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(57) ABSTRACT 

A method for fabricating a triode ?eld emitter array using 
carbon nanotubes having excellent electron emission char 
acteristics is provided. In the method for fabricating a 
triode-structure carbon nanotube ?eld emitter array, a cata 
lyst layer is formed on a cathode electrode Without forming 
a base layer, and carbon nanotubes are groWn on the catalyst 
layer using a Spind’t process. In this method, a non-reactive 
layer is formed on a catalyst layer outside the micro-cavity 
such that the carbon nanotubes can be groWn only on the 
catalyst Within the micro-cavity. Accordingly, even though a 
separation layer is etched and removed, since carbon nano 
tubes do not exist outside the micro-cavity, it does not 
happen that carbon nanotubes are drifted into the micro 
cavities. Therefore, the fabrication yield is increased, and the 
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METHOD FOR FABRICATING 
TRIODE-STRUCTURE CARBON NANOTUBE 

FIELD EMITTER ARRAY 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a method for 
fabricating triode ?eld emitter array using carbon nanotubes 
having excellent electron emission characteristics. 

[0003] 2. Description of the Related Art 

[0004] In a conventional ?eld emission display (FED), 
When a strong electric ?eld is applied through gates to a 
Spindt’s ?eld emitter array (FEA), Which is formed of a 
metal such molybdenum (M0) or a semiconductor material 
such as silicon (Si), that is, to microtips arranged at regular 
intervals, electrons are emitted from the microtips. The 
emitted electrons are accelerated toWard an anode, to Which 
voltage (for eXample, several hundred to several thousand 
volts) is applied, and collide With phosphors With Which the 
anodes are coated, thereby emitting light. Because the Work 
function of a metal or a semiconductor material used for the 
microtips of a conventional FED is large, the gate voltage for 
electron emission must be very high. Residual gas particles 
in vacuum collide With electrons and are thus ioniZed. 
Because the microtips are bombarded With these gas ions, 
the microtips as an electron emission source may break. 
Moreover, since particles are separated from the phosphors 
colliding With electrons and pollute the microtips, the per 
formance of the electron emission source may be deterio 
rated. These problems may reduce the performance and life 
time of the FEA. To overcome these problems, instead of a 
metal or a semiconductor material, carbon nanotubes having 
a loW electron emission voltage and an eXcellent chemical 
stability is used for electron emitters. In this case, the 
performance and life time of the FEA can be improved. 

[0005] Arc discharge and laser ablation is Widely used In 
deposition of carbon nanotubes, but these methods are not 
suitable for mass production of carbon nanotubes at a loW 
cost, and structure control is difficult in these methods. To 
overcome these problems, chemical vapor deposition has 
been developed. Representative chemical vapor deposition 
methods include thermal chemical vapor deposition (CVD) 
(Appl. Phys. Lett. 67, 2477, 1995), MPECVD (Appl. Phys. 
Lett. 72, 3437, 1998) and ion beam irradiation (Appl. Phys. 
Lett. 69, 4174, 1996). 

[0006] While the threshold electrical ?eld of a diamond 
?lm for electron emission, Which has been highlighted as a 
material of an electron emission source, is about 10 V/pm, 
carbon nanotubes have a characteristic in Which electrons 
are easily emitted even at an electrical ?eld of 1 V/pm or 
less. Accordingly, carbon nanotubes have been touted as the 
neXt generation material of an electron emission source. 

[0007] FIG. 1 is a schematic sectional vieW illustrating the 
structure of a conventional FED using carbon nanotubes. As 
shoWn in FIG. 1, the conventional FED using carbon 
nanotubes includes a front substrate 11 and a rear substrate 
16 Which face each other, an anode electrode 12 and a 
cathode electrode 15 Which are formed on the surfaces of the 
tWo substrates 11 and 16 facing each other, respectively, 
phosphor 13 With Which the anode electrode 12 is coated and 
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carbon nanotubes 14 deposited on the cathode electrode 15, 
thereby having a diode structure. 

[0008] It is crucial to deposit carbon nanotubes on a Wide 
area at a loW cost using a method capable of controlling the 
carbon nanotubes in manufacturing FEDs using carbon 
nanotubes. It is considered that chemical vapor deposition 
should be used to achieve the above purpose. Similarly to 
arc discharge or laser ablation, chemical vapor deposition 
uses a transition metal such as nickel (Ni) or Iron (Fe) or 
silicide such as CoSi2 as a catalyZer. Up to noW, carbon 
nanotubes are not deposited on a structure of a predeter 
mined pattern but have still been deposited randomly as in 
a diode structure. The diode structure can easily be manu 
factured by chemical vapor deposition because a layer such 
as an insulating layer or a gate shoWn in a triode structure is 
not necessary. HoWever, it is dif?cult to control emitted 
electrons in a simple diode structure. This disturbs the 
required performance of a display. 

