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(57) ABSTRACT 

A nanoWire light emitting device is provided. The nanoWire 
light emitting device includes a substrate, a ?rst conductive 
layer formed on the substrate, a plurality of nanoWires 
vertically formed on the ?rst conductive layer, each nanoW 
ire comprising a p-doped portion and an n-doped portion, a 
light emitting layer betWeen the p-doped portion and the 
n-doped portion, a second conductive layer formed on the 
nanoWires, and an insulating polymer in Which a light 
emitting material is embedded, ?lling a space betWeen the 
nanoWires. The color of light emitted from the light emitting 
layer varies according to the light emitting material. 
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NANOWIRE LIGHT EMITTING DEVICE 

BACKGROUND OF THE INVENTION 

[0001] This application claims priority from Korean 
Patent Application No. 10-2004-0023805, ?led on Apr. 7, 
2004, in the Korean Intellectual Property Of?ce, the disclo 
sure of Which is incorporated herein in its entirety by 
reference. 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a nanoWire light 
emitting device, and more particularly, to a nanoWire light 
emitting device in Which a light emitting material is formed 
to convert light emitted by nanoWires into different light. 

[0004] 2. Description of the Related Art 

[0005] A light emitting diode (LED) using a gallium 
nitride (GaN) semiconductor is under study. Although the 
GaN-based LED has high light emitting ef?ciency, it has a 
mismatch problem With a substrate, thus making it dif?cult 
to produce a large-siZed device. 

[0006] Technology in Which a light emitting device uses a 
nanostructure such as a nanoWire is being developed. J apa 
nese Patent Laid-Open Publication No. Hei 10-326888 
discloses a light emitting device comprising a nanoWire 
composed of silicon and a method of fabricating the light 
emitting device. After a catalytic layer such as gold is 
deposited on a substrate, the silicon nanoWire is groWn from 
the catalytic layer by ?oWing silicon tetrachloride (SiCl4) 
gas into a reactor. In the light emitting device, emitting 
colors are controlled by controlling a diameter of the nanoW 
1res. 

[0007] The silicon nanoWire light emitting device, 
although being manufactured at a loW cost, has a loW light 
emitting ef?ciency. 

[0008] US. patent Publication No. 2003/0168964 dis 
closes a nanoWire light emitting device having a p-n diode 
structure. In this case, the loWer portion of the nanoWire is 
an n-type nanoWire and the upper portion is a p-type 
nanoWire, and light is emitted from the junction region 
betWeen the tWo portions. Other components are added 
using a vapor phase-liquid phase-solid phase (VLS) method 
in order to fabricate a nanoWire light emitting device having 
the p-n junction structure. In the light emitting device of the 
US. patent Publication, a predetermined ?uorescent mate 
rial is disposed on a transparent substrate in order to provide 
a visible ray of a desired color. 

[0009] As the nanoWire having the p-n junction structure 
is groWn on a catalytic layer, the n-type nanoWire and the 
p-type nanoWire are sequentially formed, thus making it 
dif?cult to obtain a high quality p-n junction structure. 

SUMMARY OF THE INVENTION 

[0010] The present invention provides a light emitting 
device, including a material emitting a predetermined color 
?lling a space betWeen nanoWires. 

[0011] According to an aspect of the present invention, 
there is provided a nanoWire light emitting device compris 
ing: a substrate; a ?rst conductive layer formed on the 
substrate; a plurality of nanoWires vertically formed on the 
?rst conductive layer, each nanoWire comprising a p-doped 
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portion and an n-doped portion; a light emitting layer 
betWeen the p-doped portion and the n-doped portion; a 
second conductive layer formed on the nanoWires; and an 
insulating polymer in Which a light emitting material is 
embedded, ?lling a space betWeen the nanoWires, Wherein a 
color of light emitted from the light emitting layer varies 
according to the light emitting material. 

[0012] The p-doped portion and n-doped portion may be 
doped With dopant atoms When the nanoWires are groWn or 
may be formed by adsorbing organic molecules onto the 
surfaces of the nanoWires. The light emitting layer may be 
a contact boundary betWeen the p-doped portion and the 
n-doped portion. The light emitting layer may be an undoped 
intrinsic portion formed betWeen the p-doped portion and 
the n-doped portion. 

