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(57) ABSTRACT 

A nanocrystal electroluminescence device comprising a 
polymer hole transport layer, a nanocrystal light-emitting 
layer and an organic electron transport layer Wherein the 
nanocrystal light-emitting layer is independently and sepa 
rately formed betWeen the polymer hole transport layer and 
the organic electron transport layer. According to the nanoc 
rystal electroluminescence device, since the hole transport 
layer, the nanocrystal light-emitting layer and the electron 
transport layer are completely separated from one another, 
the electroluminescence device provides a pure nanocrystal 
luminescence spectrum having limited luminescence from 
other organic layers and substantially no in?uence by opera 
tional conditions, such as voltage. Further, a method for 
fabricating the nanocrystal electroluminescence device. 
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NANOCRYSTAL ELECTROLUMINESCENCE 
DEVICE AND FABRICATION METHOD THEREOF 

BACKGROUND OF THE INVENTION 

[0001] This non-provisional application claims priority 
under 35 U.S.C. 119(a) on Korean Patent Application No. 
42200 ?led on Jun. 9, 2004 Which is herein expressly 
incorporated by reference. 

[0002] 1. Field of the Invention 

[0003] The present invention relates to an electrolumines 
cence device, and a method for fabricating the electrolumi 
nescence device. More particularly, the present invention 
relates to a nanocrystal electroluminescence device com 
prising a polymer hole transport layer, a nanocrystal light 
emitting layer and an organic electron transport layer 
Wherein the nanocrystal light-emitting layer is indepen 
dently and separately formed betWeen the polymer hole 
transport layer and the organic electron transport layer, and 
a method for fabricating the nanocrystal electrolumines 
cence device. 

[0004] 2. Description of the Related Art 

[0005] A nanocrystal is de?ned as a material having a 
crystal structure at the nanometer-scale level, and consists of 
a feW hundred to a feW thousand atoms. Since the small 
siZed nanocrystal has a large surface area per unit volume, 
most of the atoms constituting the nanocrystal are present at 
the surface of the nanocrystal. Based on this structure, the 
nanocrystal exhibits quantum con?nement effects, and 
shoWs electrical, magnetic, optical, chemical and mechani 
cal properties different from those inherent to the constituent 
atoms of the nanocrystal. That is, the control over the 
physical siZe of the nanocrystal enables the control of 
various properties. 

[0006] Vapor deposition processes, such as metal organic 
chemical deposition (MOCVD) and molecular beam epitaxy 
(MBE), have been conventionally used to prepare nanoc 
rystals. On the other hand, a Wet chemistry technique 
Wherein a precursor material is added to an organic solvent 
to groW nanocrystals to a desired siZe has made remarkable 
progress in the past decade. According to the Wet chemistry 
technique, as the crystals are groWn, the organic solvent is 
naturally coordinated to the surface of the quantum dot 
crystals and acts as a dispersant. Accordingly, the organic 
solvent alloWs the crystals to groW to the nanometer-scale 
level. The Wet chemistry technique has an advantage in that 
nanocrystals can be uniformly prepared in siZe and shape in 
a relatively simple manner at loW cost, compared to con 
ventional vapor deposition processes, e.g., MOCVD and 
MBE. 

[0007] HoWever, since nanocrystals prepared by the Wet 
chemistry technique are commonly separated and are then 
dispersed in an organic solvent, techniques for forming a 
thin ?lm of the nanocrystals in a solid state are required in 
order to apply the nanocrystals to electroluminescence 
devices. 

[0008] In nanocrystal electroluminescence devices 
reported hitherto, the nanocrystals are used as luminescent 
materials, or have functions of light emission, in combina 
tion With charge transport. The ?rst electroluminescence 
device employing nanocrystals Was suggested in US. Pat. 
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No. 5,537,000. The electroluminescence device is formed 
using one or more layers of nanocrystals as an electron 
transport layer, and preferably capable of emitting light. 
Accordingly, the luminescence Wavelengths of the electrolu 
minescence device are varied in response to the changes in 
the voltages applied to the device. 

[0009] PCT publication WO/03/084292 teaches a device 
Wherein a layer of an organic-inorganic hybrid matrix con 
taining nanocrystals is disposed betWeen tWo electrodes. 
Speci?cally, the device is fabricated by mixing nanocrystals 
and a loW molecular Weight hole transporting material, such 
as N,N-diphenyl-N,N-bis(3-methylphenyl)-(1,1-biphenyl) 
4,4-diamine (TPD), With a solvent, and spin coating the 
mixture on an electrode. When the coating conditions and 
the mixing ratio betWeen the nanocrystals and the hole 
transporting material are appropriately controlled, a nanoc 
rystal layer is formed on top of a hole transport layer due to 
the difference in the intermolecular force or density betWeen 
the nanocrystals and the hole transporting material. HoW 
ever, although the nanocrystal layer is formed on top of the 
hole transport layer, the hole transporting material is mixed 
With the nanocrystals in the transport layer. Accordingly, the 
overlying electron transport layer is in contact With the hole 
transport layer, and thus the hole and electron transport 
layers as Well as the nanocrystal layer emit light. To solve 
this problem, the PCT publication discloses a technique for 
arranging a hole blocking layer on a thin ?lm of the hole 
transport layer containing the nanocrystals, folloWed by 
forming the electron transport layer on the hole blocking 
layer. MeanWhile, the hole transporting material mixed With 
the nanocrystals has a loW molecular Weight. If a polymer is 
used as the hole transporting material, its solubility is loW 
and thus the polymer is limited to material Which can be 
dissolved in solvents Which dissolve the nanocrystal. 
Although the polymer Which can be dissolved are used, the 
solubility of the polymer is not suf?ciently high, rendering 
it dif?cult to control the thickness of the nanocrystal layer 
and the hole transport layer. 

