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In a method of manufacturing a quantum dot, a core may be
formed using (utilizing) at least one cation precursor and at
least one anion precursor. The core may be reacted with a
shell forming precursor and a ligand forming precursor for
more than one hour to form a shell enclosing the core and a
ligand. A nanoparticle including the core, the shell and the
ligand may be washed.
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FIG. 3
(START)

FORMING A CORE —~—321

FORMING A SHELL SURROUNDING THE CORE
AND A L1GAND S22

WASHING A NANOPARTICLE INCLUDING THE
OORE, THE SHELL AND THE LIGAND |23

END

FIG. 4

FORMING A CORE 931

FORMING A FRIST SHELL SURROUNDING
© THE CORE 3832

FORMING A SECOND SHELL SURROUNDING
THE FIRST SHELL ——533

FORMING A LIGAND ON A SURFACE
OF THE SECOND SHELL 534

WASHING A NANOPARTICLE INCLUDING THE

CORE, THE FIRST AND SCEOND SHELLS }~-S35
AND THE LIGAND

END
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QUANTUM DOTS, METHODS OF
MANUFACTURING QUANTUM DOTS AND
METHODS OF MANUFACTURING ORGANIC
LIGHT EMITTING DISPLAY DEVICES
USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0037292, filed on
Apr. 5, 2013, in the Korean Intellectual Property Office
(KIPO); and Korean Patent Application No. 10-2014-
0036760, filed on Mar. 28, 2014, in the Korean Intellectual
Property Office, the entire disclosure of each of the patent
applications is incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] Example embodiments of the invention relate to
quantum dots, methods of manufacturing quantum dots and
methods of manufacturing organic light emitting display
devices using the same.

[0004] 2. Description of the Related Art

[0005] A quantum dot may include a core, a shell surround-
ing the core, and a ligand chemically bonded to a surface of
the shell. The quantum dot may be generally obtained by
repeatedly washing a nanoparticle including the core, the
shell and the ligand. If weak chemical bonding is generated
between the shell and the ligand, however, the ligand may be
detached from the nanoparticle while performing the washing
process. Therefore, the quantum dot may have poor quantum
efficiency, and also an organic light emitting display (OLED)
device including an emitting layer formed using (utilizing)
the quantum dot may have low luminance and poor current
efficiency. Particularly, when the quantum dot is small in size,
the quantum deficiency of the quantum dot may decrease in
proportion to the decrease in size.

[0006] Meanwhile, since a blue quantum dot may have
quantum efficiency lower than that of a green quantum dot or
ared quantum dot, an OLED device may be required to have
relatively high quantum efficiency when the OLED device
includes the blue quantum dot.

SUMMARY

[0007] An aspect according to one or more example
embodiments of the present invention is directed toward a
quantum dot having a desired high quantum efficiency.
[0008] Another aspect according to one or more example
embodiments of the present invention is directed toward a
method of manufacturing a quantum dot having a desired
high quantum efficiency.

[0009] Yet another aspect according to one or more
example embodiments of the present invention is directed
toward a method of manufacturing an organic light emitting
display (OLED) device capable of ensuring high luminance
and current efficiency with low current density.

[0010] According to one embodiment of the invention, in a
method of manufacturing a quantum dot, a core may be
formed using (utilizing) at least one cation precursor and at
least one anion precursor. The core may be reacted with a
shell forming precursor and a ligand forming precursor for
more than about one hour to form a shell substantially enclos-
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ing the core and a ligand. A nanoparticle including the core,
the shell and the ligand may be washed.

[0011] In the forming of the core according to example
embodiments, a mixture may be formed using (utilizing) the
at least one cation precursor selected from an element in
Group XII and/or an element in Group XIII, an organic sol-
vent and an unsaturated fatty acid. The mixture may be
heated. The at least one anion precursor selected from an
element in Group XV and/or an element in Group XVI may
be added to the mixture to thereby react the anion precursor
with the cation precursor.

[0012] Inexample embodiments, the cation precursor may
include zinc (Zn), cadmium (Cd) and/or indium (In), and the
anion precursor may include sulfur (S), selenium (Se), tellu-
rium (Te) and/or phosphorous (P).

[0013] Inexample embodiments, the shell forming precur-
sor may include at least one element in Group XVI.

[0014] In example embodiments, the ligand forming pre-
cursor may include at least one of oleic acid and trialkylphos-
phine.

[0015] In some example embodiments, when the core

reacts with the shell forming precursor and the ligand forming
precursor, a first shell forming precursor and the core may be
reacted to form a first shell substantially enclosing the core. A
second shell forming precursor, the core and the first shell
may be reacted to form a second shell substantially enclosing
the first shell. The ligand forming precursor, the core and the
first and second shells may be reacted so that the ligand may
be formed on a surface of the second shell.

[0016] In example embodiments, the first shell forming
precursor may include at least one element in Group X VL.
[0017] Inexample embodiments, the second shell forming
precursor may include at least one element in Group XII and
at least one element in Group XVI.

[0018] In the washing of the nanoparticle according to
example embodiments, the nanoparticle may be precipitated
in a non-polar solvent. The nanoparticle may be centrifuged.
[0019] According to another embodiment of the invention,
a quantum dot may include a core, a first shell and a second
shell substantially enclosing the core, and a ligand on a sur-
face of the second shell.

[0020] In example embodiments, the quantum dot may
have a size above about 10 nm.

[0021] Inexample embodiments, the first shell may have a
substantially gradient composition, and the second shell may
have a substantially constant composition.

[0022] In example embodiments, each of the first and the
second shells may include at least one element in Group X1I
and at least one element in Group XVI.

[0023] In example embodiments, the ligand may include
oleate. Alternatively, the ligand may include oleate and trio-
ctylphosphine.

[0024] In example embodiments, the core may include a
reaction product of at least one cation precursor selected from
an element in Group X1I and an element in Group X111, and at
least one anion precursor selected from an element in Group
XV and an element in Group XVI.

[0025] In example embodiments, the core may have a blue
emission color or a green emission color.