[0009] A?eld emitter using controlled carbon nanotubes is 
disclosed in US. Pat. No. 5,773,834. In this patent, a ?eld 
emitter is formed in a triode structure using a grid of a net 
shape as gate electrodes so that it can be eXpected that 
emitted electrons can be controlled to some eXtent. HoW 
ever, the structure of this ?eld emitter is not simple enough 
to be easily manufactured by chemical vapor deposition. 

SUMMARY OF THE INVENTION 

[0010] To solve the above problem, an object of the 
present invention is to provide a method for fabricating a 
triode-structure carbon nanotube ?eld emitter array, in 
Which an electron emission source is fabricated by applying 
a Spind’t process to carbon nanotubes. 

[0011] To achieve the above object, in one embodiment, 
the present invention provides a method for fabricating a 
triode-structure carbon nanotube ?eld emitter array. The 
method includes the steps of (a) forming a separation layer 
on a gate electrode using slant deposition in a structure in 
Which a cathode electrode, a gate insulation layer and the 
gate electrode are sequentially formed on a cathode glass 
substrate, a gate opening is formed on the gate electrode, a 
micro-cavity corresponding to the opening is formed in the 
gate insulation layer; (b) forming a catalyst layer on the 
cathode electrode Within the micro-cavity, the catalyst layer 
acting as a catalyst in groWing carbon nanotubes; (c) per 
forming slant deposition on the catalyst layer, thereby form 
ing a non-reactive layer for preventing carbon nanotubes 
from groWing on the catalyst layer outside the micro-cavity; 
(d) groWing carbon nanotubes on the catalyst layer Within 
the micro-cavity; and (e) removing the separation layer. 

[0012] In the step (a), the gate insulation layer is formed 
by depositing SiO2 or Si3N4 to a thickness of 5-10 pm, and 
the diameter of the gate opening is 5-10 pm. In the step (b), 
the catalyst layer is formed by depositing Ni or Co. In the 
step (c), the non-reactive layer is formed of at least one 
material selected from among Cr, W, Al, Mo and Si. In the 
step (d), the carbon nanotubes are groWn by an arc discharge 
method or chemical vapor deposition methods. 

[0013] In another embodiment, the present invention pro 
vides a method for fabricating a triode-structure carbon 
nanotube ?eld emitter array. The method includes the steps 
of (a) forming a separation layer on a gate electrode using 
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slant deposition in a structure in Which a cathode electrode, 
a gate insulation layer and the gate electrode are sequentially 
formed on a cathode glass substrate, a gate opening is 
formed on the gate electrode, a micro-cavity corresponding 
to the gate opening is formed in the gate insulation layer; (b) 
performing slant deposition on the cathode electrode Within 
the micro-cavity, thereby forming a base layer having a 
truncated cone shape Within the micro-cavity; (c) forming a 
catalyst layer on the base layer, the catalyst layer acting as 
a catalyst in groWing carbon nanotubes; (d) performing slant 
deposition on the catalyst layer, thereby forming a non 
reactive layer for preventing carbon nanotubes from groW 
ing on the catalyst layer outside the micro-cavity; (e) groW 
ing carbon nanotubes on the catalyst layer Within the micro 
cavity; and removing the separation layer. 

[0014] In the step (a), the gate insulation layer is formed 
by depositing SiO2 or Si3N4 to a thickness of 5-10 pm, and 
the diameter of the gate opening is 5-10 pm. In the step (b), 
the base layer is formed of at least one material selected 
from among Au, Pt and Nb. In the step (c), the catalyst layer 
is formed by depositing Ni or Co. In the step (d), the 
non-reactive layer is formed of at least one material selected 
from among Cr, W, Al, Mo and Si. In the step (e), the carbon 
nanotubes are groWn by an arc discharge method or chemi 
cal vapor deposition methods. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The above object and advantage of the present 
invention Will become more apparent by describing in detail 
preferred embodiments thereof With reference to the 
attached draWings in Which: 

[0016] FIG. 1 is a schematic vertical sectional vieW of a 
conventional diode ?eld emission display (FED) using car 
bon nanotubes; 

[0017] FIGS. 2A through 2H are sectional vieWs illus 
trating a method for fabricating a triode-structure carbon 
nanotube ?eld emitter array according to a ?rst embodiment 
of the present invention; 