[0013] The light emitting material may be a ?uorescent 
material. Alternatively, light emitting material may be a dye 
or a quantum dot. 

[0014] The insulating polymer in Which the light emitting 
material is embedded may be a colloidal quantum dot. The 
nanoWire light emitting device may further comprise a 
re?ective layer that re?ects light emitted from the nanoW 
1res. 

[0015] The re?ective layer may be disposed beloW the ?rst 
conductive layer and the substrate, and the ?rst conductive 
layer may be composed of a light transmitting material. 
Alternatively, the re?ective layer may be disposed on the 
second conductive layer, and the second conductive layer 
may be a transparent electrode. 

[0016] The n-doped portion may be a portion of the 
nanoWires Where molecules having a loW ioniZation poten 
tial are adsorbed on the surface of the nanoWires. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The above and other features and advantages of the 
present invention Will become more apparent by describing 
in detail exemplary embodiments thereof With reference to 
the attached draWings in Which: 

[0018] FIG. 1 is a cross-sectional vieW of a nanoWire light 
emitting device according to a ?rst exemplary embodiment 
of the present invention; 

[0019] FIG. 2 is a diagram illustrating hoW a ?uorescent 
material, dye, or quantum dot, Which is a light emitting 
material, is embedded in the insulating polymer; 

[0020] FIG. 3 is a diagram illustrating colloidal quantum 
dots in Which organic molecule chains are attached thereto; 
and 

[0021] FIG. 4 is a cross-sectional diagram of a nanoWire 
light emitting device according to a second exemplary 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] A nanoWire light emitting device according to the 
present invention Will become more apparent by describing 
in detail exemplary embodiments thereof With reference to 
the attached draWings. 
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[0023] FIG. 1 is a cross-sectional vieW of a nanoWire light 
emitting device according to a ?rst embodiment of the 
present invention. 

[0024] Referring to FIG. 1, a conductive layer (a ?rst 
electrode layer) 110 is formed on a substrate 100 and a 
plurality of nanoWires 120 are formed roughly at right 
angles to the conductive layer 110. An insulating polymer 
130, in Which a light emitting material is embedded, ?lls a 
space betWeen the nanoWires 120. An electrode layer (a 
second electrode layer) 140 is formed on the nanoWires 120. 

[0025] The nanoWires 120 each have a p-type doped 
portion 122, an n-type doped portion 126 and an intrinsic 
portion 124, Which is a light emitting layer betWeen the 
p-type doped portion 122 and the n-type doped portion 126. 
The intrinsic portion 124 is not doped. 

[0026] The substrate 100 may be a silicon Wafer, a sap 
phire Wafer, or a ?at metal ?lm. If light is to be transmitted 
toWard the substrate 100, the substrate 100 may be a 
transparent substrate such as a sapphire substrate, a quartZ 
substrate, or a glass substrate. 

[0027] The ?rst electrode layer 110 may be a transparent 
electrode layer, for example, an ITO layer. The second 
electrode layer 140 may be formed of aluminum, gold, or 
magnesium by deposition. If light is transmitted through the 
second electrode layer 140, the second electrode layer 140 
may be a transparent electrode layer such as an ITO layer. 

[0028] The nanoWires 120 may emit ultraviolet light or 
blue light. When the nanoWires 120 are composed of ZnO, 
ultraviolet light is emitted. When the nanoWires are com 
posed of Si, infrared light is emitted. When the nanoWires 
are composed of GaN, ultraviolet light or blue light is 
emitted. When the nanoWires are composed of InGaN, blue 
light is emitted. The nanoWires 120 may have a diameter of 
20-100 nm and a length of 1 mm. 

[0029] The nanoWires have a p-i-n junction structure com 
prising the p-doped portion 122, the n-doped portion 126, 
and the intrinsic portion 124. 

[0030] The p-type doped portion 122 is a portion formed 
by adsorbing a p-type dopant into the surface of the nanoW 
ires 120. A molecule having a high electron af?nity such as 
tetra?uoro-tetracyano-quinodimethane (F4-TCNQ), Which 
is an organic electron acceptor molecule, may be used as the 
p-type dopant. Because the p-type dopant takes electrons 
from the corresponding surfaces of the nanoWires 120, holes 
are formed on the surfaces of the nanoWires Where the p-type 
dopant is adsorbed. Thus, the p-type doped portion 122 is 
formed. The p-type doped portion 122 may contain electron 
acceptor atoms therein. 