[0026] According to still another embodiment of the inven-
tion, in a method of manufacturing an organic light emitting
display device, an anode may be formed on a substrate, and a
hole injection layer (HIL) may be formed on the anode. A hole
transport layer (HTL) may be formed on the HIL. An emitting
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layer (EML) may be formed on the HTL. The EML may be
formed using (utilizing) a quantum dot having a size above
about 10 nm and including a core, a first shell and a second
shell substantially enclosing the core, and a ligand formed on
a surface of the second shell. An electron transport layer
(ETL) may be formed on the EML, and a cathode may be
formed on the ETL.

[0027] In example embodiments, the HTL. may include
polyvinylcarbazole.

[0028] In the forming of the EML according to example
embodiments, the quantum dot may be dispersed on the HTL
using (utilizing) a solvent including hexane.

[0029] According to example embodiments of the inven-
tion, a quantum dot having high quantum efficiency may be
easily obtained by controlling a reaction for a shell and a
ligand. For example, a ligand forming precursor including
oleic acid and a shell forming precursor may be reacted with
a core for more than about one hour, so that a shell having a
gradient composition and a thick thickness and a ligand
including oleate may be formed. Thus, a strong chemical
bonding may be generated between the ligand and the shell,
and the quantum dot may have a size larger than about 10 nm.
In addition, the quantum dot may have high quantum effi-
ciency. Moreover, an additional shell may be formed on a
surface of the shell to form a quantum dot having higher
quantum efficiency than that of the quantum dot which does
not have an additional shell. In this case, the core affecting
quantum efficiency and emitting characteristics of the quan-
tum dot may be effectively protected by the additional shell,
and thus the quantum dot may have and maintain high quan-
tum efficiency even though a chemical bonding between the
ligand and the shell is weak. When the EML of the OLED
device is formed using (utilizing) the quantum dot in accor-
dance with example embodiments, the OLED device may
have high luminance and high current efficiency while ensur-
ing low current density. When the OLED device includes the
blue quantum dot in accordance with example embodiments,
the OLED device may have quantum efficiency substantially
the same as or greater than that of an OLED device including
a green quantum dot or a red quantum dot.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Exampleembodiments ofthe invention will be more
clearly understood from the following detailed description
taken in conjunction with the accompanying drawings. FIGS.
1 to 5 represent non-limiting, example embodiments as
described herein:

[0031] FIG.1is a cross-sectional view illustrating a quan-
tum dot in accordance with example embodiments of the
invention;

[0032] FIG. 2 is a cross-sectional view illustrating a quan-

tum dot in accordance with some example embodiments of
the invention;

[0033] FIG. 3 isaflow chartillustrating a method of manu-
facturing a quantum dot in accordance with example embodi-
ments of the invention;

[0034] FIG.4isaflow chartillustrating a method of manu-
facturing a quantum dot in accordance with some example
embodiments of the invention; and

[0035] FIG.5is across-sectional view illustrating a method
of manufacturing an OLED in accordance with example
embodiments of the invention.
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DETAILED DESCRIPTION

[0036] Various example embodiments of the invention will
be described more fully hereinafter with reference to the
accompanying drawings, in which some example embodi-
ments are shown. The invention may, however, be embodied
in many different forms and should not be construed as lim-
ited to the example embodiments set forth herein. Rather,
these example embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey the
scope of the invention to those skilled in the art. In the draw-
ings, the dimensions and relative sizes of layers and/or
regions may be exaggerated for clarity. Like reference numer-
als refer to like elements throughout.

[0037] It will be understood that, although the terms first,
second, third, etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are used to distinguish one element from
another. Thus, a first element discussed below could be
termed a second element without departing from the teach-
ings of the invention. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. Expressions such as “at least one of,”
when preceding a list of elements, modify the entire list of
elements and do not modify the individual elements of the list.
Further, the use of “may” when describing embodiments of
the present invention refers to “one or more embodiments of
the present invention.”

[0038] The terminology used herein is for the purpose of
describing particular example embodiments only and is not
intended to be limiting of the invention. As used herein, the
singular forms “a,” “an” and “the” are intended to include the
plural forms as well, unless the context clearly indicates oth-
erwise. It will be further understood that the terms “com-
prises” and/or “comprising,” when used in this specification,
specify the presence of the stated features, integers, steps,
operations, elements, and/or components, but do not preclude
the presence or addition of one or more other features, inte-
gers, steps, operations, elements, components, and/or groups
thereof. As used herein, the term “substantially” is used as a
term of approximation and not as a term of degree.

[0039] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0040] FIG. 1 is a cross-sectional view illustrating a quan-
tum dot in accordance with example embodiments of the
invention.

[0041] Referring to FIG. 1, a quantum dot 100 may include
acore 110, a first shell 120 and a ligand 130. The quantum dot
100 may have a size above (greater than) about 10 nm, and
have high quantum efficiency in proportion to a size thereof.
[0042] The core 110 may be located at a center of the
quantum dot 100 and may have a substantially spherical
shape. The core 110 may include at least one cation and at
least one anion. The cation may include an element in Group
XII and/or an element in Group XIII (of the Periodic Table of
Elements). For example. the cation of the core 110 may
include cadmium (Cd), zinc (Zn) and/or indium (In). The
anion of the core 110 may include an element in Group XV
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and/or an element in Group XVI. For example, the anion may
include sulfur (S), selenium (Se). tellurium (Te) and/or phos-
phorous (P). In example embodiments, the core 110 may be a
binary core (including, e.g., CdSe, CdTe, CdS, ZnSe, ZnTe,
InP, etc.), a ternary core (including, e.g., ZnCdS, ZnSeTe,
CdSeS, ZnCdSe, ZnCdTe, etc.), or a quaternary core (includ-
ing, e.g., ZnCdSeS, ZnCdSeTe, ZnCdTeS, etc.).

[0043] The core 110 may exhibit various colors in accor-
dance with its composition, i.e., a cation content and/or an
anion content. Accordingly, the quantum dot 100 may emit
various colors of emission light such as blue, red, green, etc.
In example embodiments, the quantum dot 100 may be a blue
quantum dot or a green quantum dot.