[0010] US. Pat. No. 6,049,090 describes a device Wherein 
a mixed layer of nanocrystals and a matrix as a light 
emitting layer is disposed betWeen tWo electrodes. Accord 
ing to the device, the matrix is selected to have a Wider 
bandgap energy, a higher conduction band energy level and 
a loWer valence band energy level than the nanocrystals so 
as to alloW the nanocrystals to emit light Well and trap 
electrons and holes in nanocrystals, thereby enhancing the 
luminescence ef?ciency of the device. 

[0011] As stated above, the conventional electrolumines 
cence devices employing nanocrystals as luminescent mate 
rials are devices Wherein the nanocrystals have functions of 
light emission in combination With charge transport, are 
mixed With a hole transporting material to form a mixed 
layer, or are mixed With a hole transporting material and 
coated to form a nanocrystal layer separately formed on a 
hole transport layer due to the density difference depending 
on the processing conditions. HoWever, since none of these 
conventional electroluminescence devices provide a pure 
nanocrystal luminescence spectrum, they have a problem of 
loW color purity. 

OBJECTS AND SUMMARY 

[0012] Therefore, the present invention has been made in 
vieW of the above problems of the related art, and it is an 
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object of the present invention to provide an electrolumi 
nescence device comprising a polymer hole transport layer, 
a nanocrystal light-emitting layer and an organic electron 
transport layer Wherein the nanocrystal light-emitting layer 
is independently and separately formed betWeen the polymer 
hole transport layer and the organic electron transport layer, 
thereby providing a pure nanocrystal luminescence spec 
trum and increasing the color purity of the electrolumines 
cence device. 

[0013] It is another object of the present invention to 
provide a method for fabricating the electroluminescence 
device Wherein materials for a hole transport layer can be 
selected, regardless of the solubility in a solvent Which 
disperses nanocrystals. 
[0014] In accordance With one aspect of the present inven 
tion, the above objects can be accomplished by an electrolu 
minescence device comprising a polymer hole transport 
layer, a nanocrystal light-emitting layer and an organic 
electron transport layer Wherein the nanocrystal light-emit 
ting layer in contact With the polymer hole transport layer is 
separately formed betWeen the polymer hole transport layer 
and the organic electron transport layer. 

[0015] In accordance With another aspect of the present 
invention, there is provided a method for fabricating the 
electroluminescence device, comprising the steps of: pat 
terning a hole-injecting anode on a substrate and forming a 
polymer hole transport layer thereon; coating a nanocrystal 
dispersion on the polymer hole transport layer to form a 
nanocrystal light-emitting layer; forming an organic electron 
transport layer on the nanocrystal light-emitting layer; and 
forming an electron-injecting cathode on the organic elec 
tron transport layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The above and other objects, features and other 
advantages of the present invention Will be more clearly 
understood from the folloWing detailed description taken in 
conjunction With the accompanying draWings, in Which: 

[0017] FIG. 1 is a cross-sectional vieW schematically 
shoWing a nanocrystal electroluminescence device accord 
ing to one embodiment of the present invention; 

[0018] FIG. 2 shoWs cross-sectional vieWs illustrating the 
steps of a method for fabricating a nanocrystal electrolumi 
nescence device according to one embodiment of the present 

invention; 
[0019] FIG. 3a is a partial cross-sectional vieW schemati 
cally shoWing a conventional electroluminescence device in 
Which after a mixture of nanocrystals and a hole transporting 
material is coated, the resulting hole transport layer and 
nanocrystal layer are incompletely separated from each 
other; FIG. 3b is a partial cross-sectional vieW shoWing 
another conventional electroluminescence device in Which 
after a mixture of nanocrystals and a hole transporting 
material is coated, the nanocrystals are uniformly dispersed 
in the hole transporting material to form one mixed layer; 
and FIG. 3c is a partial cross-sectional vieW schematically 
shoWing a nanocrystal electroluminescence device of the 
present invention in Which after a hole transporting material 
is coated to form a thin ?lm, baked, and coated With 
nanocrystals, a nanocrystal light-emitting layer is com 
pletely separated from a hole transport layer; 
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[0020] FIG. 4 is a photoluminescence spectrum of silica 
nanocrystals surface-bound by a photosensitive compound, 
Which is prepared in Preparative Example 1 of the present 
invention; 

[0021] FIG. 5 is a photoluminescence spectrum of silica 
nanocrystals surface-bound by a photosensitive compound, 
Which is prepared in Preparative Example 2 of the present 
invention; 

[0022] FIGS. 6a and 6b are luminescence spectra of 
electroluminescence devices fabricated in Examples 1 and 2 
of the present invention according to the changes in the 
voltages applied to the devices, respectively; 

[0023] FIG. 7 shoWs luminescence spectra of an electrolu 
minescence device fabricated in Example 3 of the present 
invention according to the changes in the voltages applied to 
the device; and 

[0024] FIG. 8 shoWs luminescence spectra of a conven 
tional electroluminescence device fabricated in Comparative 
Example 1 according to the changes in the voltages applied 
to the device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0025] The present invention Will noW be described in 
more detail With reference to the accompanying draWings. 

[0026] An electroluminescence device according to the 
present invention comprises a polymer hole transport layer, 
a nanocrystal light-emifting layer and an organic electron 
transport layer Wherein the nanocrystal light-emitting layer 
in contact With the polymer hole transport layer is separately 
and independently formed betWeen the polymer hole trans 
port layer and the organic electron transport layer. 

[0027] FIG. 1 is a cross-sectional vieW schematically 
shoWing the nanocrystal electroluminescence device accord 
ing to one embodiment of the present invention. Referring to 
FIG. 1, the electroluminescence device of the present inven 
tion comprises an anode 20, a polymer hole transport layer 
30, a nanocrystal light-emitting layer 40, an organic electron 
transport layer 50, and a cathode 60 layered in this order on 
a transparent substrate 10. The polymer hole transport layer 
30 is formed of a material capable of transporting holes, and 
the electron transport layer 50 is made of a material capable 
of transporting electrons. When a voltage is applied betWeen 
the tWo electrodes, the anode 20 injects holes into the hole 
transport layer 30, and the cathode 60 injects electrons into 
the electron transport layer 50. The injected holes are 
combined With the injected electrons at the same molecules 
to form exciton pairs, and then the exciton pairs are recom 
bined to emit light. 

