) may also be
improved by the substituted hydrophobic ligand.

[0115] The substitution step (S200) will be described in
more detail with reference to FIG. 6.

[0116] FIG. 6 is a schematic view illustrating a method for
manufacturing the organic-inorganic-hybrid perovskite
nanocrystal particle light-emitter, in which the organic
ligand is substituted, according to an embodiment of the
present invention.

[0117] Referring to FIG. 6(a), the organic-inorganic-hy-
brid perovskite nanocrystal particle light-emitter 100 includ-
ing the organic-inorganic-hybrid perovskite nanocrystal
structure 110 and the first organic ligand 120 surrounding the
nanocrystal structure 110 is prepared. The nanocrystal par-
ticle light-emitter 100 may be prepared in state (a liquid
state) that is contained in a solution. As illustrated in the
drawings, Pb may be described as an example of the center
metal of the organic-inorganic-hybrid perovskite nanocrys-
tal structure 110.
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[0118] Next, the second organic ligand 130 is added to the
solution containing the nanocrystal particle light-emitter
100.

[0119] Referring to FIG. 6(b), since the second organic
ligand 130 is added, the first organic ligand 120 is substi-
tuted with the second organic ligand 130. The organic ligand
substitution may be performed by using an intensity differ-
ence in affinity between the center metal of the organic-
inorganic-hybrid perovskite nanocrystal structure 110 and
the halogen element. For example, the affinity with the
center metal may increase in order of Cl<Br<I.

[0120] Thus, when the halogen element X of the first
organic ligand 120 is Cl, the ligand substitution may be
performed by using Br or I as the halogen element X' of the
second organic ligand 130.

[0121] Thus, the first organic ligand 120 may be substi-
tuted with the second organic ligand 130 having the short
length and including the fluorine group to form an organic-
inorganic-hybrid perovskite nanocrystal particle light-emit-
ter 100" which has improved luminescent efficiency and in
which the organic ligand is substituted.

[0122] A method for manufacturing the inorganic metal
halide perovskite nanocrystal particle light-emitter, in which
the organic ligand is substituted, according to an embodi-
ment of the present invention will be described.

[0123] The method for manufacturing the inorganic metal
halide perovskite nanocrystal particle light-emitter, in which
the organic ligand is substituted may include a step of
preparing a solution including an inorganic metal halide
perovskite nanocrystal particle light-emitter including an
inorganic metal halide perovskite nanocrystal structure and
a plurality of first organic ligands surrounding a surface of
the inorganic metal halide perovskite nanocrystal structure
and a step of adding a second organic ligand having a short
length or including a phenyl group or a fluorine group to
substitute the first organic ligand with the second organic
ligand.

[0124] Each of the first organic ligand and the second
organic ligand may include alkyl halide, and the halogen
element of the second organic ligand may be an element
having affinity higher than that of the halogen element of the
first organic ligand with respect to a center metal of the
organic-inorganic-hybrid perovskite nanocrystal structure.
[0125] The inorganic metal halide perovskite material
may include a structure of ABX,;, A,BX,, ABX,, or
A, Pb X, (nis an integer between 2 to 6), where the A
may be an alkali metal, the B may be a metal material, and
the X may be a halogen element.

[0126] Here, the A may be Na, K, Rb, Cs, or Fr, the B may
be a divalent transition metal, a rare earth metal, an alkali
earth metal, Pb, Sn, Ge, Ga, In, Al, Sb, Bi, Po, or a
combination thereof, and the X may be Cl, Br, [, or a
combination thereof.

[0127] Here, the substitution methods may be the same
except that, in the “inorganic metal halide” perovskite
nanocrystal particle, an A side material is an alkali metal,
and in the “organic-inorganic-hybrid” perovskite nanocrys-
tal particle, an A site material is an organic ammonium
material. Thus, the method for substituting the organic
ligand of the inorganic metal halide perovskite nanocrystal
particle is the same as that for manufacturing the organic-
inorganic-hybrid perovskite nanocrystal particle light-emit-
ter in which the organic ligand is substituted, and thus, its
detailed description will be omitted.
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[0128] A light emitting device according to an embodi-
ment of the present invention will be described.