[0044] The first shell 120 may enclose substantially a sur-
face of the core 110, and may include at least one cation and
atleast one anion. The cation of the first shell 120 may include
an element in Group XII, e.g., zinc (Zn) and/or cadmium
(Cd). The anion of the first shell 120 may include an element
in Group XVI, e.g., sulfur (S), etc. In example embodiments,
the first shell 120 may be a binary shell (including, e.g., ZnS),
or a ternary shell (e.g., ZnCdS).

[0045] In example embodiments, the first shell 120 may
have a gradient composition. Different portions of the first
shell 120 may have different cation contents and/or anion
contents. That is, the cation content and/or the anion content
may vary from an innermost portion of the first shell 120 to an
outermost portion of the first shell 120. For example, when
the first shell 120 includes zinc (Zn), cadmium (Cd) and
sulfur (S), the zinc concentration in the first shell 120 may be
substantially the lowest at the innermost portion and may be
substantially the highest at the outermost portion. That is, the
zinc concentration may increase substantially in proportion to
an increase of a distance from the core 110.

[0046] In some example embodiments, the first shell 120
may have a substantially constant (same) composition. For
example, each portion of the first shell 120 may have a sub-
stantially constant cation content and/or a substantially con-
stant anion content.

[0047] FIG. 2 is a cross-sectional view illustrating a quan-
tum dot in accordance with some example embodiments of
the invention

[0048] As illustrated in FIG. 2, the quantum dot 100 may
additionally include a second shell 140 substantially enclos-
ing a surface of the first shell 120. In this case, a size of the
quantum dot 100 may be increased because of the second
shell 140, and a bonding between an electron and a hole in the
core 110 may be specially (additionally) protected. Thus, the
quantum dot 100 may ensure continuously higher quantum
efficiency (higher quantum efficiency over a long time) than
that of a quantum dot without a second shell.

[0049] The second shell 140 may include at least one cation
and at least one anion. The cation of the second shell 140 may
include an element in Group XII such as zinc (Zn), and the
anion of the second shell 140 may include an element in
Group X VI such as sulfur (S). In example embodiments, the
second shell 140 may be a binary shell (including, e.g., ZnS).
The second shell 140 may have a substantially constant com-
position. For example, each portion of the second shell 140
may have a substantially constant (the same) cation content
and/or a substantially constant anion content. The second
shell 140 may have a thickness of about 1.6 nm. In example
embodiments, the second shell 140 may be substantially dif-
ferent from the first shell 120.
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[0050] The ligand 130 may include an organic functional
group. The ligand 130 may be provided on the surface of the
first shell 120 or the surface of the second shell 140 such that
the ligand 130 may be chemically bonded to the surface of the
first shell 120 or the surface of the second shell 140. The
organic functional group in the ligand 130 may include, e.g,,
oleate and/or trioctylphosphine (TOP).

[0051] In example embodiments, the ligand 130 including
oleate may be provided on the surface of the first shell 120.
Accordingly, a relatively strong chemical bonding may occur
between the first shell 120 and the ligand 130, and the ligand
130 may not be detached from the surface of the first shell 120
during a repeated washing process for obtaining the quantum
dot 100.

[0052] In some example embodiments, the ligand 130,
including both oleate and TOP, may be provided on the sur-
face of the second shell 140. In this case, even though a
chemical bonding between the second shell 140 and the
ligand 130 becomes weak, the quantum dot 100 may have
continuously higher quantum efficiency because of the sec-
ond shell 140. Alternatively, the ligand 130 including oleate
only may be formed on the surface of the second shell 140,
and thus the quantum dot 100 may have more improved
quantum efficiency because of a relatively strong chemical
bonding between the second shell 140 and the ligand 130.
[0053] FIG. 3is a flow chart illustrating a method of manu-
facturing a quantum dot in accordance with example embodi-
ments of the invention.

[0054] Referring to FIG. 3, a core may be formed using
(utilizing) at least one cation precursor and at least one anion
precursor in act S21.

[0055] In example embodiments, the core may be formed
by the following acts (steps). The cation precursor including
an element in Group X1I and/or an element in Group XIII, an
organic solvent and an unsaturated fatty acid may be mixed to
form a mixture. The mixture may be heated to a temperature
of about 100° C. to about 350° C., and the anion precursor
including an element in Group XV and/or an element in
Group XVI may be added into the heated mixture to be
reacted with the cation precursor.

[0056] The cation precursor may include, e.g., zinc acety-
lacetonate, zinc acetate, zinc iodide, zinc bromide, zinc fluo-
ride, dimethyl zinc, diethyl zinc, cyanide zinc, zinc hydrox-
ide, zinc carbonate, zinc oxide, zinc chloride, zinc sulfide,
cadmium acetylacetonate, cadmium acetate, cadmium
iodide, cadmium bromide, cadmium chloride, cadmium fluo-
ride, dimethyl cadmium, diethyl cadmium, cadmium hydrox-
ide, cadmium carbonate, cadmium oxide, indium acetylac-
etonate, indium acetate, indium iodide, indium bromide,
indium chloride, indium hydroxide and/or indium carbonate.
[0057] The organic solvent may include a hydrocarbon
such as 1-oatadecen (1-ODE), 1-nonadecene, cis-2-methyl-
7-octadecene, 1-heptadecene, 1-hexadecene, 1-pentadecene,
1-tetradecene, 1-tridecene, 1-undecene, 1-dodecene,
1-decene, etc.

[0058] The unsaturated fatty acid may include a carboxylic
acid such as lauric acid, palmitic acid, oleic acid, stearic acid,
myristic acid, elaidic acid, eicosanoic acid, etc.

[0059] The anion precursor may be a mixture including a
solvent and an element, e.g., sulfur (S), selenium (Se), tellu-
rium (Te) and/or phosphorous (P). The solvent may include,
e.g., an alkene such as 1-ODE, an alkylphosphine such as
TOP, an alkylphosphine oxide such as trioctylphosphineox-
ide (TOPO), and/or amine.
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[0060] In example embodiments, the core may be accord-
ingly formed as a binary core (including, e.g., CdSe, CdTe,
CdS, ZnSe, ZnTe, InP, etc.), a ternary core (including, e.g.,
ZnCdS, ZnSeTe, CdSeS, ZnCdSe, ZnCdTe, etc.), or a qua-
ternary core (including, e.g, ZnCdSeS, ZnCdSeTe,
ZnCdTeS, etc).