[0028] Optionally, the electroluminescence device of the 
present invention further comprises a hole injection layer 
interposed betWeen the anode 20 and the hole transport layer 
30; an electron blocking layer, a hole blocking layer or an 
electron/hole blocking layer interposed betWeen the hole 
transport layer 30 and the nanocrystal light-emitting layer 
40; or an electron blocking layer, a hole blocking layer or an 
electron/hole blocking layer interposed betWeen the nanoc 
rystal light-emitting layer 40 and the electron transport layer 
50. 
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[0029] The transparent substrate 10 used in the electrolu 
minescence device of the present invention may be a sub 
strate used in common organic electroluminescence devices. 
A glass or transparent plastic substrate is preferred in terms 
of superior transparency, superior surface smoothness, ease 
of handling, and excellent Waterproofness. Speci?c 
examples of the transparent substrate include polyethylene 
terephthalate, polycarbonate substrates, and the like. The 
thickness of the transparent substrate 10 is preferably in the 
range of 0.3~1.1 mm. 

[0030] The anode 20 formed on the transparent substrate 
10 may be made of an electrically conductive metal or its 
oxide so that it can easily injects holes. As speci?c examples, 
indium tin oxide (ITO), indium Zinc oxide (IZO), nickel 
(Ni), platinum (Pt), gold (Au), silver (Ag), and iridium (Ir) 
may be mentioned. 

[0031] Examples of materials for the hole transport layer 
30 include, but are not limited to, poly(3,4-ethylenediox 
ythiophene) (PEDOT)/polystyrene para-sulfonate (PSS), 
poly-N-vinylcarbaZole derivatives, polyphenylenevinylene 
derivatives, polyparaphenylene derivatives, polymethacry 
late derivatives, poly(9,9-octyl?uorene) derivatives, 
poly(spiro-?uorene) derivatives, and the like. The thickness 
of the hole transport layer 30 is preferably in the range of 10 
nm to 100 nm. 

[0032] Materials commonly used in the art can be used to 
form the organic electron transport layer 50. Speci?c 
examples of materials for the organic electron transport 
layer 50 include, but are not limited to, oxaZoles, isoox 
aZoles, triaZoles, isothiaZoles, oxydiaZoles, thiadiaZoles, 
perylenes, and aluminum complexes, including tris(8-hy 
droxyquinoline)-aluminum (Alq3), Balq, Salq and Almq3. 
The thickness of the organic electron transport layer 50 is 
preferably betWeen 10 nm and 100 nm. 

[0033] Suitable materials for the electron blocking layer, 
the hole blocking layer or the electron/hole blocking layer 
are those commonly used in the art. Speci?c examples 
include, but are not limited to, 3-phenyl-4-(1-naphthyl)-5 
phenyl-1,2,4-triaZole (TAZ), 2,9-dimethyl-4,7-diphenyl-1, 
10-phenanthroline (BCP), phenanthrolines, imidaZoles, tria 
Zoles, oxadiaZoles, and aluminum complexes. The thickness 
of the electron blocking layer, hole blocking layer and 
electron/hole blocking layer is preferably in the range of 5 
nm to 50 nm. 

[0034] Examples of materials for the electron-injecting 
cathode 60 include, but are not limited to, metals having a 
sufficiently loW Work function to easily inject electrons, such 
as [I], Ca, Ba, Ca/Al, LiF/Ca, LiF/Al, BaFz/Al, BaF2/Ca/Al, 
Al, Mg, and AgzMg alloys. The thickness of the cathode is 
preferably in the range of 50 nm to 300 nm. 

[0035] Nanocrystals that can be used in the present inven 
tion include most of the nanocrystals prepared by a Wet 
chemistry technique, such as metal nanocrystals and semi 
conductor nanocrystals. Speci?cally, the nanocrystal light 
emitting layer 40 is made of at least one material selected 
from the group consisting of metal nanocrystals, such as Au, 
Ag, Pt, Pd, Co, Cu and Mo, Group II-VI compound semi 
conductor nanocrystals, such as CdS, CdSe, CdTe, ZnS, 
ZnSe, ZnTe, HgS, HgSe and HgTe, and Group III-V com 
pound semiconductor nanocrystals, such as GaN, GaP, 
GaAs, InP and InAs, and PnS, PbSe, PbTe. If the nanocrystal 
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light-emitting layer is made of a mixture of tWo or more 
nanocrystals, the nanocrystals may exist in the state of a 
simple mixture, fused crystals in Which the nanocrystals are 
partially present in the same crystal structure, or an alloy. 
The thickness of the nanocrystal light-emitting layer is 
betWeen 3 nm and 30 nm. 