[0018] FIGS. 3A through 3C are sectional vieWs illus 
trating a method for fabricating a triode-structure carbon 
nanotube ?eld emitter array according to a second embodi 
ment of the present invention; 

[0019] FIGS. 4A through 4E are sectional vieWs illus 
trating a method for fabricating a triode-structure carbon 
nanotube ?eld emitter array according to a third embodiment 
of the present invention; 

[0020] FIG. 5 is a schematic diagram illustrating a scheme 
for driving a triode-structure carbon nanotube ?eld emitter 
array Which is fabricated according to the ?rst or second 
embodiment; 
[0021] FIG. 6 is a SEM photograph illustrating a state in 
Which a catalyst layer is formed on the bottom of a micro 
cavity by a method for fabricating a triode-structure carbon 
nanotube ?eld emitter array according to the present inven 
tion; 
[0022] FIGS. 7 and 8 are SEM photographs illustrating 
states in Which carbon nanotubes are groWn on a catalyst 
layer by a method for fabricating a triode-structure carbon 
nanotube ?eld emitter array according to the present inven 
tion; and 
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[0023] FIG. 9 is a graph illustrating changes in emission 
current depending on changes in the gate voltage of a 
triode-structure carbon nanotube ?eld emitter array fabri 
cated by a method according to the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0024] Hereinafter, a method for fabricating a triode 
structure carbon nanotube ?eld emitter array according to 
the present invention Will be described in detail With refer 
ence to the attached draWings. 

[0025] First Embodiment 

[0026] A method for fabricating a triode-structure carbon 
nanotube ?eld emitter array according to a ?rst embodiment 
of the present invention Will be described. Referring to FIG. 
2A, a cathode electrode 2 is formed of a transparent elec 
trode or a metal on a rear glass substrate 1. 

[0027] Referring to FIG. 2B, a gate insulating material 
such as SiO2 or Si3N4 is deposited on the cathode electrode 
2 to a thickness of 5-10 pm, thereby forming a gate insula 
tion layer 3 for insulating the cathode electrode 2 from a gate 
electrode 4. The gate electrode 4 is formed on the gate 
insulation layer 3. 

[0028] Referring to FIG. 2C, gate openings 5 are formed 
on the gate electrode 4 such that they have a diameter of 
about 5-10 pm considering the thickness of the gate insu 
lation layer 3. 

[0029] Referring to FIG. 2D, the gate insulation layer 3 is 
etched using the gate electrode 4 as a mask, thereby forming 
micro-cavities 6. 

[0030] Referring to FIG. 2E, a separation layer (a sacri 
?cial layer) 7 With a slant is deposited using directional 
deposition equipment. 
[0031] Referring to FIG. 2F, a material such as Ni or C0 
acting as a catalyst in groWing carbon nanotubes is vertically 
deposited, thereby forming catalyst layers 9 and 9‘ on the 
bottom of the micro-cavities 6 and the surfaces of the 
separation layer 7. 

[0032] Referring to FIG. 2G, the separation layer 7 is 
separated, thereby removing the catalyst layer 9‘ formed on 
the separation layer 7. 

[0033] Referring to FIG. 2H, carbon nanotubes 10 are 
groWn on the catalyst layer 9 formed on the bottom of the 
micro-cavities 6. Such partial groWth of the carbon nano 
tubes 10 only on the catalyst layer 9 can be accomplished by 
performing a chemical vapor deposition (CVD) process 
Without setting special process conditions. The carbon nano 
tubes 10 are usually groWn on the catalyst layer 9 but may 
be formed on the gate electrode 4. With such an arrange 
ment, the self-aligned carbon nanotubes 10 are formed in the 
micro-cavities 6 so that a triode-structure ?eld emitter array 
can be obtained. HoWever, carbon nanotubes Which can be 
neglected in siZe or thickness are formed on the gate 
electrode 4. Schemes for preventing carbon nanotubes from 
groWing on the gate electrode 4 Will be described later in 
second and third embodiments. 

[0034] In the second embodiment, a substrate obtained 
after performing the processes of FIGS. 2A through 2F 
described in the ?rst embodiments is used. In the third 
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embodiment, a substrate obtained after performing the steps 
of FIGS. 2A through 2E described in the ?rst embodiments 
is used. 

[0035] Second Embodiment 

[0036] After performing the steps of FIGS. 2A through 
2F described in the ?rst embodiment, as shoWn in FIG. 3A, 
a material such as Cr, W, Al, M0 or Si is slantingly deposited 
on the catalyst layer 9‘ using directional deposition equip 
ment, thereby forming a non-reactive layer 77 for preventing 
the formation of carbon nanotubes on the catalyst layer 9‘ 
eXcept the catalyst layer 9 formed Within the micro-cavities 
6. 