[0031] The n-type doped portion 126 is a portion formed 
by adsorbing an n-type dopant onto the surface of the 
nanoWires 120. Molecules having a loW ioniZation potential 
such as an organic electron donor molecule or a molecule 
containing at least one of lithium, copper, and Zinc may be 
used as the n-type dopant. For example, copper phthalocya 
nine (CuPc), Zinc phthalocyanine (ZnPc), pentacene, or 
bis(ethylenddithio)tetrathiafulvalene (BEDT-TTF) may be 
used for the n-type dopant. Because the n-type dopant 
provides electrons to the corresponding surfaces of the 
nanoWires 120, free electrons are generated on the surfaces 
of the nanoWires Where the n-type dopant is adsorbed. Thus, 
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the n-type doped portion 126 is formed. The n-type doped 
portion 126 may contain electron donor atoms therein. 

[0032] The insulating polymer 130 prevents electric con 
tact betWeen the nanoWires 120. A ?uorescent material is 
embedded inside the insulating polymer 130 such that 
ultraviolet light emitted from the nanoWires 120 can be 
adsorbed onto the ?uorescent material and a predetermined 
visible Wavelength can be emitted from the ?uorescent 
material. The polymer 130 may also be an insulating poly 
mer in Which a dye or quantum dot is embedded. Most 
semiconductor compounds, for eXample ZnS, CdS, ZnSe, 
CdSe, and InP, may be used as the quantum dot. A photo 
resist can be the insulating polymer 130 containing the 
?uorescent material, dye, or quantum dot. 

[0033] Ultraviolet light emitted from the nanoWires 120 is 
adsorbed by the ?uorescent material, dye, or quantum dot 
that is embedded in the insulating layer 130. The ?uorescent 
material, dye, or quantum dot that adsorbs the ultraviolet 
emits a predetermined color. 

[0034] Avisible ray emitted from the ?uorescent material, 
dye, or quantum dot varies according to the ?uorescent 
material, the color of the dye, or the siZe of the quantum dot. 

[0035] FIG. 2 is a diagram illustrating hoW a ?uorescent 
material, dye, or quantum dot, Which is a light emitting 
material, is embedded in the insulating polymer. Aplurality 
of quantum dots 202 are embedded in the insulating polymer 
200. 

[0036] FIG. 3 is a diagram illustrating colloidal quantum 
dots in Which organic molecule chains 302 are attached to 
the quantum dots 300. Instead of using the polymer in Which 
a ?uorescent material, a dye, or a quantum dot is embedded, 
the colloidal quantum dots of FIG. 3 may be used by 
stacking them betWeen the nanoWires 120. The organic 
molecule chain 302 may be composed of a material such as 
trioctylphospine oXide (TOPO) or 1.6-heXanedithiol (HDT). 

[0037] A re?ective layer 112 may be interposed betWeen 
the substrate 100 and the ?rst electrode layer 110. A long 
Wave pass ?lter can be used as the re?ective layer 112. When 
the re?ective layer 112 has a thickness equal to the Wave 
length of light emitted from the nanoWires 120, for eXample, 
the Wavelength of ultraviolet light, the re?ective layer 112 
re?ects the ultraviolet light, Which is emitted from the 
intrinsic portion 124 of the nanoWires 120, back inside the 
light emitting device and transmits only visible rays to the 
outside. Therefore, the re?ective layer 112 contributes all the 
ultraviolet light emitted from the nanoWires 120 to emit 
visible rays, thus improving light emitting efficiency. 

[0038] The re?ective layer 112 does not have to be dis 
posed beloW the ?rst electrode layer 110. That is, the 
re?ective layer 112 may be disposed above the ?rst electrode 
layer 110 When the re?ective layer 112 is conductive. If the 
light of the light emitting device is emitted through the 
second electrode layer 140, the second electrode layer 140 
may be composed of a transparent electrode and the re?ec 
tive layer 120 may be disposed on the second electrode layer 
140. 