[0036] The present invention is directed to a method for 
fabricating the nanocrystal electroluminescence device. 
According to the method of the present invention, a polymer 
hole transporting material is coated on a hole-injecting 
anode by various coating processes, and baked to form a 
rigid thin ?lm of a polymer hole transport layer. A nanoc 
rystal dispersion is coated on the polymer hole transport 
layer by various coating processes to form a thin ?lm of a 
nanocrystal light-emitting layer. At this time, the nanocrystal 
dispersion is prepared by dispersing nanocrystals in a sol 
vent Which does not dissolve the polymer hole transport 
layer. The nanocrystal light-emitting layer thus formed is 
separated from the polymer hole transport layer. Thereafter, 
an organic electron transport layer and an electron-injecting 
cathode are sequentially formed on the nanocrystal light 
emitting layer. 
[0037] FIG. 2 shoWs cross-sectional vieWs illustrating the 
steps of the method for fabricating the electroluminescence 
device shoWn in FIG. 1, in accordance With the present 
invention. Referring to FIG. 2, a hole-injecting anode 20 is 
patterned on a substrate 10, and then a polymer hole 
transporting material is coated on the substrate 10 by various 
coating processes, such as spin coating, to form a polymer 
hole transport layer 30. The polymer hole transport layer 30 
is then baked into a rigid thin ?lm so that the polymer hole 
transport layer is not damaged in the subsequent formation 
step of a nanocrystal light-emitting layer. Next, a nanocrys 
tal dispersion is coated on the polymer hole transport layer 
30 by various coating processes, such as spin coating, to 
form a nanocrystal light-emitting layer 4. At this time, the 
nanocrystal dispersion is prepared by dispersing nanocrys 
tals in a solvent Which does not substantially dissolve the 
polymer hole transport layer 30. Thereafter, an organic 
electron transport layer 50 is formed on the nanocrystal 
light-emitting layer 40, and then a cathode is formed thereon 
to form the ?nal electroluminescence device. 

[0038] The substrate 10 on Which the anode 20 is pat 
terned is commonly Washed With solvents, such as a neutral 
detergent, deioniZed Water, acetone and isopropyl alcohol, 
and is then subjected to UV-oZone and plasma treatment. 

[0039] According to the method of the present invention, 
the nanocrystal light-emitting layer is formed in accordance 
With the folloWing procedure. Nanocrystals surface-bound 
by a photosensitive compound are dispersed in a solvent 
Which does not damage the polymer hole transport layer to 
obtain a nanocrystal dispersion. The nanocrystal dispersion 
is coated on the polymer hole transport layer to form a thin 
?lm of the nanocrystals. Altematively, nanocrystals surface 
bound by a material containing no photosensitive functional 
group and a photosensitive compound are dispersed in a 
solvent Which does not damage the polymer hole transport 
layer to obtain a nanocrystal dispersion. The nanocrystal 
dispersion is coated on the polymer hole transport layer to 
form a thin ?lm of the nanocrystals. 

[0040] The solvent Which does not damage the hole trans 
port layer and can disperse the nanocrystals is selected from 
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the group consisting of Water, pyridine, ethanol, propanol, 
butanol, pentanol, hexanol, toluene, chloroform, chloroben 
Zene, THF, cyclohexane, cyclohexene, methylene chloride, 
pentane, hexane, heptane, octane, nonane, decane, unde 
cane, dodecane, and mixtures thereof. 

[0041] Prior to coating the organic electron transporting 
material on the nanocrystal light-emitting layer 40, the 
nanocrystal light-emitting layer 40 can be exposed to UV 
light at a Wavelength of 200 nm to 450 nm to crosslink it. 
The luminescence Wavelength of the nanocrystal light 
emitting layer 40 is in the range of 350 nm to 1,300 nm. 

[0042] The solvent Which does not damage the nanocrystal 
light-emitting layer, the polymer hole transporting material, 
and the hole transport layer, and can disperse the nanocrys 
tals is as described above. The concentration of the nanoc 
rystal dispersion is preferably betWeen 0.01 Wt % and 10 Wt 
%, more preferably betWeen 0.1 Wt % and 5 Wt %, and most 
preferably betWeen 0.2 Wt % and 2 Wt %. 

[0043] As the material for the organic electron transport 
layer 50, a loW- or high-molecular Weight material can be 
used. Vacuum deposition and Wet coating can be employed 
as the coating processes. The ?rst process for forming the 
organic electron transport layer 50 by Wet coating is per 
formed by the folloWing procedure. Nanocrystals surface 
bound by a photosensitive compound are formed into a thin 
?lm of the nanocrystals, and exposed to UV light to 
crosslink the thin ?lm, thereby making the thin ?lm 
insoluble in a solvent containing an electron transporting 
material. Thereafter, the organic electron transporting mate 
rial is Wet-coated on the nanocrystal layer to form the 
organic electron transport layer 50. The second process for 
forming the organic electron transport layer 50 by Wet 
coating is performed by the folloWing procedure. Nanoc 
rystals surface-bound by a material containing no photosen 
sitive functional group, and a photosensitive compound are 
thoroughly mixed, formed into a thin ?lm of the nanocrys 
tals, and exposed to UV light to crosslink the photosensitive 
material, thereby forming a netWork structure. The netWork 
structure traps the nanocrystals, Which makes the thin ?lm 
insoluble in a solvent containing an electron transporting 
material. Thereafter, the organic electron transporting mate 
rial is Wet-coated on the nanocrystal layer to form the 
organic electron transport layer 50. 

[0044] The organic material surface-bound to the nanoc 
rystals contains at least one functional group selected from 
the group consisting of acetyl, acetic acid, phosphine, phos 
phonic acid, alcohol, vinyl, carboxyl, amide, phenyl, amine, 
acryl, silane, cyano and thiol groups at one or both terminals 
of its alkyl chain or aromatic moiety. 

[0045] The photosensitive compound surface-bound to the 
nanocrystals contains a double bond, a carboxyl group, an 
amide group, a phenyl group, a biphenyl group, a peroxide 
group, an amine group, an acryl group, or the like. 