[0129] A light emitting device according to an embodi-
ment of the present invention may be a device using a light
emitting layer including an organic-inorganic-hybrid per-
ovskite nanocrystal light-emitter in which an organic ligand
is substituted or an inorganic metal halide perovskite nanoc-
rystal particle light-emitter in which an organic ligand is
substituted. Here, the organic-inorganic-hybrid perovskite
nanocrystal light-emitter in which the organic ligand is
substituted or the inorganic metal halide perovskite nanoc-
rystal particle light-emitter in which the organic ligand is
substituted may be manufactured through the above-de-
scribed manufacturing methods.

[0130] For example, the light emitting device according to
the present invention may include a first electrode, a second
electrode, and a light emitting layer disposed between the
first electrode and the second electrode and including the
organic-inorganic-hybrid perovskite nanocrystal light-emit-
ter in which the organic ligand is substituted or the inorganic
metal halide perovskite nanocrystal particle light-emitter in
which the organic ligand is substituted.

[0131] For another example, the organic-inorganic-hybrid
perovskite nanocrystal particle in which the organic ligand
is substituted or the inorganic metal halide perovskite nanoc-
rystal particle in which the organic ligand is substituted may
be applied to a solar cell by using a photoactive layer
including the above-described organic-inorganic-hybrid per-
ovskite nanocrystal particle and the inorganic metal halide
perovskite nanocrystal particle. The solar cell may include a
first electrode, a second electrode, and a photoactive layer
disposed between the first electrode and the second electrode
and including the above-described perovskite nanocrystal
particle.

Manufacturing Example 1

[0132] An organic-inorganic-hybrid perovskite nanocrys-
tal colloidal particle light-emitter having a 3D structure
according to an embodiment of the present invention was
formed. The inorganic metal halide perovskite nanocrystal
colloidal particle light-emitter was formed through an
inverse nano-emulsion method, or reprecipitation method,
or hot injection method.

[0133] Particularly, organic-inorganic-hybrid perovskite
was dissolved in a polar solvent to prepare a first solution.
Here, dimethylformamide was used as the polar solvent, and
CH;NH;PbBr; was used as the organic-inorganic-hybrid
perovskite. Here, the used CH,NH,PbBr; was prepared by
mixing CH;NH,Br with PbBr, at a ratio of 1:1.

[0134] Also, a second solution in which an alkyl halide
surfactant is dissolved in a non-polar solvent was prepared.
Here, toluene was used as the non-polar solvent, and octa-
decylammonium bromide (CH; (CH,),,NH;Br) was used as
the alkyl halide surfactant.

[0135] Then, the first solution slowly dropped drop wise
into the second solution that is being strongly stirred to form
the organic-inorganic-hybrid perovskite nanocrystal colloi-
dal particle light-emitter having the 3D structure.

[0136] Then, the organic-inorganic-hybrid perovskite col-
loidal nanocrystal particle that is in a liquid state was
spin-coated on a glass substrate to form an organic-inor-
ganic-hybrid perovskite nanocrystal particle thin film (OIP-
NP film).
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[0137] Here, the formed organic-inorganic-hybrid per-
ovskite nanocrystal particle has a size of about 20 nm.

Manufacturing Example 2

[0138] The same process as that according to Manufac-
turing Example 1 was performed, and CH;(CH,),;NH;Br
was used as an alkyl halide surfactant to form an organic-
inorganic-hybrid perovskite nanocrystal colloidal particle
light-emitter having a 3D structure according to an embodi-
ment of the present invention.

[0139] Here, the formed organic-inorganic-hybrid per-
ovskite nanocrystal particle has a size of about 100 nm.

Manufacturing Example 3

[0140] The same process as that according to Manufac-
turing Example 1 was performed, and CH;(CH,),,NH,Br
was used as an alkyl halide surfactant to form an organic-
inorganic-hybrid perovskite nanocrystal particle light-emit-
ter having a 3D structure according to an embodiment of the
present invention.