[0039] The operation of a light emitting device having the 
above structure Will be noW described With reference to the 
attached draWings. 
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[0040] First, holes from the p-type doped portion 122 and 
the electrons from the n-type doped portion 126 combine in 
the intrinsic portion 124 When a positive voltage is applied 
to the ?rst electrode layer 110 connected to the p-type doped 
portion 122 of the nanoWires 120 and a negative voltage is 
applied to the second electrode layer 140 connected to the 
n-type doped portion 126 of the nanoWires 120, thus emit 
ting light. The ultraviolet light emitted from the intrinsic 
portion 124 disperses in every direction. Some of the ultra 
violet light that meets nearby ?uorescent material embedded 
in the insulating polymer 130 excites the ?uorescent mate 
rial, Which then emits visible rays. The visible rays are 
transmitted through the transparent ?rst electrode layer 110, 
the re?ective layer 112, and the transparent substrate 100. 

[0041] Some of the ultraviolet light emitted from the 
nanoWires 120 that goes toWards the second electrode layer 
140 is re?ected by the second electrode layer 140, back into 
the light emitting device, and adsorbed by the ?uorescent 
material, Which emits visible rays. The ultraviolet light 
heading toWards the ?rst electrode layer 110 is re?ected by 
the re?ective layer 112 into the polymer containing the 
?uorescent material, and excites the ?uorescent material. 

[0042] FIG. 4 is a cross-sectional vieW of a nanoWire light 
emitting device according to a second exemplary embodi 
ment of the present invention. Like reference numerals in 
FIGS. 1 and 2 denote like elements, and their description 
Will not be repeated. 

[0043] Referring to FIG. 4, a conductive layer (a ?rst 
electrode layer) 110 is formed on a substrate 100 and a 
plurality of nanoWires 120‘ are formed roughly at right 
angles to the conductive layer 110. An insulating polymer 
130 in Which a light emitting material is embedded ?lls a 
space betWeen the nanoWires 120‘. An electrode layer (a 
second electrode layer) 140 is formed on the nanoWires 120‘. 

[0044] A re?ective layer 112 may be interposed betWeen 
the substrate 100 and the ?rst electrode layer 110. A long 
Wave pass ?lter can be used as the re?ective layer 112. When 
the re?ective layer 112 has a thickness equal to the Wave 
length of light emitted from the nanoWires 120‘, for example, 
the Wavelength of ultraviolet light, the re?ective layer 112 
re?ects the ultraviolet light, Which is emitted from a light 
emitting layer 128 of the nanoWires 120‘, back inside the 
light emitting device and transmits only visible rays to the 
outside. Therefore, the re?ective layer 112 contributes all the 
ultraviolet light emitted from the nanoWires 120‘ to emit 
visible rays, thus improving light emitting ef?ciency. 

[0045] The nanoWires 120‘ include a p-type doped portion 
122 and an n-type doped portion 126 contacting each other. 
A contact boundary of the tWo doped portions 122 and 126 
forms a light emitting layer 128. Such a light emitting 
structure is a p-n junction structure, in comparison to the 
p-i-n junction structure of the ?rst exemplary embodiment. 

[0046] The insulating polymer 130 prevents electric con 
tact betWeen the nanoWires 120‘. A ?uorescent material is 
embedded inside the insulating polymer 130 such that 
ultraviolet light emitted from the nanoWires 120‘ can be 
adsorbed onto the ?uorescent material and a predetermined 
visible Wavelength can be emitted from the ?uorescent 
material. The polymer 130 may also be an insulating poly 
mer in Which a dye or quantum dot is embedded. Most 
semiconductor compounds, for example ZnS, CdS, ZnSe, 
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CdSe, and InP, may be used as the quantum dot. A photo 
resist can be the insulating polymer 130 containing the 
?uorescent material, dye, or quantum dot. 

[0047] Ultraviolet light emitted from the nanoWires 120‘ is 
adsorbed by the ?uorescent material, dye, or quantum dot 
that is embedded in the insulating layer 130. The ?uorescent 
material, dye, or quantum dot that adsorbs the ultraviolet 
emits a predetermined color. 