[0046] The method for fabricating the electrolumines 
cence device according to the present invention may further 
comprise the step of inserting a hole injection layer betWeen 
the anode and the hole transport layer; inserting an electron 
blocking layer betWeen the light-emitting layer and the hole 
transport layer; or inserting a hole blocking layer betWeen 
the nanocrystal light-emitting layer and the electron trans 
port layer. 
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[0047] FIGS. 3a and 3b shoW states Wherein a mixture of 
nanocrystals and a organic hole transporting material is 
coated by spin coating to form thin ?lms. The organic hole 
transporting material used herein may be a loW- or high 
molecular Weight material. FIG. 3a shoWs a state Wherein 
after a mixture of nanocrystals and a organic hole transport 
ing material is spin-coated, a nanocrystal layer is formed on 
top of a hole transport layer due to the difference in the 
intermolecular force or density betWeen the nanocrystals and 
the hole transporting material. HoWever, although the 
nanocrystals 25 can form a layer partially separated from the 
hole transporting material, most of the hole transporting 
material is mixed With the nanocrystals in the nanocrystal 
layer. FIG. 3b shoWs a state Wherein nanocrystals 25 are 
uniformly dispersed in a hole transporting material to form 
one mixed layer. FIG. 3c shoWs a state Wherein a nanoc 
rystal light-emitting layer 40 is completely separated from a 
hole transport layer 30 by the method of the present inven 
tion shoWn in FIG. 2. 

[0048] The fabrication of the electroluminescence device 
of the present invention does not require particular fabrica 
tion apparatuses and methods, in addition to the formation of 
the independent and separate nanocrystal light-emitting 
layer. The electroluminescence device of the present inven 
tion can be fabricated in accordance With conventional 
fabrication methods using common luminescent materials. 

[0049] To form the hole transport layer 30 and the electron 
transport layer 50 into thin ?lms, spin coating, dip coating, 
spray coating, blade coating, and other coating processes can 
be used. The exposure of the thin ?lms used in the method 
of the present invention may be carried out by a contact 
exposure or non-contact exposure process. The electron 
transport layer 50 can be formed on the nanocrystal light 
emitting layer 40 by thermal deposition, molecular deposi 
tion or chemical deposition. 

[0050] After formation of the thin ?lms, drying can be 
carried out at 20° C.~300° C. and preferably 40° C.~120° C. 
In addition, the energy for photosensitiZation treatment is 
dependent on the thickness of the thin ?lms, and is prefer 
ably betWeen 50 mJ/cM2 and 850 mJ/cm2. When the expo 
sure energy is out of this range, suf?cient crosslinking is not 
likely to take place, or there is a risk of damage to the thin 
?lm. Light sources usable for the light exposure preferably 
have an energy in the range of about 100 W to about 800 W 
at an effective Wavelength of 200~500 nm and preferably 
300~400 nm. 

[0051] Hereinafter, the present invention Will be explained 
in more detail With reference to the folloWing examples. 
HoWever, these examples are made only for illustrative 
purposes of preferred embodiments and are not to be con 
strued as limiting the scope of the invention. 

PREPARATIVE EXAMPLE 1. 

Preparation of CdSeS Nanocrystals 

[0052] 16 g of trioctyl amine (hereinafter, referred to as 
‘TOA’), 0.5 g of oleic acid, and 0.4 mmol of cadmium oxide 
Were charged into a 125 ml ?ask equipped With a re?ux 
condenser. The reaction temperature of the mixture Was 
adjusted to 300° C. With stirring. Separately, a selenium (Se) 
poWder Was dissolved in trioctyl phosphine (hereinafter, 
referred to as TOP) to obtain an Se-TOP complex solution 
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(Se concentration: about 0.25 M), and a sulfur (S) powder 
Was dissolved in TOP to obtain an S-TOP complex solution 
(S concentration: about 1.0 M). 0.9 ml of the S-TOP 
complex solution and 0.1 ml of the Se-TOP complex solu 
tion Were rapidly fed to the previous mixture, and then 
reacted for 4 minutes With stirring. After the reaction Was 
completed, the reaction mixture Was cooled to room tem 
perature as rapidly as possible. Ethanol as a non-solvent Was 
added to the reaction mixture, and the resulting mixture Was 
then centrifuged. After the obtained precipitates Were sepa 
rated from the mixture by decanting the supernatant, 1 Wt % 
of the precipitates Were dispersed in toluene to prepare a 
dispersion of CdSeS nanocrystals. The nanocrystals emitted 
light green light under a UV lamp at 365 nm. FIG. 4 shoWs 
a photoluminescence spectrum of the dispersion of CdSeS 
nanocrystals. As shoWn in FIG. 4, a photoluminescence 
peak having a full-Width at half maximum (FWHM) of 
about 30 nm Was observed around 552 nm. 

PREPARATIVE EXAMPLE 2. 

Preparation of CdSe/ZnS Nanocrystals 
[0053] 16 g of TOA, 0.5 g of oleic acid, and 0.1 mmol of 
cadmium oxide Were simultaneously charged into a 125 ml 
?ask equipped With a re?ux condenser. The reaction tem 
perature of the mixture Was adjusted to 300° C. With stirring. 
Separately, a Se poWder Was dissolved in TOP to obtain an 
Se-TOP complex solution (Se concentration: about 2 M). 1 
ml of the S-TOP complex solution Was rapidly fed to the 
previous mixture, and then reacted for about 10 seconds With 
stirring. After the reaction Was completed, the reaction 
mixture Was cooled to room temperature as rapidly as 
possible. Ethanol as a non-solvent Was added to the reaction 
mixture, and the resulting mixture Was then centrifuged. 
After the obtained precipitates Were separated from the 
mixture by decanting the supernatant, the precipitates Were 
dispersed in toluene to prepare a dispersion of CdSe nanoc 
rystals. 
[0054] On the other hand, 8 g of TOA and 0.4 mmol of 
Zinc acetate Were simultaneously charged into a 125 ml ?ask 
equipped With a re?ux condenser. The reaction temperature 
of the mixture Was adjusted to 260° C. With stirring. After 
the dispersion of CdSe nanocrystals Was added to the 
reaction mixture, the reaction Was alloWed to proceed for 
about 1 hour While an S-TOP complex solution Was sloWly 
added thereto. After completion of the reaction, the reaction 
mixture Was cooled to room temperature as rapidly as 
possible. Ethanol as a non-solvent Was added to the reaction 
mixture, and the resulting mixture Was then centrifuged. 
After the obtained precipitates Were separated from the 
mixture by decanting the supernatant, the precipitates Were 
dispersed in toluene to prepare a dispersion of CdSe/ZnS 
nanocrystals. The nanocrystals emitted light green light 
under a UV lamp at 365 nm. FIG. 5 shoWs a photolumi 
nescence spectrum of the dispersion of CdSe/ZnS nanoc 
rystals. As shoWn in FIG. 5, a photoluminescence peak 
having a full-Width at half maximum (FWHM) of about 30 
nm Was observed around 527 nm. 