[0037] Referring to FIG. 3B, carbon nanotubes 10 are 
groWn on the catalyst layer 9 using an arc discharge method 
or a CVD method. Here, carbon nanotubes are rarely groWn 
on the non-reactive layer 77 due to the characteristics of the 
non-reactive layer 77. 

[0038] Referring to FIG. 3C, the separation layers 7 are 
removed, thereby removing the catalyst layers 9‘ and the 
non-reactive layers 77 on the separation layers 7. Accord 
ingly, carbon nanotubes eXist only Within the micro-cavities 
6. With such an arrangement, the self-aligned carbon nano 
tubes 10 are formed Within the micro-cavities 6 so that a 
triode-structure ?eld emitter array can be obtained. 

[0039] Third Embodiment 

[0040] After performing the steps of FIGS. 2A through 
2E described in the ?rst embodiment, as shoWn in FIG. 4A, 
a material such as Au, Pt or Nb having a good conductivity 
is deposited on the separation layer 7 and the bottoms of the 
micro-cavities 6, thereby forming base layers 8‘ and 8. The 
base layer 8 formed Within the micro-cavities 6 are provided 
for the effective electrical contact betWeen the cathode 
electrode 2 and carbon nanotubes 10 Which Will be obtained 
in a later step and for realiZing the ?ne self-aligned structure 
of the carbon nanotubes 10 formed Within the micro-cavities 
6. 

[0041] Referring to FIG. 4B, a material Ni or C0 acting as 
a catalyst of the groWth of carbon nanotubes are vertically 
deposited on the base layers 8 and 8‘, thereby forming 
catalyst layers 9 and 9‘. 

[0042] Referring to FIG. 4C, a material such as Cr, W,Al, 
M0 or Si is slantingly deposited on the catalyst layer 9‘ 
eXcept the catalyst layer 9 formed Within the micro-cavities 
6 using directional deposition equipment, thereby forming a 
non-reactive layer 77. 

[0043] Referring to FIG. 4D, carbon nanotubes 10 are 
groWn using an arc discharge method or a CVD method. 
Thereafter, the separation layer 7 are removed so that the 
base layer 8‘, the catalyst layer 9‘ outside the cavities 6 and 
the non-reactive layer 77 can be removed together With the 
separation layer 7. Consequently, as shoWn in FIG. 4E, the 
carbon nanotubes 10 self-aligned Within the micro-cavities 6 
can be obtained. 

[0044] When a gate voltage (Vg) 8 and an anode voltage 
(Va) 7 are applied to a triode-structure ?eld emitter array 
obtained through the above fabrication steps, as shoWn in 
FIG. 5, a stable triode current voltage can be obtained. FIG. 
6 is a SEM photograph illustrating a state in Which a catalyst 
layer is formed on the bottom of a micro-cavity among the 

Jul. 12, 2001 

fabrication steps described above. FIGS. 7 and 8 are SEM 
photographs illustrating states Where carbon nanotubes are 
groWn on the catalyst layer. 

[0045] FIG. 9 is a graph illustrating changes in emission 
current (uA) depending on changes in gate voltage in a 
triode-structure ?eld emitter array obtained by a method of 
the present invention. Changes in emission current at indi 
vidual anode voltages 1400 V, 1800 V and 1900 V are 
shoWn. Aline at the loWermost in the graph indicates a case 
Where a gate electrode is not biased. 

[0046] As described above, in a method for fabricating a 
triode-structure carbon nanotube ?eld emitter array, a cata 
lyst layer is formed on a cathode electrode Without forming 
a base layer, and carbon nanotubes are groWn on the catalyst 
layer using a Spind’t process. In this method of the present 
invention, a non-reactive layer is formed on a catalyst layer 
outside the micro-cavity such that the carbon nanotubes can 
be groWn only on the catalyst Within the micro-cavity. 
Accordingly, even though a separation layer is etched and 
removed, since carbon nanotubes do not eXist outside the 
micro-cavity, it does not happen that carbon nanotubes are 
drifted into the micro-cavities. Therefore, the present inven 
tion increases the fabrication yield and decreases the fabri 
cation cost. 