[0141] Here, the formed organic-inorganic-hybrid per-
ovskite nanocrystal particle has a size of about 300 nm.

Manufacturing Example 4

[0142] The same process as that according to Manufac-
turing Example 1 was performed, and CH;(CH,),NH;Br
was used as an alkyl halide surfactant to form an organic-
inorganic-hybrid perovskite nanocrystal particle light-emit-
ter having a 3D structure according to an embodiment of the
present invention.

[0143] Here, the formed organic-inorganic-hybrid per-
ovskite nanocrystal particle has a size of about 500 nm.

Manufacturing Example 5

[0144] The same process as that according to Manufac-
turing Example 1 was performed, and CH;(CH,),NH,Br
was used as an alkyl halide surfactant to form an organic-
inorganic-hybrid perovskite nanocrystal particle light-emit-
ter having a 3D structure according to an embodiment of the
present invention.

[0145] Here, the formed organic-inorganic-hybrid per-
ovskite nanocrystal particle has a size of about 700 nm.

Manufacturing Example 6

[0146] The same process as that according to Manufac-
turing Example 1 was performed, and CH;CH,NH;Br was
used as an alkyl halide surfactant to form an organic-
inorganic-hybrid perovskite nanocrystal particle light-emit-
ter having a 3D structure according to an embodiment of the
present invention.

[0147] Here, the formed organic-inorganic-hybrid per-
ovskite nanocrystal particle has a size of about 800 nm.

Manufacturing Example 7

[0148] The same process as that according to Manufac-
turing Example 1 was performed, and CH;NH;Br was used
as an alkyl halide surfactant to form an organic-inorganic-
hybrid perovskite nanocrystal particle light-emitter having a
3D structure according to an embodiment of the present
invention.

[0149] Here, the formed organic-inorganic-hybrid per-
ovskite nanocrystal particle has a size of about 900 nm.
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Manufacturing Example 8

[0150] An organic-inorganic-hybrid perovskite nanocrys-
tal particle light-emitter having a 3D structure according to
an embodiment of the present invention was formed. The
inorganic metal halide perovskite nanocrystal particle light-
emitter was formed through an inverse nano-emulsion
method, or reprecipitation method, or hot injection method.
[0151] Particularly, organic-inorganic-hybrid perovskite
was dissolved in a polar solvent to prepare a first solution.
Here, dimethylformamide was used as the polar solvent, and
(CH;NH;),PbBr; was used as the organic-inorganic-hybrid
perovskite. Here, the used CH;NH;PbBr; was prepared by
mixing CH;NH,Br with PbBr, at a ratio of 1:1.

[0152] Also, a second solution in which an alkyl halide
surfactant is dissolved in a non-polar solvent was prepared.
Here, toluene was used as the non-polar solvent, and octa-
decylammonium bromide (CH,(CH,),,NH;Br) was used as
the alkyl halide surfactant.

[0153] Then, the first solution slowly dropped drop wise
into the second solution that is being strongly stirred to form
an organic-inorganic-hybrid perovskite nanocrystal particle
light-emitter having a 2D structure. Here, the formed
organic-inorganic-hybrid perovskite nanocrystal particle has
a size of about 20 nm.

[0154] Then, CH,(CH,) NH,I as an alkyl halide surfac-
tant may be added to the second solution and heated to
perform the organic ligand substitution. Thus, CH;(CH,)
sNH;I may become the second organic ligand surrounding
the nanocrystal structure. Thus, the organic-inorganic-hy-
brid perovskite nanocrystal particle light-emitter, in which
the organic ligand is substituted, including the organic-
inorganic-hybrid perovskite nanocrystal structure having a
size of about 20 nm and the CH,(CH,)sNH,I organic ligand
surrounding the nanocrystal structure was manufactured.