EXAMPLE 1. 

Fabrication of Electroluminescence Device 
Employing CdSeS Nanocrystal Light-emitting 

Layer Dispersed in Octane 
[0055] This example shoWs the fabrication of an electrolu 
minescence device Wherein a nanocrystal light-emitting 
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layer is independently and separately formed. First, an 
ITO-patterned glass substrate Was sequentially Washed With 
a neutral detergent, deioniZed Water, Water and isopropyl 
alcohol, and Was then subjected to UV-oZone treatment. A 
solution of 1 Wt % of poly(9,9‘-dioctyl?uorene-co-N-(4 
butylphenyl)diphenylamine (TFB) in chlorobenZene Was 
spin-coated on the ITO-patterned substrate to a thickness of 
about 50 nm, and then baked at 180° C. for 10 minutes to 
form a hole transport layer. A dispersion of the CdSeS 
nanocrystals (1 Wt %) prepared in Preparative Example 1 in 
octane Was spin-coated on the hole transport layer, and dried 
to form a nanocrystal light-emitting layer having a thickness 
of about 5 nm. At this time, the octane used herein is a 
solvent Which does not dissolve the hole transport layer. 

[0056] (3-4-Biphenyl)-4-phenyl-5-(4-tert-butylphenyl)-1, 
2,4-triaZole (TAZ) Was deposited on the completely dried 
nanocrystal light-emitting layer to form a hole blocking 
layer having a thickness of 10 nm, and then tris(8-hydrox 
yquinoline)-aluminum (Alq3) Was deposited thereon to form 
an electron transport layer having a thickness of about 30 
nm. LiF and aluminum Were sequentially deposited on the 
electron transport layer to thicknesses of 1 nm and 200 nm, 
respectively, to form a cathode, thereby fabricating the ?nal 
electroluminescence device. 

[0057] FIG. 6a shoWs luminescence spectra of the elec 
troluminescence device according to the changes in the 
voltages applied to the device. As shoWn in FIG. 6a, a 
luminescence peak having a full-Width at half maximum 
(FWHM) of about 40 nm Was observed around 556 nm. 

EXAMPLE 2. 

Fabrication of Electroluminescence Device 
Employing CdSeS Nanocrystal Light-emitting 

Layer Dispersed in ChlorobenZene 

[0058] First, an ITO-pattemed glass substrate Was sequen 
tially Washed With a neutral detergent, deioniZed Water, 
Water and isopropyl alcohol, and Was then subjected to 
UV-oZone treatment. A solution of 1 Wt % of poly(9,9‘ 
dioctyl?uorene-co-N-(4-butylphenyl)diphenylamine (TFB) 
in chlorobenZene Was spin-coated on the ITO-patterned 
substrate to a thickness of about 50 nm, and then baked at 
180° C. for 10 minutes to form a hole transport layer. A 
dispersion of 1 Wt % of the CdSeS nanocrystals prepared in 
Preparative Example 1 in chlorobenZene Was spin-coated on 
the hole transport layer, and dried to form a nanocrystal 
light-emitting layer having a thickness of about 5 nm. At this 
time, the chlorobenZene used herein is a solvent Which does 
not dissolve the hole transport layer. 

[0059] (3-4-Biphenyl)-4-phenyl-5-(4-tert-butylphenyl)-1, 
2,4-triaZole (TAZ) Was deposited on the completely dried 
nanocrystal light-emitting layer to form a hole blocking 
layer having a thickness of 10 nm, and then tris(8-hydrox 
yquinoline)-aluminum (Alq3) Was deposited thereon to form 
an electron transport layer having a thickness of about 30 
nm. LiF and aluminum Were sequentially deposited on the 
electron transport layer to thicknesses of 1 nm and 200 nm, 
respectively, to form an electrode, thereby fabricating the 
?nal electroluminescence device. 

[0060] FIG. 6b shoWs luminescence spectra of the elec 
troluminescence device Wherein the nanocrystal light-emit 
ting layer Was independently and separately formed, accord 
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ing to the changes in the voltages applied to the device. As 
shoWn in FIG. 6b, a luminescence peak having a full-Width 
at half maximum (FWHM) of about 50 nm Was observed 
around 556 nm. 

EXAMPLE 3. 

Fabrication of Electroluminescence Device 
Employing CdSe/ZnS Nanocrystal Light-emitting 
Layer Dispersed in Octane and Including No Hole 

Blocking Layer 

[0061] First, an ITO-pattemed glass substrate Was sequen 
tially Washed With a neutral detergent, deioniZed Water, 
Water and isopropyl alcohol, and Was then subjected to 
UV-oZone treatment. A solution of 1 Wt % of poly(9,9‘ 
dioctyl?uorene-co-N-(4-butylphenyl)diphenylamine (TFB) 
in chlorobenZene Was spin-coated on the ITO-patterned 
substrate to a thickness of about 50 nm, and then baked at 
180° C. for 10 minutes to form a hole transport layer. A 
dispersion of the CdSe/ZnS nanocrystals (1 Wt %) prepared 
in Preparative Example 2 in octane Was spin-coated on the 
hole transport layer, and dried to form a nanocrystal light 
emitting layer having a thickness of about 5 nm. At this time, 
the octane used herein is a solvent Which does not dissolve 
the hole transport layer. 

