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FIG. 1 (PRIOR ART) 
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FIG. 2A (PRIOR ART) 
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FIG- 2B (PRIOR ART) 
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FIG. 3A 
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FIG. 5 
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FIG. 7A 
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CARBON NANOTUBE FIELD EMISSION ARRAY 
AND METHOD FOR FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a ?eld emission 
array (FEA) using carbon nanotubes having characteristics 
of loW Work function, durability and thermal stability, and a 
method for fabricating the same. 

[0003] 2. Description of the Related Art 

[0004] Carbon nanotubes, Which Were developed in 1991, 
are similar to fulleren (C60). Since they have an excellent 
electron emission characteristic and chemical and mechani 
cal durability, their physical properties and applications have 
steadily been studied. 

[0005] A Spind’t-type ?eld emission emitter, Which is 
generally used for ?eld emission displays, is composed of an 
emitter for emitting electrons and a gate for facilitating the 
emission of electrons. The emitter has a problem in that the 
life span of a tip is shortened due to atmosphere gases or a 
non-uniform electric ?eld during operation. In addition, With 
such conventional metal emitter, a Work function must be 
decreased to decrease the driving voltage, but there are 
limitations. To overcome this problem, fabrication of an 
electron emission source using carbon nanotubes Which 
have a substantially high aspect ratio, an excellent durability 
due to their structure similar to that of C60, and an excellent 
electron conductivity has been studied. 

[0006] FIG. 1 is a schematic exploded perspective vieW of 
a ?eld emission device using conventional carbon nanotubes 
Which are disclosed in Appl. Phys. Lett., Vol. 72, No. 22, 
Jun. 1, 1998. As shoWn in FIG. 1, the ?eld emission device 
using the conventional carbon nanotubes includes a front 
substrate 1 and a rear substrate 11 facing each other and 
anodes 2 and cathodes 12 Which are formed on the front and 
rear substrates 1 and 11, respectively, in a striped pattern 
such that the anodes 2 cross the cathodes 12. The cathodes 
12 are formed of carbon nanotubes in a structure in Which 
grooves are formed on the rear substrate 11 in a striped 
pattern and the grooves are ?lled With a carbon nanotube 
epoxy mixture. The anodes 2 are formed of an ITO ?lm 
coated With phosphors. 

[0007] FIG. 2A shoWs the steps of a method of fabricating 
the cathodes 12 on the rear substrate 11 of the ?eld emission 
device of FIG. 1 using carbon nanotubes. FIG. 2B shoWs 
the steps of a method of fabricating the anodes 2 on the front 
substrate 1 of the ?eld emission device of FIG. 1 using 
carbon nanotubes. 

[0008] In fabricating the cathodes 12 using carbon nano 
tubes, grooves 12a, as shoWn in (b) of FIG. 2A, are formed 
in a striped pattern on a glass substrate 11‘, as shoWn in (a) 
of FIG. 2A. Next, a carbon nanotube-epoxy mixture 12‘ is 
deposited, as shoWn in (c) of FIG. 2A. Finally, the surface 
of the resulting structure is planariZed to complete the 
cathodes 12, as shoWn in (d) of FIG. 2A. 

[0009] In fabricating the anodes 2, an ITO ?lm 2‘ is 
deposited on the glass substrate 1, as shoWn in (a) of FIG. 
2B. Next, as shoWn in (b) of FIG. 2B, the ITO ?lm 2‘ is 
etched in a striped pattern to form the anodes 2. As shoWn 
in (c) of FIG. 2B, the anodes 2 are coated With phosphors 
3. 
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[0010] In fabricating cathodes using carbon nanotubes in 
such Way, hoWever, it is very dif?cult to align the carbon 
nanotubes in a single direction and to connect the carbon 
nanotubes to electrodes When manufacturing a device. 
Accordingly, this alignment problem must be overcome to 
substantially apply carbon nanotubes to a display device. 

SUMMARY OF THE INVENTION 

[0011] To solve the above problem, an object of the 
present invention is to provide a ?eld emission array using 
carbon nanotubes, Which can be easily aligned and closely 
contacts cathodes, and a method for fabricating the same. 