[0061] The quantum dot may have various colors of light
emission (emit various light colors), e.g.. blue, red, green,
etc., in accordance with a color of the core, which may be
controlled by changing a composition thereof, i.e., changing
a content of the cation precursor and/or a content of the anion
precursor for forming the core. Alternatively, a size ofthe core
may be adjusted to control the color of emission light of the
quantum dot. In example embodiments, a blue quantum dot or
a green quantum dot may be obtained.

[0062] A shell forming precursor and a ligand precursor
may be reacted with the core for about one hour to about 12
hours to form a shell substantially enclosing the core and a
ligand in act S22. The ligand may be formed on a surface of
the shell.

[0063] Theshell forming precursor may include at least one
element in Group X VI, e.g., sulfur (S), selenium (Se), etc. In
example embodiments, the shell may be formed as a binary
shell (including, e.g., ZnS), or a ternary shell (including, e.g.,
ZnCdS).

[0064] The time (reaction time) of a reaction between the
core and the shell forming precursor may determine the thick-
ness and the composition of the shell. That is, the shell may
have a thicker thickness and a gradient composition in pro-
portion to an increase of the reaction time. Thus, when shell
forming precursor and the core are reacted for more than one
hour, a nanoparticle including the core, the shell and the
ligand may be formed with a size greater than (above) about
10 nm, and thus the quantum dot may have high quantum
efficiency in proportion to the size thereof. Additionally, the
shell may have different compositions from an innermost
portion to an outermost portion.

[0065] In example embodiments, when the shell includes
zine (Zn), cadmium (Cd) and sulfur (S), the shell may have a
zinc concentration increasing in proportion to an increase in a
distance from the core. That is, the shell may have substan-
tially and relatively the lowest zinc concentration at the inner-
most portion, and also substantially and relatively the highest
zinc concentration at the outermost portion.

[0066] In some example embodiments, the shell may have
a substantially constant composition from the innermost por-
tion to the outermost portion.

[0067] The ligand forming precursor may include, e.g.,
oleic acid. In example embodiments, the ligand may include
oleate derived from the oleic acid. In this case, a strong
chemical bonding may be generated between the shell and the
ligand, and thus the ligand may not be detached from the
surface of the shell when performing a washing process for
the nanoparticle.

[0068] The nanoparticle may be washed in act S23. The
nanoparticle may be purified by the washing process, so that
the quantum dot may be obtained

[0069] In example embodiments, the nanoparticle may be
precipitated in a non-polar solvent, and a centrifugal process
may be performed using a mixed (complex) solvent to obtain
the quantum dot. The non-polar solvent may include, e.g.,
ethanol or acetone, and the complex solvent may include, e.g.
acetone and chloroform. Such a washing process may be
repeatedly performed e.g., more than three times.
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[0070] As described above, the quantum dot having high
quantum efficiency may be easily formed by controlling the
reaction for forming the shell and the ligand. For example, the
ligand forming precursor including oleic acid and the shell
forming precursor may be reacted with the core for more than
one hour, so that the shell may have a gradient composition
and a relatively thicker thickness, and the ligand may include
oleate. Thus, a strong chemical bonding may be generated
between the ligand and the shell, and the quantum dot may
have a large size above about 10 nm. As a result, the quantum
dot may ensure high quantum efficiency.

[0071] According to example embodiments, a blue quan-
tum dot may be obtained by performing the above-described
processes, so the blue quantum dot may have a quantum
efficiency substantially the same as or higher than that of ared
quantum dot or a green quantum dot.

[0072] FIG. 4is a flow chart illustrating a method of manu-
facturing a quantum dot in accordance with some example
embodiments of the invention. The quantum dot may be
formed by performing processes substantially the same as or
similar to those described with reference to FIG. 3.

[0073] Referring to FIG. 4, processes substantially the
same as or similar to those in act S21 may be performed to
forma core inact S31. The resulting core may be substantially
the same as the core described with reference to FIG. 3.
[0074] Then, processes substantially the same as or similar
to those in act S22 may be performed to form a first shell
substantially enclosing the core inact S32. That is, a first shell
forming precursor substantially the same as the shell forming
precursor described with reference to FIG. 3 may be reacted
with the core, and thus the first shell substantially the same as
the shell described with reference to FIG. 3 may be formed.
[0075] A second shell forming precursor may be reacted
with the core and the first shell to form a second shell sub-
stantially enclosing the first shell in act S33. The resulting
quantum dot may have a size substantially larger than that of
the quantum dot described with reference to FI1G. 3, and also
a bonding between an electron and a hole in the core may be
more effectively protected. Thus, the quantum dot may ensure
a quantum efficiency substantially higher than that of the
quantum dot described with reference to FIG. 3.

[0076] The second shell forming precursor may include at
least one cation precursor and at least one anion precursor. In
example embodiments, the cation precursor may include an
element in Group XII such as zinc (Zn), and the anion pre-
cursor may include an element in Group X VI such as sulfur
).

[0077] In example embodiments, the second shell may be
formed as a binary shell including, e.g., ZnS. The second shell
may have a substantially constant composition and a thick-
ness of about 1.6 nm. The second shell may be substantially
different from the first shell. The thickness of the second shell
may vary in accordance with a time of reaction among the
core, the first shell and the second shell forming precursor, so
that the thickness may not be limited thereto but be changed
easily in accordance with quantum characteristics of a desired
quantum dot.

[0078] Referring now to FIG. 4, aligand forming precursor
may be reacted with the core and the first and second shells to
form a ligand on a surface of the second shell in act S34.
[0079] The ligand forming precursor may include, e.g.,
oleic acid and a trialkylphoshine. In example embodiments,
the ligand may include oleate derived from oleic acid or TOP
derived from trialkylphoshine. In this case, even though a
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chemical bonding between the ligand and the second shell is
weak, the quantum dot may not have reduced quantum effi-
ciency because of the second shell.