[0062] Tris(8-hydroxyquinoline)-aluminum (Alq3) Was 
deposited on the completely dried nanocrystal light-emitting 
layer to form an electron transport layer having a thickness 
of about 40 nm. LiF and aluminum Were sequentially 
deposited on the electron transport layer to thicknesses of 1 
nm and 200 nm, respectively, to form an electrode, thereby 
fabricating the ?nal electroluminescence device. 

[0063] FIG. 7 shoWs luminescence spectra of the elec 
troluminescence device Wherein the nanocrystal light-emift 
ing layer Was independently and separately formed, accord 
ing to the changes in the voltages applied to the device. As 
shoWn in FIG. 7, a luminescence peak having a full-Width 
at half maximum (FWHM) of about 46 nm Was observed 
around 530 nm. 

COMPARATIVE EXAMPLE 1. 

Fabrication of Conventional Electroluminescence 
Device from Mixed Solution of Hole Transporting 

Material and CdSeS Nanocrystals 

[0064] This comparative example realiZes a method for 
fabricating a conventional electroluminescence device 
Wherein after a mixture of nanocrystals and a hole trans 
porting material is coated, the resulting hole transport layer 
and nanocrystal layer are separated from each other due to 
the difference in the density of the nanocrystals, Which 
results from phase separation arising during the coating. 

[0065] First, an ITO-pattemed glass substrate Was sequen 
tially Washed With a neutral detergent, deioniZed Water, 
Water and isopropyl alcohol, and Was then subjected to 
UV-oZone treatment. A solution of 1 Wt % of poly(9,9‘ 
dioctyl?uorene-co-N-(4-butylphenyl)diphenylamine (TFB) 
and the CdSeS nanocrystals prepared in Preparative 
Example 1 in chlorobenZene Was spin-coated on the ITO 
patterned substrate, and then baked at 180° C. for 10 minutes 
to form a hole transport layer in Which a nanocrystal 
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light-emifting layer Was included. At this time, the Weight 
ratio of the TFB to the CdSeS nanocrystals Was adjusted to 
1:1. 

[0066] (3-4-Biphenyl)-4-phenyl-5-(4-tert-butylphenyl)-1, 
2,4-triaZole (TAZ) Was deposited on the completely dried 
hole transport layer to form a hole blocking layer having a 
thickness of 10 nm, and then tris(8-hydroxyquinoline) 
aluminum (Alq3) Was deposited thereon to form an electron 
transport layer having a thickness of about 30 nm. LiF and 
aluminum Were sequentially deposited on the electron trans 
port layer to thicknesses of 1 nm and 200 nm, respectively, 
to form an electrode, thereby fabricating the ?nal electrolu 
minescence device. 

[0067] FIG. 8 shoWs luminescence spectra of the elec 
troluminescence device according to the changes in the 
voltages applied to the device. It Was con?rmed from FIG. 
8 that the hole transport layer including the nanocrystal 
layer, as Well as the electron transport layers emitted light. 

[0068] As apparent from the foregoing, the electrolumi 
nescence device of the present invention has a direct tran 
sition-type bandgap ranging from the visible to the infrared 
range, and includes a nanocrystal light-emitting layer Which 
is made of nanocrystals With enhanced luminescence ef? 
ciency and is independently and separately formed. Accord 
ingly, the electroluminescence device of the present inven 
tion provides a pure nanocrystal luminescence spectrum 
having limited luminescence from other organic layers and 
substantially no in?uence by operational conditions, such as 
voltage, resulting in a high color purity. In addition, accord 
ing to the method of the present invention, materials for a 
hole transport layer can be selected, regardless of the solu 
bility in a solvent Which disperses nanocrystals. Accord 
ingly, the method of the present invention has an advantage 
in terms of improved Workability. 

[0069] Although the preferred embodiments of the present 
invention have been disclosed for illustrative purposes, 
those skilled in the art Will appreciate that various modi? 
cations, additions and substitutions are possible, Without 
departing from the scope and spirit of the invention as 
disclosed in the accompanying claims. 

What is claimed is: 
1. An electroluminescence device comprising a polymer 

hole transport layer, a nanocrystal light-emitting layer and 
an organic electron transport layer, 

Wherein the nanocrystal light-emitting layer in contact 
With the polymer hole transport layer is independently 
formed betWeen the polymer hole transport layer and 
the organic electron transport layer. 

2. The electroluminescence device according to claim 1, 
Wherein the electroluminescence device has a structure 
consisting of an anode, a polymer hole transport layer, a 
nanocrystal light-emitting layer, an organic electron trans 
port layer, and a cathode layered in this order on a trans 
parent substrate. 

3. The electroluminescence device according to claim 2, 
further comprising a hole injection layer, an electron block 
ing layer, a hole blocking layer or an electron/hole blocking 
layer interposed betWeen the polymer hole transport layer 
and the anode, or betWeen the organic electron transport 
layer and the nanocrystal light-emitting layer. 
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4. The electroluminescence device according to claim 1, 
wherein the nanocrystal light-emitting layer is made of at 
least one material selected from the group consisting of 
metal nanocrystals, Group II-VI compound semiconductor 
nanocrystals, and Group III-V compound semiconductor 
nanocrystals and PbS, PbSe and PbTe, Wherein the metal 
nanocrystals include Au, Ag, Pt, Pd, Co, Cu and M0, the 
Group II-IV compound semiconductor nanocrystals include 
CdS, CdSe, CdTe, ZnS, ZnSe, ZnTe, HgS, HgSe and HgTe, 
the Group III-V compound semiconductor nanocrystals 
include GaN, GaP, GaAs, InP and InAs; and When the 
nanocrystal light-emitting layer is made of a mixture of tWo 
or more nanocrystals, the nanocrystals exist in the state of a 
simple mixture, fused crystals in Which the nanocrystals are 
partially present in the same crystal structure, or an alloy. 