[0012] To achieve the above object, the present invention 
provides a ?eld emission array using carbon nanotubes. The 
?eld emission array includes front and rear substrates facing 
each other and separated by a predetermined distance; 
anodes and cathodes formed on the front and rear substrates 
facing each other, respectively, in a striped pattern, the 
anodes and the cathodes crossing each other; carbon nano 
tubes ?xed on the cathodes corresponding to intersections 
betWeen the cathodes and the anodes; and a metal fuser 
element for ?xing the carbon nanotubes on the cathodes and 
conducting currents betWeen the cathodes and the carbon 
nanotubes. 

[0013] Preferably, the ?eld emission array also includes an 
insulating layer deposited on the cathodes around the carbon 
nanotubes and the rear substrate, and gates formed on the 
insulating layer in a striped pattern to be parallel to the 
anodes. Each of the anodes is formed of an ITO ?lm and 
coated With phosphor. 

[0014] To achieve the above object, the present invention 
also provides a method of fabricating a ?eld emission array 
using carbon nanotubes. The method includes the steps of: 
(a) forming cathodes on a rear substrate in a striped pattern; 
(b) printing a mixture of carbon nanotubes, metal poWder 
and organic binder on predetermined areas of the cathodes; 
(c) vaporiZing the organic binder by sintering the mixture 
and anchoring the carbon nanotubes on the cathodes by 
diffusing the metal poWder; and (d) combining a front 
substrate, on Which anodes are formed in a striped pattern, 
With the rear substrate having the cathodes on Which the 
carbon nanotubes are anchored. 

[0015] Preferably, the method also includes the steps of: 
forming an insulating layer on the tops of the cathodes other 
than portions to Which the carbon nanotubes are to be 
adhered and on the top of the exposed rear substrate, before 
the step (b); and forming gates on the insulating layer after 
the step At this time, the metal poWder is composed of 
metal particles of a metal, selected from the group consisting 
of Ag, Al, Ni, Cu and Zn, having a diameter of 0.1-10 pm 
and is diffused at a temperature of 250-500° C. 

[0016] Preferably, in the step (b), the metal poWder is 
melted at a loW temperature of 100-350° C., and in the step 
(c), the mixture is sintered to evaporate the organic binder, 
and the loW melting point metal poWder is melted to anchor 
the carbon nanotubes on the cathodes. The metal poWder is 
preferably composed of particles of a metal selected from 
the group consisting of Pb, In, InSn, PbSn, AuSn and a metal 
alloy thereof. 

[0017] In the step (b), the organic binder is composed of 
at least one selected from the group consisting of ot-terpin 
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eol, ethyl cellulose and butyl carbitol acetate, and the 
printing is performed by an extrusion method using a ?lter 
for aligning the carbon nanotubes. Alternatively, in the step 
(b), the printing is performed by a screen printing method 
using a metal mesh screen Which is patterned for aligning the 
carbon nanotubes. Preferably, in the step (c), the sintering is 
performed at a temperature of ZOO-500° C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The above object and advantages of the present 
invention Will become more apparent by describing in detail 
preferred embodiments thereof With reference to the 
attached draWings in Which: 

[0019] FIG. 1 is a schematic exploded perspective vieW of 
a ?eld emission device using conventional carbon nano 

tubes; 

[0020] FIG. 2A shoWs the steps of a method of fabricating 
cathodes on a rear substrate of the carbon nanotube ?eld 
emission device of FIG. 1; 

[0021] FIG. 2B shoWs the steps of a method of fabricating 
anodes on a front substrate of the carbon nanotube ?eld 
emission device of FIG. 1; 

[0022] FIG. 3A is a plan vieW of a ?eld emission array 
using carbon nanotubes according to the present invention; 

[0023] FIG. 3B is a sectional vieW of FIG. 3A taken along 
the line A-A‘; 

[0024] FIGS. 4A through 4D are sectional vieWs illus 
trating the steps of a method of fabricating a ?eld emission 
array using carbon nanotubes according to the present 
invention; 

[0025] FIG. 5 is a sectional vieW of an apparatus Which 
has a ?lter for alignment of carbon nanotubes and is used 
When a pressing method is used during the steps of FIGS. 
4A through 4D; 

[0026] FIGS. 6A through 6C shoW pressing steps using 
a ?lter formed of ceramic (alumina) When an insulating layer 
is not formed in the case of FIG. 5; 