[0080] Insome example embodiments, the ligand forming
precursor may include oleic acid only, and thus the ligand
may include oleate only. Here, a strong chemical bonding
may be generated between the ligand and the second shell, so
that the quantum dot may have more improved quantum
efficiency.

[0081] Then, processes substantially the same as or similar
to those in act S23 may be performed to wash a nanoparticle
including the core, the first shell, the second shell and the
ligand in act S35. Therefore, the nanoparticle may be purified
and the quantum dot may be obtained.

[0082] As described above, the second shell may be addi-
tionally provided in manufacturing of the quantum dot, and
thus the quantum dot may ensure higher quantum efficiency.
That is, the core affecting quantum efficiency and emitting
characteristics of the quantum dot may be more effectively
protected by the second shell, and thus the quantum dot may
have continuously higher quantum efficiency although a
chemical bonding between the ligand and the second shell
becomes weak.

[0083] FIG.5is across-sectional view illustrating a method
of manufacturing an organic light emitting display (OLED)
device in accordance with example embodiments of the
invention.

[0084] Referring to FIG. 5, an anode 220, a hole injection
layer (HIL) 230 and a hole transport layer (HTL) 240 may be
sequentially formed on a substrate 210.

[0085] In example embodiments, a first conductive layer
may be formed on the substrate 210 by a deposition process
(such as a sputtering process), and the first conductive layer
may be patterned to form the anode 220. The first conductive
layer may be formed using (utilizing) metal or metal oxide,
e.g., indium tin oxide (ITO), zinc oxide, indium oxide, tin
oxide, indium zine oxide, etc.

[0086] Then, a cleaning process may be performed on the
substrate 210 on which the anode 220 is formed. In example
embodiments, the cleaning process may include a wet clean-
ing process executed using (utilizing) deionized water (DI),
acetone and/or isopropanol, and/or a UV ozone treatment
process.

[0087] The HIL 230 may be formed on the anode 220 by
coating a first composition including a hole injection mate-
rial, and by soft-baking the substrate 210 on which the first
composition is coated. Examples of the hole injection mate-
rial may include, e.g., poly(3,4-ethylenedioxylenethiophene)
(PEDOT), polystyrene sulfonate (PSS), etc. In example
embodiments, the HIL 230 may be formed by spin coating,
inkjet printing, nozzle printing, spray coating, slit coating, dip
coating, etc. The HIL 230 may have a thickness of about 20
nm.

[0088] The HTL 240 may be formed on the HIL 230 by
coating a second composition including a hole transport
material, and by soft-baking the substrate 210 on which the
second composition is coated. Examples of the hole transport
material may include, e.g., polyvinylcarbazole (PVK), N,N'-
diphenyl-N,N'-bis(1-naphthylphenyl)-1,1'-biphenyl-4,4'-di-
amine (NPD), poly-TPD(poly(N,N'-bis(4-butylphenyl)-N—
N'-bis(phenyl-benzidine)), poly-TFB(poly[(9,9-
dioctylfluorenyl-2,7-diyl)-co-(4,4'-(N-(4-sec-butylphenyl))
diphenyl-amine)]), poly(1,4-phenylenevinylene) (PPV), etc.
In example embodiments, the HTL 240 may be formed by
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spin coating, inkjet printing, nozzle printing, spray coating,
slit coating, dip coating, etc. The HTL 240 may have a thick-
ness of about 20 nm.

[0089] The substrate 210 may include, e.g., a glass sub-
strate, a quartz substrate, a plastic substrate, a ceramic sub-
strate, a semiconductor substrate, etc. Alternatively, the sub-
strate 210 may include a flexible substrate.

[0090] An emitting layer (EML) 250 may be formed on the
HTL 240. In example embodiments, the EML. 250 may be
obtained by dispersing a quantum dot 100 in a solvent such as
water, hexane, chloroform, toluene, etc. to form a mixture,
and then by coating the mixture on the HTL 240 through spin
coating. When the HTL 240 includes PVK as a hole transport
material, the HTL 240 may be dissolved in a solvent including
chloroform and/or toluene. Thus, the solvent (for dispersing
the quantum dot 100) may include hexane without chloro-
form and/or toluene.

[0091] After performing processes substantially the same
as or similar to those described with reference to FIG. 3 or
FIG. 4, the quantum dot 100 may be obtained. The quantum
dot 100 may be substantially the same as that described with
reference to FI1G. 1 or FIG. 2. Accordingly, the EML, 250 may
have high emitting characteristics, and thus the OLED 200
device including the EML 250 may have high luminance and
high current efficiency with low current density.

[0092] Anelectron transportlayer (ETL) 260 and a cathode
270 may be sequentially formed on the EML 250. The ETL
260 may be formed on the EML 250 by coating a composition
including an electron transport material, and then by soft-
baking the substrate 210 on which the composition is coated.
Examples of the electron transport material may include a
Zn0O quantum dot and/or a TiO, nanoparticle. Alternatively,
the electron transport material may include, 2,9-dimethyl-4,
7-diphenyl-1,10-phenanhro-line (BCP) and/or 1,3,5-tris(N-
phenylbenzimidazol-2,yl)benzene (TPBI). In example
embodiments, the ETL. 260 may be formed by spin coating,
inkjet printing, nozzle printing, spray coating, slit coating, dip
coating, etc. The ETL 260 may have a thickness of about 50
nm.

[0093] A second conductive layer may be formed on the
ETL 260 by a deposition process such as a thermal deposition
process. The second conductive layer may be patterned to
form the cathode 270 on the ETL 260. The second conductive
layer may be formed using metal, metal alloy or metal oxide.
Examples of the metal may include calcium (Ca), aluminum
(Al), magnesium (Mg), silver (Ag), barium (Ba), etc.

[0094] As described above, the EML 250 may be formed
using the quantum dot 100 in accordance with example
embodiments, so that the OLED device 200 including the
EML 250 may have high luminance and high current effi-
ciency with low current density. For example, the OLED
device 200 including a blue quantum dot prepared in accor-
dance with example embodiments may have good electrical
characteristics substantially the same as or superior than that
of an OLED device including a green quantum dot or a red
quantum dot. The HTL 240 may be formed using (utilizing)
PVK, which is an affordable hole transport material, so that
the OLED device 200 including the HTL 240 may have a
competitive price.