Manufacturing Example 9

[0155] The same process as that according to Manufac-
turing Example 1 was performed, and (CH,NH;),PbCl, was
used as the organic-inorganic-hybrid perovskite. Here, the
used (CH;NH;),PbCl, was prepared by mixing CH,NH,C,
with PbCl, at a ratio of 2:1.

[0156] Here, the formed organic-inorganic-hybrid per-
ovskite nanocrystalline particle emits light near to ultraviolet
or blue color. The light emission spectrum is located at about
380 nm.

Manufacturing Example 10

[0157] The same process as that according to Manufac-
turing Example 1 was performed, and (CH;NH;),Pbl, was
used as the organic-inorganic-hybrid perovskite. Here, the
used (CH;NH;),Pbl, was prepared by mixing CH;NH,I
with Pbl, at a ratio of 2:1.

[0158] Here, the formed organic-inorganic-hybrid per-
ovskite nanocrystalline particle emits light near to infrared
or red color. The light emission spectrum is located at about
780 nm.

Manufacturing Example 11

[0159] The same process as that according to Manufac-
turing Example 1 was performed, and (CH;NH;),Pb-
ClLBr,, was used as the organic-inorganic-hybrid per-
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ovskite. Here, the used (CH;NH,),PbCl,Br, . was prepared
by mixing CH;NH,C, with PbBr, at a ratio of 2:1.

[0160] Here, the light emission spectrum of the formed
organic-inorganic-hybrid perovskite nanocrystalline particle
is located between 380 nm and 520 nm.

Manufacturing Example 12

[0161] The same process as that according to Manufac-
turing Example 1 was performed, and (CH;NH;),Pbl, Br,
was used as the organic-inorganic-hybrid perovskite. Here,
the used (CH;NH,),Pbl Br, . was prepared by mixing
CH;NH,I with PbBr, at a predetermined ratio.

[0162] Here, the light emission spectrum of the formed
organic-inorganic-hybrid perovskite nanocrystalline particle
is located between 520 nm and 780 nm.

Manufacturing Example 13

[0163] The same process as that according to Manufac-
turing Example 1 was performed, and (CH(NH,),),Pbl, was
used as the organic-inorganic-hybrid perovskite. Here, the
used (CH(NH,),),Pbl, was prepared by mixing CH(NH,),]I
with Pbl, at a ratio of 2:1.

[0164] Here, the light emission spectrum of the formed
organic-inorganic-hybrid perovskite nanocrystalline particle
emits infrared light and is located at about 800 nm.

Manufacturing Example 14

[0165] The same process as that according to Manufac-
turing Example 1 was performed, and (CH,;NH;),Pb. Sn, 1,
was used as the organic-inorganic-hybrid perovskite. Here,
the used (CH;NH,),PbxSn, I, was prepared by mixing
CH;NH,I with PbxSn, I, at a ratio of 2:1.

[0166] Here, the light emission spectrum of the formed
organic-inorganic-hybrid perovskite nanocrystalline particle
is located between 820 nm and 1120 nm.

Manufacturing Example 15

[0167] The same process as that according to Manufac-
turing Example 1 was performed, and (CH;NH;),Pb.Sn,_
xBr, was used as the organic-inorganic-hybrid perovskite.
Here, the used (CH;NH;),Pb,Sn, Br, was prepared by
mixing CH;NH;Br with Pb,Sn, Br, at a ratio of 2:1.
[0168] Here, the light emission spectrum of the formed
organic-inorganic-hybrid perovskite nanocrystalline particle
is located between 540 nm and 650 nm.

Manufacturing Example 16

[0169] The same process as that according to Manufac-
turing Example 1 was performed, and (CH;NH;),Pb . Sn,
xCl, was used as the organic-inorganic-hybrid perovskite.
Here, the used (CH;NH;),Pb Sn, Cl, was prepared by
mixing CH;NH,C, with Pb_Sn, Cl, at a ratio of 2:1.
[0170] Here, the light emission spectrum of the formed
organic-inorganic-hybrid perovskite nanocrystalline particle
is located between 400 nm and 460 nm.