[0027] FIGS. 7A through 7E are plan and sectional vieWs 
illustrating the structure of a screen printer in Which a mask 
is combined With a mesh screen formed of stainless Wires 
during the steps of FIGS. 4A through 4D; 

[0028] FIG. 7A is a sectional vieW illustrating a step of 
putting a screen printer on a rear substrate having cathodes 
and performing printing; 

[0029] FIG. 7B is a plan vieW of the mesh screen Woven 
With stainless Wires in the screen printer; 

[0030] FIG. 7C is an enlarged vieW of the mesh structure 
of part A of FIG. 7B; 

[0031] FIG. 7D is a sectional vieW of FIG. 7C taken along 
the line B-B‘; 

[0032] FIG. 7E is a sectional vieW of the structure of a 
completed rear substrate on Which carbon nanotubes are 
metal fused to cathodes by ?ring and gates are formed on an 
insulating layer, after ?nishing the printing shoWn in FIGS. 
7A through 7D; 
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[0033] FIG. 8A is a sectional vieW of the Whole rear 
substrate With a dual-layer gate plate, Which is previously 
manufactured; 
[0034] FIG. 8B is a perspective vieW of the Whole gate 
plate of FIG. 8A; 

[0035] FIG. 9 is a photograph (4x80 mm) shoWing the 
electron emission characteristic of carbon nanotubes Which 
are fabricated by screen printing; 

[0036] FIG. 10 is a current-electric ?eld graph shoWing 
the electron emission characteristic of a ?eld emission array 
using carbon nanotubes according to the present invention; 

[0037] FIG. 11 is a luminance-electric ?eld graph shoW 
ing the electron emission luminance characteristic of a ?eld 
emission array using carbon nanotubes according to the 
present invention; and 

[0038] FIG. 12 is a photograph shoWing the electron 
emission of a ?eld emission array using carbon nanotubes 
according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0039] A ?eld emission array using carbon nanotubes 
according to the present invention is characteriZed in that 
carbon nanotubes and metal poWer are adhered to cathodes 
With an organic matter, and then the carbon nanotubes are 
fused to the cathodes by evaporating the organic matter and 
melting the metal poWder. The present invention can be 
adopted in any multi-electrode tube structure of a ?eld 
emission array as Well as a diode structure having an anode 
and a cathode and a triode structure having an anode, a 
cathode and a gate. According to the present invention, 
carbon nanotubes are fused to cathodes and substitute for 
microtips for emitting electrons. As an embodiment of the 
present invention, a triode ?eld emission array Will be 
described in detail With reference to FIGS. 3A and 3B. 

[0040] As shoWn in FIG. 3B, 21 ?eld emission array using 
carbon nanotubes according to the present invention 
includes a front substrate 101 and a rear substrate 111 facing 
each other and anodes 102 and cathodes 112 Which are 
formed on the front and rear substrates 101 and 111, respec 
tively, in a striped pattern such that the anodes 102 cross the 
cathodes 112. Carbon nanotubes 112a are fused to the 
cathodes 112 using a metal fuser element 112b. An insulat 
ing layer 113 is provided on the rear surface 111 and the part 
of the cathodes 112 other than the part of the cathodes 112 
to Which the carbon nanotubes 112a are fused. Gates 114 are 
formed on the insulating layer 113 in a striped pattern. Each 
of the anodes 102 is formed of an ITO ?lm, and the entire 
surface of each anode 102 is coated With phosphor 103. 

[0041] In fabricating a carbon nanotube ?eld emission 
array having such structure, ?rst, the cathodes 112 are 
formed on the rear substrate 111 in a striped pattern, as 
shoWn in FIG. 4A (referred to as step NeXt, as shoWn in 
FIG. 4B, the insulating layer 113 is formed on the eXposed 
rear substrate 111 and the part of the cathodes 112 other than 
the part to Which carbon nanotubes are ?Xed. NeXt, as shoWn 
in FIG. 4C, a miXture 112a and 112b of carbon nanotubes, 
metal poWder and organic binder is printed on predeter 
mined areas of the cathodes 112 through insulating layer 
opening portions 112c over the cathodes 112 (referred to as 
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step Y). In the case of the diode, the insulating layer 113 may 
be formed, but does not need to be formed. Subsequently, as 
shown in FIG. 4D, the mixture 112a and 112b is sintered to 
evaporate the organic binder, and the metal poWder is melted 
or diffused to adhere the carbon nanotubes 112a to the 
cathodes 112 (referred to as step Z). Thereafter, the front 
substrate 101, on Which the anodes 102 are formed in a 
striped pattern, is combined With the rear substrate 111 
having the cathodes 112, to Which the carbon nanotubes 
112a are fused, spaced apart by a predetermined distance, 
thereby completing the array. 