[0048] Ultraviolet light is emitted from the light emitting 
layer 128 When a direct current is supplied to both ends of 
the nanoWires 220‘. The ultraviolet light excites the ?uores 
cent material, dye, or quantum dot embedded in the polymer 
130 and emits a predetermined visible ray. 

[0049] In the nanoWire light emitting device according to 
exemplary embodiments of the present invention, the colors 
of visible rays emitted from a predetermined region can be 
controlled by controlling the kind or siZe of a ?uorescent 
material, dye, or quantum dot inside an insulating layer. 
Also, the ef?ciency of producing colored light is improved 
by inserting into the light emitting device a material that 
controls colors. 

[0050] While the present invention has been particularly 
shoWn and described With reference to exemplary embodi 
ments thereof, it Will be understood by those of ordinary 
skill in the art that various changes in form and details may 
be made therein Without departing from the spirit and scope 
of the present invention as de?ned by the folloWing claims. 

What is claimed is: 
1. A nanoWire light emitting device comprising: a sub 

strate; 

a ?rst conductive layer formed on the substrate; 

a plurality of nanoWires vertically formed on the ?rst 
conductive layer, each nanoWire comprising a p-doped 
portion and an n-doped portion; 

a light emitting layer betWeen the p-doped portion and the 
n-doped portion; 

a second conductive layer formed on the nanoWires; and 

an insulating polymer in Which a light emitting material is 
embedded, ?lling a space betWeen the nanoWires, 

Wherein a color of light emitted from the light emitting 
layer varies according to the light emitting material. 

2. The device of claim 1, Wherein the p-doped portion and 
n-doped portion are doped With dopant atoms When the 
nanoWires are groWn or are formed by adsorbing organic 
molecules onto a surface of the nanoWires. 

3. The device of claim 1, Wherein the light emitting layer 
comprises a contact boundary betWeen the p-doped portion 
and the n-doped portion. 

4. The device of claim 1, Wherein the light emitting layer 
comprises an undoped intrinsic portion formed betWeen the 
p-doped portion and the n-doped portion. 

5. The device of claim 1, Wherein the light emitting 
material comprises a ?uorescent material. 

6. The device of claim 1, Wherein the light emitting 
material comprises a dye. 

7. The device of claim 1, Wherein the light emitting 
material comprises a quantum dot. 
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8. The device of claim 1, wherein the insulating polymer 
in Which the embedded light emitting material comprises a 
colloidal quantum dot. 

9. The device of claim 1, further comprising a re?ective 
layer that re?ects light emitted from the nanoWires. 

10. The device of claim 9, Wherein the re?ective layer is 
disposed beloW the ?rst conductive layer, and the substrate 
and the ?rst conductive layer are light transmitting materi 
als. 

11. The device of claim 9, Wherein the re?ective layer is 
disposed on the second conductive layer, and the second 
conductive layer is a transparent electrode. 

12. The device of claim 2, Wherein the p-doped portion is 
a portion of the nanoWires Where molecules having a high 
electron a?inity are adsorbed on the surface of the nanoW 
ires. 

13. The device of claim 12, Wherein the p-doped portion 
is a portion of the nanoWires Where molecules containing 
?uorine are adsorbed. 

Oct. 13, 2005 

14. The device of claim 13, Wherein the molecules con 
taining ?uorine are tetra?uoro-tetracyano-quinodimethane 
(F4-TCNQ). 

15. The device of claim 2, Wherein the n-doped portion is 
a portion of the nanoWires Where molecules having a loW 
ioniZation potential are adsorbed on the surface of the 
nanoWires. 

16. The device of claim 15, Wherein the n-doped portion 
is a portion of the nanoWires Where organic electron donor 
molecules or molecules containing at least one metal 
selected from the group consisting of lithium, copper, and 
Zinc is adsorbed. 

17. The device of claim 16, Wherein the n-doped portion 
is a portion of the nanoWires Where at least one material 
selected from the group consisting of copper phthalocyanine 
(CuPc), Zinc phthalocyanine (ZnPc), pentacene, and bis(eth 
ylenddithio)tetrathiafulvalene (BEDT-TTF) is adsorbed. 

* * * * * 