Example 1

[0095] 1 mmol of cadmium oxide and 10 mmol of zinc
acetate were added into a three neck flask, and 15 ml of
1-ODE and 7 ml of oleic acid were also added therein to form
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a first mixture. The first mixture was heated to a temperature
of about 150° C. under a vacuum condition, and then heated
again to a temperature of about 310° C. under an argon (Ar)
atmosphere. 1.6 mmol of sulfur powder was added to 2.4 ml
of 1-ODE to form a second mixture, and then the second
mixture was added to the heated first mixture to cause a
reaction therebetween for about 12 min. Thus, a ZnCdS core
was formed. After 4 mmol of sulfur powder was added to 5 ml
of oleic acid to form a third mixture, the third mixture was
added dropwise onto a surface of the core to cause a react
therebetween. The reaction was maintained for about one
hour. Hence, a nanoparticle including a ZnS shell or a ZnCdS
shell and an oleate ligand was formed. The nanoparticle was
precipitated in acetone, and a centrifugal process was pet-
formed using (utilizing) a complex solvent including hexane
and ethanol. Accordingly, a blue quantum dot having a size of
about 12 nm was obtained. The blue quantum dot included the
core, the shell having a gradient composition and the ligand.

Example 2

[0096] Except that a reaction between a third mixture and a
core was maintained for about 2 hours, processes substan-
tially the same as or similar to those of Example 1 were
performed to thereby obtain a quantum dot.

Example 3

[0097] Except that a reaction between a third mixture and a
core was maintained for about 4 hours, processes substan-
tially the same as or similar to those of Example 1 were
performed to thereby obtain a quantum dot.

Example 4

[0098] Except for the forming of a first mixture using (uti-
lizing) 0.14 mmol of cadmium acetate and 3.41 mmol of zinc
oxide and the forming of a second mixture using (utilizing) 5
ml of TOP, 5 ml ofoleic acid, 5 mmol of selenium powder and
5 mmol of sulfur powder, processes substantially the same as
or similar to those of Example 1 were performed. Thus, a
green quantum dot having a size of about 10 nm was obtained.
The green quantum dot included a CdSe core, a ZnCdS shell
having gradient composition and oleate, and TOP ligands.

Example 5

[0099] Processes substantially the same as or similar to
those of Example 4 were performed to form a first nanopar-
ticle including a CdSe core having a green emission color and
a ZnCdSs first shell having a gradient composition. Then, 2.36
mol of Zn acetate dehydrate was added in 1 ml of oleic acid
and 4 ml of 1-ODE to form a fourth mixture, and the fourth
mixture was reacted with the first nanoparticle at a tempera-
ture of about 310° C. This reaction was maintained until a
temperature was decreased to about 270° C. After 9.65 mmol
of sulfur powder was added to 5 ml of TOP to form a fifth
mixture, the fourth and fifth mixtures and the first nanopar-
ticle were reacted for about 20 minutes. Thus, a ZnS second
shell enclosing the first nanoparticle and having a thickness of
about 1.6 nm was formed, and ligand including oleate and
TOP was formed on a surface of the second shell. Processes
substantially the same as or similar to those of Example 1
were performed to wash a second nanoparticle including the
core, the first shell, the second shell and the ligand. As a result,
a green quantum dot having a size of about 13 nm was
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obtained. The green quantum dot included the core, the first
shell, the second shell and the ligand.

Comparative Example 1

[0100] Exceptthat a reaction between a third mixture and a
core was maintained for about 40 min, processes substantially
the same as or similar to those of Example 1 were performed
to thereby obtain a quantum dot.

Comparative Example 2

[0101] Except for the forming of a third mixture using
(utilizing) TOP substituted for oleic acid, processes substan-
tially the same as or similar to those of Example 1 were
performed. Thus, a blue quantum dot having a size of 12 nm
was obtained. The blue quantum dot included a ZnCdS core,
a ZnCdS shell having a gradient composition, and a TOP
ligand.

Comparative Example 3

[0102] Except that a reaction between a third mixture and a
core was maintained for about 4 hours and the forming of the
third mixture using TOP substituted for oleic acid, processes
substantially the same as or similar to those of Example 1
were performed to thereby obtain a quantum dot.

Example 6

[0103] ITO was deposited on a substrate to form a first
conductive layer, and the first conductive layer was patterned
to form an anode. The substrate having the anode thereon was
cleaned using (utilizing) acetone and methanol for about 20
minutes, and an ozone treatment process was performed on
the substrate. A compound including PEDOT-PSS (clevios
PH3500) having relatively high conductivity and PEDOT-PSS
(clevios A14083) having relatively low conductivity was
spin-coated on the cleaned substrate, and the substrate on
which the compound was coated was soft-backed in a glove-
box having N, atmosphere for about 30 minutes at a tempera-
ture of about 110° C. to form a HIL on the anode. 0.05 g of
PVK was dissolved in 5 ml of chlorobenzene to form 1.1 vol
% of PVK liquid, and then the PVK liquid was spin-coated on
the HIL at 3,000 rpm for about 60 sec. The substrate on which
the PVK liquid was spin-coated was soft-backed in a glove-
box having N, atmosphere for about 30 min at a temperature
of about 150° C. to form a HTL on the HIL.. The HTL had a
thickness of about 20 nm. Thereafter, a quantum dot in accor-
dance with Example 1 was dispersed in hexane to form a first
quantum liquid having a concentration of about 15 mg/ml,
and the first quantum liquid was spin-coated on the HTL at
2,000 rpm for about 20 sec to form an EML having a thickness
of about 20 nm. A ZnO quantum dot was dispersed in ethanol
to form a second quantum liquid having a concentration of
about 20 mg/ml, and the second quantum liquid was spin-
coated at 1,500 rpm for about 60 seconds. The substrate on
which the second quantum liquid was spin-coated was soft-
backed in a glovebox having N, atmosphere for about 30 min
at atemperature of about 110° C. to form an ETL onthe HTL.
The ETL had a thickness of about 50 nm. Aluminum was
deposited on the ETL by a thermal deposition process to form
a second conductive layer having a thickness of about 100
nm, and the second conductive layer was patterned to form a
cathode. As a result, an OLED device including a blue quan-
tum dot was manufactured.
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Example 7

[0104] Except for the forming of an EML using (utilizing)
a quantum dot prepared in accordance with Example 2, pro-
cesses substantially the same as or similar to those of
Example 6 were performed to thereby manufacture an OLED
device.