[0042] In a method of fabricating such ?eld emission 
device, the step Y of self-aligning carbon nanotubes is 
particularly dif?cult. To over this difficulty, the present 
invention proposes tWo methods of aligning carbon nano 
tubes. In a ?rst method, as shoWn in FIG. 5 or FIGS. 6A 
through 6C, after diffusing carbon nanotubes, a mixture 120 
of an organic binder and poWder of a loW-melting point 
metal such as aluminum, silver, Zinc or copper is squeeZed 
into holes 130a in a ?lter formed of glass such that the 
mixture 120 is injected into the holes 112c in the insulating 
layer 113, Which are aligned With a predetermined pixel siZe. 
Thereafter, the organic binder is heated to be evaporated, 
and the metal poWder is melted to ?x the carbon nanotubes. 
In a second method, as shoWn in FIGS. 7A through 7E, 
after diffusing carbon nanotubes, a mixture of loW-melting 
point metal poWder and an organic binder is pressed on 
electrodes by a screen printing method using a metal mesh 
screen 160a Which is patterned on a substrate of an insulat 
ing material, so that the carbon nanotubes can be aligned and 
?xed. 

[0043] It is advantageous in printing to use metal poWder 
in Which the diameters of the particles are about 0.1-10 pm 
When making a mixture for adhering carbon nanotubes. 
When fabricating a multi-electrode tube other than a diode, 
an insulating layer is essential. To prevent damage on an 
insulating layer during sintering after printing of the mix 
ture, metal must easily melt at loW temperature. Accord 
ingly, a loW-melting point metal poWder, Which is melted at 
a loWer temperature than a temperature at Which the insu 
lating layer is formed, should be used. Since the insulating 
layer is generally formed at about 450-570° C., it is prefer 
able to use a metal Which is diffused at 250-500° C. or 
melted at IOU-350° C. for metal poWder. Silver (Ag), alu 
minum (Al), nickel (Ni), copper (Cu) and Zinc (Zn) can be 
used as the metal Which is diffused at 250-500° C. Pb, In, 
InSn, PbSn and AuSn can be used as the metal Which is 
melted at IOU-350° C. 

[0044] For an organic binder used in making a mixture for 
printing, ot-terpineol, ethyl cellulose or butyl carbitol acetate 
may be used. In mixing, the mixture is completely mixed by 
grinding source materials. 

[0045] When using an extrusion technique in the printing 
step Y in Which the alignment of carbon nanotubes is 
determined, an apparatus With a ?lter 130 for alignment of 
carbon nanotubes, as shoWn in FIG. 5, is used. When a 
mixture 120 for printing is injected into a cylinder 140 With 
the ?lter 130 and ?rmly pressed With a piston 150, the 
mixture 120 passes through the holes 130a on the ?lter 130 
and is applied to the cathodes 112 exposed by the opening 
portions 112c on the insulating layer 113 While vertically 
aligning carbon nanotubes contained in the mixture 120. In 
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other Words, a mixed paste is extruded through a ceramic (or 
glass) ?lter With holes of a pixel siZe, and thus aligned on 
cathodes. Thereafter, an organic binder is evaporated by heat 
treatment at loW temperature (ZOO-500° C.), and metal 
poWder is sintered to ?x carbon nanotubes in the holes of an 
insulating layer. 
[0046] Unlike FIG. 5, FIGS. 6A through 6C shoW a 
process of pressing carbon nanotubes through a ?lter formed 
of ceramic (alumina) When an insulating layer is not formed. 
Carbon nanotubes, Which are extruded through holes on the 
?lter and aligned, are pressed on patterned metal ?lms 
(cathodes) to be ?xed. FIG. 6A shoWs a state in Which a 
mixture for printing is injected into the holes 130a of the 
ceramic (alumina) ?lter 130. FIG. 6B shoWs a state in Which 
the holes 130a of the ?lter 130 are aligned on the cathode 
112 lines on the rear substrate 111 Without an insulating 
layer. FIG. 6C shoWs a state in Which carbon nanotubes 
112a are adhered by printing the mixture on predetermined 
areas of the cathodes 112 through pressing and sintering. 