Manufacturing Example 17

[0171] The same process as that according to Manufac-
turing Example 1 was performed, and (C,H,NH;)PbBr, was
used as the organic-inorganic-hybrid perovskite. Here, the
used (C,H;NH;)PbBr, was prepared by mixing (C,H,NH;)
Br with PbBr, at a ratio of 2:1.
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[0172] Here, the light emission spectrum of the formed
organic-inorganic-hybrid perovskite nanocrystalline particle
is located at about 411 nm.

Manufacturing Example 18

[0173] The same process as that according to Manufac-
turing Example 1 was performed, and (CsH,,NH;)PbBr,
was used as the organic-inorganic-hybrid perovskite. Here,
the used (CsH,;;NH;)PbBr, was prepared by mixing
(CsH,;;NH;)Br with PbBr, at a ratio of 2:1.

[0174] Here, the light emission spectrum of the formed
organic-inorganic-hybrid perovskite nanocrystalline particle
is located at about 405 nm.

Manufacturing Example 19

[0175] The same process as that according to Manufac-
turing Example 1 was performed, and (C,H,;NH;)PbBr,
was used as the organic-inorganic-hybrid perovskite. Here,
the used (C.H,;NH,)PbBr, was prepared by mixing
(C,H,sNH;)Br with PbBr, at a ratio of 2:1.

[0176] Here, the light emission spectrum of the formed
organic-inorganic-hybrid perovskite nanocrystalline particle
is located at about 401 nm.

Manufacturing Example 20

[0177] The same process as that according to Manufac-
turing Example 1 was performed, and (C,,H,sNH;)PbBr,
was used as the organic-inorganic-hybrid perovskite. Here,
the used (C,,H,sNH;)PbBr, was prepared by mixing
(C,,H,sNH,)Br with PbBr, at a ratio of 2:1.

[0178] Here, the light emission spectrum of the formed
organic-inorganic-hybrid perovskite nanocrystalline particle
is located at about 388 nm.

Manufacturing Example 21

[0179] The inorganic metal halide perovskite nanocrystal
particle light-emitter according to an embodiment of the
present invention was formed. The inorganic metal halide
perovskite nanocrystal particle light-emitter was formed
through an inverse nano-emulsion method, or reprecipitation
method, or hot injection method.

[0180] Particularly, Cs,CO; and an oleic acid were added
to octadecene (ODE) that is a non-polar solvent to react at
a high temperature, thereby preparing a third solution.
PbBr,, the oleic acid, and oleylamine were added to the
non-polar solvent to react for one hour at a high temperature
(120° C.), thereby preparing a fourth solution.

[0181] Then, the third solution slowly dropped drop wise
into the fourth solution that is being strongly stirred to form
the inorganic metal halide perovskite (CsPbBr;) nanocrystal
particle light-emitter having the 3D structure.

[0182] Then, the inorganic metal halide perovskite nanoc-
rystal particle that is dispersed in the solution was spin-
coated on a glass substrate to form an inorganic halide
perovskite nanocrystal particle thin film (OIP-NP film).
[0183] Here, the formed inorganic metal halide perovskite
nanocrystal particle has a size of about 20 nm.

Manufacturing Example 22

[0184] The organic ligand of the inorganic metal halide
perovskite nanocrystal particle according to Manufacturing
Example 21 was substituted.
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[0185] First, the fourth solution in which the inorganic
metal halide perovskite nanocrystal particle according to
Manufacturing Example 21 is dispersed was prepared.

[0186] Then, CH;(CH,),NH,I as an alkyl halide surfac-
tant may be added to the fourth solution and heated to
perform the organic ligand substitution. Thus, CH;(CH,)
<NH;I may become the second organic ligand surrounding
the nanocrystal structure. Thus, the inorganic metal halide
perovskite nanocrystal particle light-emitter, in which the
organic ligand is substituted, including the inorganic metal
halide perovskite nanocrystal structure having a size of
about 20 nm and the CH;(CH,)NH;I organic ligand sur-
rounding the nanocrystal structure was manufactured.