What is claimed is: 
1. A method for fabricating a triode-structure carbon 

nanotube ?eld emitter array, the method comprising the 
steps of: 

(a) forming a separation layer on a gate electrode using 
slant deposition in a structure in Which a cathode 
electrode, a gate insulation layer and the gate electrode 
are sequentially formed on a cathode glass substrate, a 
gate opening is formed on the gate electrode, a micro 
cavity corresponding to the opening is formed in the 
gate insulation layer; 

(b) forming a catalyst layer on the cathode electrode 
Within the micro-cavity, the catalyst layer acting as a 
catalyst in groWing carbon nanotubes; 

(c) performing slant deposition on the catalyst layer, 
thereby forming a non-reactive layer for preventing 
carbon nanotubes from groWing on the catalyst layer 
outside the micro-cavity; 

(d) groWing carbon nanotubes on the catalyst layer Within 
the micro-cavity; and 

(e) removing the separation layer. 
2. The method of claim 1, Wherein in the step (a), the gate 

insulation layer is formed by depositing SiO2 or Si3N4 to a 
thickness of 5-10 pm, and the diameter of the gate opening 
is 5-10 pm. 

3. The method of claim 1, Wherein in the step (b), the 
catalyst layer is formed by depositing Ni or C0. 

4. The method of claim 1, Wherein in the step (c), the 
non-reactive layer is formed of at least one material selected 
from the group consisting of Cr, W, Al, Mo and Si. 

5. The method of claim 1, Wherein in the step (d), the 
carbon nanotubes are groWn by an arc discharge method or 
a chemical vapor deposition method. 

6. A method for fabricating a triode-structure carbon 
nanotube ?eld emitter array, the method comprising the 
steps of: 
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(a) forming a separation layer on a gate electrode using 
slant deposition in a structure in Which a cathode 
electrode, a gate insulation layer and the gate electrode 
are sequentially formed on a cathode glass substrate, a 
gate opening is formed on the gate electrode, a micro 
cavity corresponding to the gate opening is formed in 
the gate insulation layer; 

(b) performing slant deposition on the cathode electrode 
Within the rnicro-cavity, thereby forming a base layer 
having a truncated cone shape Within the rnicro-cavity; 

(c) forming a catalyst layer on the base layer, the catalyst 
layer acting as a catalyst in groWing carbon nanotubes; 

(d) performing slant deposition on the catalyst layer, 
thereby forming a non-reactive layer for preventing 
carbon nanotubes from growing on the catalyst layer 
outside the rnicro-cavity; 

(e) groWing carbon nanotubes on the catalyst layer Within 
the rnicro-cavity; and 

(f) removing the separation layer. 
7. The method of claim 6, Wherein in the step (a), the gate 

insulation layer is formed by depositing SiO2 or Si3N4 to a 
thickness of 5-10 urn, and the diameter of the gate opening 
is 5-10 urn. 

8. The method of claim 6, Wherein in the step (b), the base 
layer is formed of at least one material selected from the 
group consisting of Au, Pt and Nb. 

9. The method of claim 6, Wherein in the step (c), the 
catalyst layer is formed by depositing Ni or C0. 

10. The method of claim 6, Wherein in the step (d), the 
non-reactive layer is formed of at least one material selected 
from the group consisting of Cr, W, Al, Mo and Si. 
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11. The method of claim 6, Wherein in the step (e), the 
carbon nanotubes are groWn by an arc discharge method or 
a chemical vapor deposition method. 

12. A method for fabricating a triode-structure carbon 
nanotube ?eld ernitter array, the method comprising the 
steps of: 

(a) forming a separation layer on a gate electrode using 
slant deposition in a structure in Which a cathode 
electrode, a gate insulation layer and the gate electrode 
are sequentially formed on a cathode glass substrate, a 
gate opening is formed on the gate electrode, a micro 
cavity corresponding to the gate opening is formed in 
the gate insulation layer; 

(b) forming a catalyst layer on the separation layer and the 
cathode electrode Within the rnicro-cavity, the catalyst 
layer acting as a catalyst in groWing carbon nanotubes; 

(c) removing the separation layer to remove the catalyst 
layer on the separation layer; and 

(d) groWing carbon nanotubes on the catalyst layer Within 
the rnicro-cavity. 

13. The method of claim 12, Wherein in the step (a), the 
gate insulation layer is formed by depositing SiO2 or Si3N4 
to a thickness of 5-10 urn, and the diameter of the gate 
opening is 5-10 urn. 

14. The method of claim 12, Wherein in the step (b), the 
catalyst layer is formed by depositing Ni or C0. 

15. The method of claim 12, Wherein in the step (d), the 
carbon nanotubes are groWn by an arc discharge method or 
a chemical vapor deposition method. 

* * * * * 