[0047] When using a screen printing technique in the 
printing step Y in Which the alignment of carbon nanotubes 
is determined, as shoWn in FIGS. 7A through 7E, a screen 
printer 160, in Which a mesh screen 160a formed of stainless 
steel Wires is combined With a mask 160b, is used. More 
speci?cally, as shoWn in FIG. 7A, after laying the screen 
printer 160 on the rear substrate 111 having the cathodes 
112, a roller (not shoWn) to Which a mixture for printing is 
applied is rolled on the screen printer 160. Then, the mixture 
on the roller sequentially passes through the mask 160b and 
the screen 160a of the screen printer 160 and is applied to 
the top of each of the cathodes 112 through the holes of the 
insulating layer 113 on the rear substrate 111. Since the 
mixture passes through the mesh screen 160a in printing, 
carbon nanotubes contained in the mixture are vertically 
aligned on the cathodes 112. FIG. 7B is a plan vieW of the 
mesh screen 160a Woven With stainless steel Wires in the 
screen printer 160. FIG. 7C is an enlarged vieW of the mesh 
structure of part A of FIG. 7B. FIG. 7D is a sectional vieW 
of FIG. 7C taken along the line B-B‘. Referring to FIG. 7D, 
the screen printer 160 includes the screen Which is made by 
Weaving a mesh comprising Warp threads 161 and Weft 
threads 162 and the mask 160b for making the mixture 
injected only into predetermined areas. FIG. 7E shoWs the 
structure of the completed rear substrate 111, on Which the 
carbon nanotubes 112a are fused to the cathodes 112 by 
melted metal poWder and gates 114 are formed on the 
insulating layer 113, after ?nishing the printing of the 
mixture by the screen printing scheme. The gates 114 are 
formed by depositing a metal on the SiO2 insulating layer 
113 and patterning the deposited metal using a photolithog 
raphy method. Alternatively, after screen printing and ?ring 
has been completed, a gate plate 170 Which is prepared in 
advance, as shoWn in FIG. 8A, may be bonded onto the 
insulating layer 113 to complete a device. FIG. 8B is a 
perspective vieW illustrating the Whole appearance of the 
gate plate 170. The gate plate 170 is formed by depositing 
a gate 170b formed of a conductor on a substrate 170a 
formed of an insulating material. 

[0048] It is preferable to perform the sintering at a tem 
perature of ZOO-500° C. in the heat treatment process of the 
step Z. 

[0049] The functions of carbon nanotubes in such ?eld 
emission array are shoWn through FIGS. 9 through 12. 
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FIG. 9 is a photograph (40x80 mm) showing the electron 
emission characteristic of carbon nanotubes Which are fab 
ricated by screen printing. FIG. 10 is a current-electric ?eld 
graph shoWing the electron emission characteristic of the 
carbon nanotubes. FIG. 11 is a luminance-electric ?eld 
graph shoWing the electron emission luminance character 
istic of the carbon nanotubes. FIG. 12 is a photograph 
shoWing the electron emission of the carbon nanotubes. 

[0050] After ?nishing the fabrication of the rear substrate, 
the front substrate is coated With phosphor in such a manner 
that each anode of a pixel siZe is coated With red, green or 
blue phosphor. Thereafter, the front and rear substrates are 
packaged in vacuum to constitute a display. 

[0051] A cathode structure to Which carbon nanotubes are 
fused according to the present invention can be used as a 
cathode for super high frequency microWave. 