5. The electroluminescence device according to claim 1, 
Wherein the polymer hole transport layer is made of a 
material selected from the group consisting of poly(3,4 
ethylenedioxythiophene) (PEDOT)/polystyrene para-sul 
fonate (PSS), poly-N-vinylcarbaZole derivatives, polyphe 
nylenevinylene derivatives, polyparaphenylene derivatives, 
polymethacrylate derivatives, poly(9,9-octyl?uorene) 
derivatives, and poly(spiro-?uorene) derivatives. 

6. The electroluminescence device according to claim 1, 
Wherein the nanocrystal light-emitting layer has a thickness 
of 3 nm~30 nm. 

7. The electroluminescence device according to claim 1, 
Wherein the electron transport layer is made of a material 
selected from the group consisting of oxaZoles, isooxaZoles, 
triaZoles, isothiaZoles, oxydiaZoles, thiadiaZoles, perylenes, 
tris(8-hydroxyquinoline)-aluminum (Alq3), Balq, Salq and 
Almq3; and has a thickness of 10 nm~100 nm. 

8. The electroluminescence device according to claim 3, 
Wherein the electron blocking layer, the hole blocking layer 
or the electron/hole blocking layer is formed of a material 
selected from the group consisting of 3-phenyl-4-(1-naph 
thyl)-5-phenyl-1,2,4-triaZole (TAZ), 2,9-dimethyl-4,7 
diphenyl-1,10-phenanthroline (BCP), phenanthrolines, imi 
daZoles, triaZoles, oxadiaZoles, and aluminum complexes; 
and has a thickness of 5 nm~50 nm. 

9. A method for fabricating an electroluminescence 
device, comprising the steps of: 

patterning a hole-injecting anode on a substrate and 
forming a polymer hole transport layer thereon; 

coating a nanocrystal dispersion on the polymer hole 
transport layer to form a nanocrystal light-emitting 
layer; 

forming an organic electron transport layer on the nanoc 
rystal light-emitting layer; and 

forming an electron-injecting cathode on the organic 
electron transport layer. 

10. The method according to claim 9, Wherein the nanoc 
rystal light-emitting layer is formed by dispersing nanoc 
rystals surface-bound by a photosensitive compound in a 
solvent Which does not damage the polymer hole transport 
layer to obtain a nanocrystal dispersion, and coating the 
nanocrystal dispersion on the polymer hole transport layer; 
or dispersing nanocrystals surface-bound by a material con 
taining no photosensitive functional group and a photosen 
sitive compound in a solvent Which does not damage the 
polymer hole transport layer to obtain a nanocrystal disper 
sion, and coating the nanocrystal dispersion on the polymer 
hole transport layer. 
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11. The method according to claim 9, Wherein the nanoc 
rystal light-emitting layer is made of at least one material 
selected from the group consisting of metal nanocrystals, 
Group II-VI compound semiconductor nanocrystals, Group 
III-V compound semiconductor nanocrystals, PbS, PbSe and 
PbTe, the metal nanocrystals including Au, Ag, Pt, Pd, Co, 
Cu and M0, the Group II-IV compound semiconductor 
nanocrystals including CdS, CdSe, CdTe, ZnS, ZnSe, ZnTe, 
HgS, HgSe and HgTe, the Group III-V compound semicon 
ductor nanocrystals including GaN, GaP, GaAs, InP and 
InAs; and When the nanocrystal light-emitting layer is made 
of a mixture of tWo or more nanocrystals, the nanocrystals 
exist in the state of a simple mixture, fused crystals in Which 
the nanocrystals are partially present in the same crystal 
structure, or an alloy. 

12. The method according to claim 10, Wherein the 
solvent Which does not damage the hole transport layer and 
disperses the nanocrystals is selected from the group con 
sisting of Water, pyridine, ethanol, propanol, butanol, pen 
tanol, hexanol, toluene, chloroform, chlorobenZene, THF, 
cyclohexane, cyclohexene, methylene chloride, pentane, 
hexane, heptane, octane, nonane, decane, undecane, dode 
cane, and mixtures thereof. 

13. The method according to claim 9, Wherein the electron 
transport layer is formed by spin coating, dip coating, spray 
coating, or blade coating. 

14. The method according to claim 10, Wherein the 
nanocrystal dispersion has a concentration of 0.01 Wt %~10 
Wt %. 

15. The method according to claim 9, Wherein the nanoc 
rystal light-emitting layer has a thickness of 3 nm~30 nm. 

16. The method according to claim 9, Wherein the poly 
mer hole transport layer is made of a material selected from 
the group consisting of poly(3,4-ethylenedioxythiophene) 
(PEDOT)/polystyrene para-sulfonate (PSS), poly-N-vinyl 
carbaZole derivatives, polyphenylenevinylene derivatives, 
polyparaphenylene derivatives, polymethacrylate deriva 
tives, poly(9,9-octyl?uorene) derivatives, and poly(spiro 
?uorene) derivatives. 

17. The method according to claim 9, Wherein the electron 
transport layer is formed on the nanocrystal light-emitting 
layer by thermal deposition, molecular deposition or chemi 
cal deposition. 

18. The method according to claim 9, further comprising 
the step of exposing the nanocrystal light-emitting layer to 
UV light to crosslink it, prior to coating the organic electron 
transporting material on the nanocrystal light-emitting layer. 

19. The method according to claim 10, Wherein the 
photosensitive compound surface-bound to the nanocrystals 
contains a double bond, a carboxyl group, an amide group, 
a phenyl group, a biphenyl group, a peroxide group, an 
amine group, or an acryl group. 

20. The method according to claim 9, further comprising 
the step of inserting a hole injection layer betWeen the anode 
and the hole transport layer; inserting an electron blocking 
layer betWeen the nanocrystal light-emitting layer and the 
hole transport layer; or inserting a hole blocking layer 
betWeen the nanocrystal light-emitting layer and the electron 
transport layer. 