Manufacturing Example 23

[0187] A light emitting device according to an embodi-
ment of the present invention was manufactured.

[0188] First, after an ITO substrate (a glass substrate
coated with an ITO anode) is performed, PEDOT: PSS
(AI4083 from Heraeus company) that is a conductive mate-
rial was spin-coated on the ITO anode and then thermally
treated for 30 minutes at a temperature of 150° C. to form
a hole injection layer having a thickness of 40 nm.

[0189] The solution in which the organic-inorganic-hybrid
perovskite nanocrystal particle light-emitter, in which the
organic ligand is substituted, according to Manufacturing
Example 8 is dispersed was spin-coated on the hole injection
layer and then thermally treated for 20 minutes at a tem-
perature of 80° C. to form an organic-inorganic-hybrid
perovskite nanocrystal particle light emitting layer.

[0190] Thereafter, 1,3,5-Tris(1-phenyl-1H-benzimidazol-
2-yDbenzene (TPBI) having a thickness of 50 nm was
deposited on the organic-inorganic-hybrid perovskite nanoc-
rystal particle light emitting layer under a high vacuum state
of 1x1077 Torr or more to form an electron transport layer,
and then, LiF having a thickness of 1 nm was deposited on
the electron transport layer to form an electron injection
layer. Then, aluminum having a thickness of 100 nm was
deposited on the electron injection layer to form a cathode,
thereby manufacturing an organic-inorganic-hybrid per-
ovskite nanocrystal particle light emitting device.

Manufacturing Example 24

[0191] A solar cell according to an embodiment of the
present invention was manufactured.

[0192] First, after an ITO substrate (a glass substrate
coated with an ITO anode) is performed, PEDOT: PSS
(AI4083 from CLEVIOS PH company) that is a conductive
material was spin-coated on the ITO anode and then ther-
mally treated for 30 minutes at a temperature of 150° C. to
form a hole extraction layer having a thickness of 40 nm.
[0193] The organic-inorganic-hybrid perovskite nanocrys-
tal particle, in which the organic ligand is substituted,
according to Manufacturing Example 1 was mixed with
Phenyl-C, -butyric acid methyl ester (PCBM) and then
applied to the hole extraction layer to form a photoactive
layer, and Al having a thickness of 100 nm was deposited on
the photoactive layer to manufacture a perovskite nanocrys-
tal particle solar cell.

Comparative Example 1

[0194] CH;NH;PbBr; was dissolved in dimethylforma-
mide that is a polar solvent to manufacture a first solution.
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[0195] Then, the first solution was spin-coated on a glass
substrate to manufacture a CH;NH;PbBr; thin film (OIP
film)

Comparative Example 2

[0196] CH,NH,PbCl, was dissolved in dimethylforma-
mide that is a polar solvent to manufacture a first solution.
[0197] Then, the first solution was spin-coated on a glass
substrate to manufacture a CH;NH;PbCl; thin film (OIP
film)

Experimental Example

[0198] FIG. 7 is a fluorescent image obtained by photo-
graphing emission light by irradiating ultraviolet rays onto a
light-emitter according to Manufacturing Example 1, Com-
parative Example 1, and Comparative Example 2.

[0199] Referring to FIG. 7, it is seen that an organic-
inorganic-hybrid perovskite solution, which is not in the
form of a nanocrystal, but in the form of a bulk, according
to Comparative Example 1 and Comparative Example 2
emits dark light, but the luminescent material having the
nanocrystal according to Manufacturing Example 1 emits
very bright green light.

[0200] Also, as a result of measuring the photolumines-
cence quantum yield (PLQY), it is seen that the organic-
inorganic-hybrid perovskite nanocrystal particle light-emit-
ter according to Manufacturing Example 1 has a very high
value of 52%.

[0201] On the other hand, in Comparative Example 1 and
Comparative Example 2, the organic-inorganic-hybrid per-
ovskite having the form of the thin film, which is manufac-
tured by spin-coating on the glass substrate, had a PLQY
value of about 1%.