[0052] As described above, a ?eld emission array accord 
ing to the present invention uses carbon nanotubes as 
electron emission sources, thereby loWering a Work function 
and dropping driving voltage. Consequently, the present 
invention alloWs a device to be driven at loW voltage. In 
addition, the present invention improves resistance to gases, 
Which are generated during the operation of a device, 
thereby increasing the lifetime of an emitter, and substan 
tially discharging heat, Which is generated during the opera 
tion, thereby making epoch-making improvement in the 
performance of the ?led emitter. Moreover, the present 
invention alloWs emission of high density electrons by using 
an extremely microscopic electron emission source. Conse 
quently, the present invention can be Widely adopted, for 
example, in high frequency electron oscillators and displays 
driven at loW voltage, as a next generation high density 
electron emission source. 

[0053] Furthermore, the present invention uses room tem 
perature deposition and loW temperature heat treatment for 
fabricating an electron emission source emitter of carbon 
nanotubes, and uses screen printer as a fabricating apparatus, 
thereby simplifying the fabrication process. 

What is claimed is: 
1. A ?eld emission array using carbon nanotubes, com 

prising: 
front and rear substrates facing each other and separated 
by a predetermined distance; 

anodes and cathodes formed on the front and rear sub 
strates facing each other, respectively, in a striped 
pattern, the anodes and the cathodes crossing each 
other; 

carbon nanotubes ?xed on the cathodes corresponding to 
intersections betWeen the cathodes and the anodes; and 

a metal fuser element for ?xing the carbon nanotubes on 
the cathodes and conducting currents betWeen the cath 
odes and the carbon nanotubes. 

2. The ?eld emission array of claim 1, further comprising: 

an insulating layer deposited on the cathodes around the 
carbon nanotubes and the rear substrate; and 
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gates formed on the insulating layer in a striped pattern to 
be parallel to the anodes. 

3. The ?eld emission array of claim 1 or 2, Wherein each 
of the anodes is formed of an ITO ?lm and coated With 
phosphor. 

4. A method of fabricating a ?eld emission array using 
carbon nanotubes, the method comprising the steps of: 

(a) forming cathodes on a rear substrate in a striped 
pattern; 

(b) printing a mixture of carbon nanotubes, metal poWder 
and organic binder on predetermined areas of the 
cathodes; 

(c) vaporiZing the organic binder by sintering the mixture 
and anchoring the carbon nanotubes on the cathodes by 
diffusing the metal poWder; and 

(d) combining a front substrate, on Which anodes are 
formed in a striped pattern, With the rear substrate 
having the cathodes on Which the carbon nanotubes are 
anchored. 

5. The method of claim 4, further comprising the steps of: 

forming an insulating layer on the tops of the cathodes 
other than portions to Which the carbon nanotubes are 
to be adhered and on the top of the exposed rear 
substrate, before the step (b); and 

forming gates on the insulating layer after the step 
6. The method of claim 4 or 5, Wherein in the step (b), the 

metal poWder is composed of metal particles having a 
diameter of 0.1-10 pm. 

7. The method of claim 4 or 5, Wherein in the step (b), the 
metal poWder is diffused at a temperature of 250-500° C. 

8. The method of claim 7, Wherein the metal poWder is 
composed of particles of a metal selected from the group 
consisting of Ag, Al, Ni, Cu and Zn. 

9. The method of claim 4 or 5, Wherein in the step (b), the 
metal poWder is melted at a loW temperature of 100-350° C., 
and in the step (c), the mixture is sintered to evaporate the 
organic binder, and the loW melting point metal poWder is 
melted to anchor the carbon nanotubes on the cathodes. 

10. The method of claim 9, Wherein the metal poWder is 
composed of particles of a metal selected from the group 
consisting of Pb, In, InSn, PbSn, AuSn and a metal alloy 
thereof, and the diameter of each of the particles is 0.1-10 
pm. 

11. The method of claim 4 or 5, Wherein in the step (b), 
the organic binder is composed of at least one selected from 
the group consisting of ot-terpineol, ethyl cellulose and butyl 
carbitol acetate. 

12. The method of claim 4 or 5, Wherein in the step (b), 
the printing is performed by an extrusion method using a 
?lter for aligning the carbon nanotubes. 

13. The method of claim 4 or 5, Wherein in the step (b), 
the printing is performed by a screen printing method using 
a metal mesh screen Which is patterned for aligning the 
carbon nanotubes. 

14. The method of claim 4 or 5, Wherein in the step (c), 
the sintering is performed at a temperature of ZOO-500° C. 

* * * * * 