Example 8

[0105] Except for the forming of an EML using (utilizing)
a quantum dot prepared in accordance with Example 3, pro-
cesses substantially the same as or similar to those of
Example 6 were performed to thereby manufacture an OLED
device.

Example 9

[0106] Except for the forming of an EML using (utilizing)
a quantum dot prepared in accordance with Example 4, pro-
cesses substantially the same as or similar to those of
Example 6 were performed to thereby manufacture an OLED
device.

Example 10

[0107] Except for the forming of an EML using (utilizing)
a quantum dot prepared in accordance with Example 5, pro-
cesses substantially the same as or similar to those of
Example 6 were performed to thereby manufacture an OLED
device.

Comparative Example 4

[0108] Except for the forming of an EML using (utilizing)
a quantum dot prepared in accordance with Comparative
Example 3, processes substantially the same as or similar to
those of Example 6 were performed to manufacture an OLED
device.

Evaluation of Quantum Efficiencies of Quantum Dots
According to Reactions for Formations of Shells and Ligands

[0109] To evaluate quantum efficiencies of quantum dots in
accordance with a reaction for the formation of a shell and a
ligand, sizes of quantum dots prepared according to
Examples 1 to 3 and Comparative Example 1 were measured
using (utilizing) a transmission electron microscope (TEM),
and their quantum efficiencies were also measured. The
results are shown in Table 1.

TABLE 1
Quantum Efficiency
Quantum Dot Size (nm) (%)
Example 1 10-12 73
Example 2 10-12 87
Example 3 12-13 109
Comparative Example 1 8 38
[0110] Asshownin Table 1, quantum dots prepared accord-

ing to Examples 1 to 3 had sizes larger than (or equal to) about
10 nm and high quantum efficiencies. Thus, a quantum dot
may have alarge size, a uniform size distribution and a spheri-
cal shape in proportion to the increase of a reaction time. In
addition, the quantum efficiency of the quantum dot may be
increased proportionally as the reaction time increases.
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Bvaluation of Quantum Efficiencies of Quantum Dots
According to Ligands

[0111] To evaluate quantum efficiencies of quantum dots in
accordance with ligands, quantum dots prepared according to
Example 1 and Comparative Example 2 were repeatedly
washed, and their quantum efficiencies were measured. The
results are shown in the following Table 2.

TABLE 2
The repeated number
of Washing Process Quantum Efficiency
Quantum Dot (time) (%)
Example 1 0 73
1 73
2 73
3 73
Comparative Example 2 0 73
1 69
2 58
3 54

[0112] As shown in Table 2, while the quantum efficiency
of the quantum dot prepared according to Example 1 was not
reduced after repeatedly performing the washing process, the
quantum efficiency of the quantum dot prepared according to
Comparative Example 2 was rapidly reduced in proportion to
the number of the washing process. Thus, a strong chemical
bonding may be generated between the shell and the ligand of
the quantum dot prepared according to Example 1, and the
quantum dot according to Example 1 may continuously have
good quantum characteristics.

Evaluation of Quantum Efficiencies of Quantum Dots
According to an Additional Shell

[0113] To evaluate quantum efficiencies of quantum dots as
an additional shell was formed, the initial quantum efficien-
cies of the quantum dots prepared according to Examples 4
and 5 were measured, and their changes according to repeat-
edly performing a washing process were measured. The
results are shown in Table 3.

TABLE 3

The repeated number

Quantum Dot of Washing Process (time)  Quantum Efficiency (%)

43
38
36
35
34

Example 4

Example 5

XN NOON DD

[0114] As shown in Table 3, the quantum dot prepared
according to Examples 5 had quantum efficiency higher than
that of the quantum dot prepared according to Example 4,
which was not reduced after repeatedly performing the wash-
ing process. Thus, a quantum dot including an additional shell
may have more improved quantum efficiency while the quan-
tum efficiency of the quantum dot including the additional
shell may not be reduced even though chemical bonding
between a shell and a ligand becomes weak.
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Evaluation I of Properties of OLED Devices According to
EMLs

[0115] To evaluate properties of OLED devices in accot-
dance with emission characteristics of EMLs, maximum cur-
rent efficiencies and maximum external quantum efficiencies
of the OLED devices prepared according to Examples 6 to 10
were measured. The results are shown in the following Table
4.

TABLE 4

Maximum Maximum External
OLED Current Efficiency Quantum Efficiency
device (Cd/A) (%)
Example 6 0.4 1.1
Example 7 0.7 1.8
Example 8 2.2 7.1
Example 9 2.1 0.5
Example 10 46.4 12.6

[0116] As shown in Table 4, the maximum current efficien-

cies and the maximum external quantum efficiencies of the
OLED devices including the EMLs were increased in propor-
tion to the increase of a reaction time for forming the shells
and ligands of the quantum dot included in the EMLs (refer to
the data according to Examples 6 to 8). In addition, the OLED
devices manufactured using (utilizing) the quantum dots
including the additional shells had the maximum current effi-
ciencies and maximum external quantum efficiencies higher
than those of the OLED device manufactured using (utilizing)
a quantum dot including no additional shell (refer to the data
according to Examples 9 to 10).

[0117] Thus, an EML may have increased emission char-
acteristics in proportion to the increase of reaction time, and
also have more increased emission characteristics when a
quantum dot additionally includes an additional shell. As a
result, an OLED device including such EML. may have good
electrical characteristics, e.g., high luminance, high current
efficiency, low current density, etc.