[0202] FIG. 8 is a schematic view of a light-emitter
according to Manufacturing Example 1 and Comparative
Example 1.

[0203] FIG. 8(a) is a schematic view of a light-emitter thin
film (OIP film) according to Comparative Example 1, FIG.
8(b) is a schematic view of a light-emitter thin film (OIP-NP
film) according to Manufacturing Example 1. Referring to
FIG. 8(a), the nanocrystal particle according to Comparative
Example 1 has the form of the thin film manufactured by
spin-coating the first solution on the glass substrate. Refer-
ring to FIG. 8(b), the light-emitter according to Manufac-
turing Example 1 has the form of the nanocrystal structure
110.

[0204] FIG. 9 is an image obtained by photographing a
photoluminescence matrix of the light-emitter at room tem-
perature and a low temperature according to Manufacturing
Example 30 and Comparative Example 1.

[0205] FIG. 9(a) is an image obtained by photographing a
light emission matrix of the thin film-shaped organic-inor-
ganic-hybrid perovskite (OIP film) according to Compara-
tive Example 1 at a low temperature (70K), and FIG. 9(b) is
an image obtained by photographing a light emission matrix
of the thin film-shaped organic-inorganic-hybrid perovskite
(OIP film) according to Comparative Example 1 at room
temperature.

[0206] FIG. 9(c) is an image obtained by photographing a
photoluminescence matrix of the thin film (OIP-NP film)
including the organic-inorganic-hybrid perovskite nanocrys-
tal particle according to Manufacturing Example 1 at a low
temperature (70K), and FIG. 9(d) is an image obtained by
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photographing a photoluminescence matrix of the thin film
(OIP-NP film) of the organic-inorganic-hybrid perovskite
nanocrystal particle according to Manufacturing Example 1
at room temperature.

[0207] Referring to FIGS. 9(a) and 9(d), in case of the
OIP-NP film (OIP-NP film) according to Manufacturing
Example 1, it is seen that photoluminescence occurs at the
same position as that of the OIP film according to Com-
parative Example 1, and color purity is more improved.
Also, in case of the OIP-NP film according to Manufacturing
Example 1, it is seen that photoluminescence having high
color purity occurs at room temperature at the same position
as that at the low temperature, and intensity of the light
emission is not reduced. On the other hand, the organic-
inorganic-hybrid perovskite according to Comparative
Example 1 has different color purity and light emission
position at room temperature and low temperature, and
exciton does not emit light due to thermal ionization and
delocalization of charge carriers at room temperature and
thus is separated as free charge carriers and annihilated to
cause low light emission intensity.

[0208] FIG. 10 is a graph obtained by photographing
photoluminescence of the light-emitter according to Manu-
facturing Example 1 and Comparative Example 1.

[0209] Referring to FIG. 10, in all cases of the liquid state
in which the organic-inorganic-hybrid perovskite nanocrys-
tal particle light-emitter is contained in the solution and the
thin film state in which the thin film layer is formed by using
the nanocrystal particle light-emitter according to Manufac-
turing Example 1, it is seen that the photoluminescence
occurs at the same position as the organic-inorganic-hybrid
perovskite according to Manufacturing Example 1.

[0210] FIG. 11 is a schematic view of the organic-inor-
ganic-hybrid perovskite nanocrystal particle light-emitter, in
which the organic ligand is substituted, according to an
embodiment of the present invention.

[0211] Referring to FIG. 11, the organic-inorganic-hybrid
perovskite nanocrystal particle light-emitter 100 manufac-
tured through the manufacturing methods of the present
invention may be substituted with the organic ligand con-
taining a hydrophobic a phenyl group or fluorine group, for
example, fluorine ammonium. Thus, since the organic-inor-
ganic-hybrid perovskite nanocrystal particle light-emitter is
substituted with this kind of ligand, it is seen that the
manufactured organic-inorganic-hybrid perovskite nanoc-
rystal particle light-emitter 100' is more improved in dura-
bility (or stability).