Evaluation II of Properties of OLED Devices According to
EMLs

[0118] To evaluate properties of OLED devices in accor-
dance with emission characteristics of EMLs, maximum
luminances and maximum current efficiencies of the OLED
devices prepared according to Examples 8 to 10 and Com-
parative Example 4 were measured. The results are shown in
Table 5.

TABLE 5
Maximum
Maximum Luminance  Current Efficiency

OLED device (Cd/A) (Cd/A)
Example 8 2624 2.2

Example 9 9010 2.1

Example 10 85700 46.4
Comparative Example 4 379 0.3

[0119] As shown in Table 5, while the OLED device pre-

pared according to Comparative Example 4 exhibited low
luminance and low current efficiency, the OLED device
according to Example 8 had about seven times higher maxi-
mum luminance and about ten times higher maximum current
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efficiency than those of the OLED device according to Com-
parative Example 4. In addition, the OLED prepared accord-
ing to Example 10 had about ten times higher maximum
luminance and thirteen times higher maximum current effi-
ciency than those of the OLED device according to Example
9.
[0120] Thus, electrical characteristics of an OLED device
may be increased in accordance with a ligand of a quantum
dot used for formation of an EML in the OLED device, i.e., in
proportion to the increase of chemical bonding between the
ligand and the shell of the quantum dot. Additionally, when a
quantum dot including an additional shell is used (utilizing)
to form an EML, an OLED device may have more improved
electrical characteristics.
[0121] According to example embodiments, the quantum
dot of the invention may be employed in various display
devices including an OLED device, an LCD device, a trans-
parent flexible display device or other display devices so as to
improve the quality of images and electrical properties.
[0122] The foregoing is illustrative of example embodi-
ments and is not to be construed as limiting thereof. Although
a few example embodiments have been described, those
skilled in the art will readily appreciate that many modifica-
tions are possible in the example embodiments without mate-
rially departing from the novel teachings and enhancements
of the invention. Accordingly, all such modifications are
intended to be included within the scope of the invention as
defined in the claims, and equivalents thereof. Therefore, it is
to be understood that the foregoing is illustrative of various
example embodiments and is not to be construed as limited to
the specific example embodiments disclosed, and that modi-
fications to the disclosed example embodiments, as well as
other example embodiments, are intended to be included
within the scope of the appended claims, and equivalents
thereof.
What is claimed is:
1. A method of manufacturing a quantum dot, the method
comprising:
forming a core utilizing at least one cation precursor and at
least one anion precursor;
reacting the core with a shell forming precursor and a
ligand forming precursor for more than one hour to form
a shell surrounding the core and a ligand; and
washing a nanoparticle comprising the core, the shell and
the ligand.
2. The method of claim 1, wherein the forming of the core
comprises:
forming a mixture comprising the at least one cation pre-
cursor, an organic solvent and an unsaturated fatty acid,
the cation precursor being selected from the group con-
sisting of an element in Group XII and an element in
Group XIII;
heating the mixture; and
adding the at least one anion precursor to the mixture to
react the anion precursor and the cation precursor, the
anion precursor being selected from the group consist-
ing of'an element in Group XV and an element in Group
XVIL
3. The method of claim 1, wherein the cation precursor
comprises zine (Zn), cadmivm (Cd) and/or indium (In), and
the anion precursor comprises sulfur (S), selenium (Se), tel-
lurium (Te) and/or phosphorous (P).
4. The method of claim 1, wherein the shell forming pre-
cursor comprises at least one element in Group XVI.
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5. The method of claim 1, wherein the ligand forming
precursor comptises oleic acid and/or trialkylphosphine.

6. The method of claim 1, wherein the reacting of the core
with the shell forming precursor and the ligand forming pre-
cursor comprises:

reacting a first shell forming precursor with the core to

form a first shell enclosing the core;

reacting a second shell forming precursor with the core and

the first shell to form a second shell enclosing the first
shell; and

reacting the ligand forming precursor with the core and the

first and second shells to form the ligand on a surface of
the second shell.

7. The method of claim 6, wherein the first shell forming
precursor comprises at least one element in Group XVI.

8. The method of claim 6, wherein the second shell forming
precursor comprises at least one element in Group XII and at
least one element in Group XVI.

9. The method of claim 1, wherein the washing of the
nanoparticle comprises:

precipitating the nanoparticle in a non-polar solvent; and

centrifuging the nanoparticle.

10. A quantum dot comprising:

acore;

a first shell and a second shell enclosing the core; and

a ligand on a surface of the second shell.

11. The quantum dot of claim 10, wherein the quantum dot
has a size above about 10 nm.

12. The quantum dot of claim 10, wherein the first shell has
a gradient composition and the second shell has a constant
composition.
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13. The quantum dot of claim 10, wherein each of the first
and the second shells comprises at least one element in Group
XII and at least one element in Group X VL.

14. The quantum dot of claim 10, wherein the ligand com-
prises oleate.

15. The quantum dot of claim 10, wherein the ligand com-
prises oleate and trioctylphosphine.

16. The quantum dot of claim 10, wherein the core com-
prises a reaction product of at least one cation precursor and
at least one anion precursor, the cation precursor is selected
from the group consisting of an element in Group XII and an
element in Group XIII, and the anion precursor is selected
from the group consisting of an element in Group XV and an
element in Group XVI.

17. The quantum dot of claim 10, wherein the core has a
blue emission color or a green emission color.

18. A method of manufacturing an organic light emitting
display device, the method comprising:

forming an anode on a substrate;

forming a hole injection layer (HIL) on the anode;

forming a hole transport layer (HTL) on the HIL;

forming an emitting layer (EML) on the HTL utilizing a

quantum dot having a size above about 10 nm, the quan-
tum dot comprising a core, a first shell and a second shell
enclosing the core, and a ligand on a surface of the
second shell;

forming an electron transport layer (ETL) on the EML; and

forming a cathode on the ETL.

19. The method of claim 18, wherein the HTL comprises
polyvinylcarbazole.

20. The method of claim 18, wherein the forming of the
EML on the HTL comprises dispersing the quantum dot on
the HTL utilizing a solvent comprising hexane.

I S T
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