[0212] In the nanocrystal particle light-emitter including
the organic-inorganic-hybrid perovskite nanocrystal struc-
ture, the organic-inorganic-hybrid perovskite having the
crystal structure, in which the FCC and the BCC are
combined with each other, may be formed in the nanocrystal
particle light-emitter to form a lamellar structure in which
the organic plane and the inorganic plane are alternately
stacked, and also, the excitons may be confined in the
inorganic plane to implement the high color purity.

[0213] Also, the exciton diffusion length may be reduced,
and the exciton binding energy may increase in the nanoc-
rystal having a size of 900 nm or less to prevent the excitons
from being annihilated by thermal ionization and the delo-
calization of the charge carriers, thereby improving the
luminescent efficiency at room temperature.
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[0214] Also, the bandgap energy of the organic-inorganic-
hybrid perovskite nanocrystal particle may be determined by
the crystal structure without depending on the particle size.
[0215] Furthermore, since the 2D organic-inorganic-hy-
brid perovskite is synthesized into the nanocrystal when
compared to the 3D organic-inorganic-hybrid perovskite,
the exciton binding energy may be improved to more
improve the luminescent efficiency and the durability (or
stability).

[0216] Also, the organic ligand surrounding the organic-
inorganic-hybrid perovskite or inorganic metal halide per-
ovskite nanocrystal may be substituted with the ligand
having the short length or the ligand including the phenyl
group or the fluorine group to more increase the energy
transfer or the charge injection in the nanocrystal structure,
thereby improving the luminescent efficiency and the dura-
bility (or stability) by the hydrophobic ligands.

[0217] It should be noted that the embodiments of the
present invention disclosed in the present specification and
drawings are only illustrative of specific examples for the
purpose of understanding and are not intended to limit the
scope of the present invention. It is to be understood by those
skilled in the art that other modifications based on the
technical idea of the present invention are possible in
addition to the embodiments disclosed herein.

DESCRIPTION OF SYMBOLS

[0218] 100:  Organic-inorganic-hybrid  perovskite
nanocrystal particle light-emitter
[0219] 100  Organic-inorganic-hybrid  perovskite

nanocrystal particle light-emitter in which organic
ligand is substituted

[0220] 110:  Organic-inorganic-hybrid
nanocrystal structure

perovskite
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[0221]

ligand

1. A method for manufacturing an inorganic metal halide
perovskite nanocrystal particle light-emitter, in which an
organic ligand is substituted, the method comprising:

preparing a solution comprising the inorganic metal

halide perovskite nanocrystal particle light-emitter
including an inorganic metal halide perovskite nanoc-
rystal structure and a plurality of first organic ligands
surrounding a surface of the inorganic metal halide
perovskite nanocrystal structure; and

adding a second organic ligand, which has a length less

than that of each of the first organic ligands or com-
prises a phenyl group or fluorine group, to the solution
to substitute the first organic ligand with the second
organic ligand.

2. The method of claim 1, wherein each of the first organic
ligand and the second organic ligand comprises alkyl halide,
and a halogen element of the second organic ligand com-
prises an element having affinity higher than that of a
halogen element of the first organic ligand with respect to a
center metal of the inorganic metal halide perovskite nanoc-
rystal structure.

3. The method of claim 1, wherein the inorganic metal
halide perovskite comprises a structure of ABX;, A,BX,,
ABX,, or A, Pb X, . (wheren is an integer between 2 to
6), and

the A is an alkali metal, the B is a metal material, and the

X is a halogen element.

4. The method of claim 1, wherein the A is Na, K, Rb, Cs,
or Fr,

the B is a divalent transition metal, a rare earth metal, an

alkali earth metal, Pb, Sn, Ge, Ga, In, Al, Sb, Bi, Po, or
a combination thereof, and
the X is Cl, Br, 1, or a combination thereof.

120: First organic ligand 130: Second organic
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