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(57) ABSTRACT

Provided are an electron emission source, a display apparatus
using the same, an electronic device, and a method of manu-
facturing the display apparatus. The electron emission source
includes a substrate, a cathode separately manufactured from
the substrate, and a needle-shaped electron emission material
layer, e.g., carbon nanotube (CNT) layer, fixed to the cathode
by an adhesive layer. The CNT layer is formed by a suspen-
sion filtering method, and electron emission density is
increased by a subsequent taping process on the electron
emission material layer.
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ELECTRON EMISSION SOURCE, ELECTRIC
DEVICE USING THE SAME, AND METHOD
OF MANUFACTURING THE ELECTRON
EMISSION SOURCE

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

[0001] This application is a divisional application of U.S.
application Ser. No. 12/129,005, filed on May 29, 2008,
which claims the benefit of Korean Patent Application No.
10-2008-0019298, filed on Feb. 29, 2008, in the Korean Intel-
lectual Property Office, the disclosure of which is incorpo-
rated herein in its entirety by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Thepresentinventionrelates to an electron emission
source, an electric device using the same, and a method of
manufacturing the electron emission source, and more par-
ticularly, to an electron emission source using a needle-
shaped electron emission material such as carbon nanotubes
(CND).

[0004] 2. Description of the Related Art

[0005] Carbon nanotubes (CNTs) or nanoparticles are pre-
ferred as electron emission materials of electron emission
sources. CNTs refer to tubular molecules composed primarily
of carbons. There are various types of CNTs according to
shapes. CNTs have very good electrical, mechanical, chemi-
cal, and thermal properties, and thus are applied to various
fields. CNTs have a low work function and a high aspect ratio.
Since the radius of curvature at a top end or emission end is
small, CNTs have a very high field enhancement factor,
thereby making it possible to emit electrons at a low electric
field.

[0006] Conventional methods of manufacturing a CNT
electron emission source are roughly divided into a method of
vertically growing CNTs directly on a conductor, such as a
cathode or a substrate, and a method of attaching CN'T pow-
der, which is separately synthesized, to a cathode.

[0007] Examples of the method of vertically growing the
CNTs directly on the conductor includes a lot of methods that
involve vertically aligning CNTs on various cathode sub-
strates, on which catalytic metal particles are deposited,
through decomposition of carbon source gas at high tempera-
ture (refer to Science vol. 283, 512, 1999; Chemical Physics
Letters. 312, 461, 1999; Chemical Physics Letters. 326, 175,
2000; Nano Letter vol. 5, 2153, 2005; US006350488B1; and
US006514113B1).

[0008] Examples of the method of attaching the synthe-
sized CNT powder to the cathode include suspension filter-
ing, screen printing, electrophoresis, self-assembly, spraying,
and inkjet printing.

[0009] A suspension filtering method involves filtering a
CNT suspension through filter paper having pores and trans-
ferring the filtered CNT suspension to a cathode substrate
coated with Teflon (refer to Science vol. 268, 845, 1995, and
Applied Physics Letters vol. 73, 918, 1998).

[0010] A screen printing involves printing and firing paste,
which is formed by mixing CNT powder with a vehicle con-
taining a polymer and an organic solvent, an inorganic binder,
and other additives, on a cathode substrate to form a CNT thin
film (refer to Applied Physics Letters vol. 75,3129, 1999, and
Korean Patent Publication No. 10-2007-0011808).
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[0011] An electrophoresis method involves loading a cath-
ode substrate in an electrolyte solution containing a surfactant
and CNT powder and attaching CNT particles to the cathode
substrate by using electrophoresis (refer to Advanced Mate-
rials vol. 13, 1770, 2001; Nano Letter vol. 6, 1569, 2006;
US006616497B1; and US20060055303A1.

[0012] A self-assembly method involves vertically dipping
a hydrophilic substrate in a suspension where CNTs whose
surfaces are modified to hydrophilic are dispersed in deion-
ized water to form a CNT thin film through slow evaporation
(refer to Advanced Materials vol. 14, 8990, 2002; and
US006969690B2).

[0013] A spraying method involves spraying an evenly dis-
persed CNT suspension through a spray nozzle to forma CNT
thin film on a cathode substrate (refer to Mat. Res. Soc. Symp.
Proc. vol. 593, 215, 2000; Carbon vol. 44, 2689, 2006; the
Journal of Physical Chemistry C.111, 4175, 2007
US006277318B1; and Korean Patent Publication No.
10-2007-0001769).

[0014] An inkjet printing method involves printing an
evenly dispersed CNT suspension on a cathode substrate by
using an inkjet printer to form a CNT thin film (refer to Small.
vol. 2, 1021, 2006; Carbon vol. 45, 27129, 2007; and
US20050202578A1).

[0015] In detail, a method of directly vertically growing
CNTs comprises depositing a nano-sized catalytic metal on a
conductive or non-conductive cathode substrate through
sputtering, thermal deposition, electron (E)-beam evapora-
tion, or the like, thermally decomposing carbon source gas,
that is, a gaseous or liquid hydrocarbon, at high temperature
through chemical vapor deposition (CVD), and manufactur-
ing an vertically aligned CNT field electron emission source.
This method has advantages in that it is easy to control the
diameter, length, density, and pattern of the CNTs, but has
disadvantages in that it is difficult to ensure high uniformity
and control the particle size of the catalytic metal when the
catalytic metal is deposited over a large area, adhesion
between the grown CNTs and the cathode substrate is weak,
and it is not easy to manufacture a large CNT field electron
emission source.

[0016] In order to solve the weak adhesion between the
CNTs and the cathode substrate and the difficulty in manu-
facturing the large CNT field electron emission source, vari-
ous methods of purifying, dispersing, and functionalizing
synthesized CN'T power into paste or dispersing synthesized
CNT in a solvent and a surfactant to form a suspension and
attaching CNTs to a cathode substrate have been developed.
Among the various methods, a screen printing method of
printing CNT paste, which includes CNT powder, a polymer,
a binder, an organic solvent, a metal filler, and other additives,
on a cathode substrate and manufacturing a CNT electron
emission source through drying, exposure, firing, surface pro-
trusion process, and so on has advantages in that adhesion
between the cathode substrate and the CNT electron emission
source is strong and a large CNT electron emission source can
be manufactured, but has disadvantages in that it is difficult to
control the density of an active electron emission site, field
electron emission characteristics are easily deteriorated due
to the variety of organic and inorganic binders and polymers,
and a manufacturing process is complicated. An electro-
phoresis method of mixing CNT powder with a dispersing
agent in an electrolyte solution to form an evenly dispersed
CNT suspension, loading two electrode substrates in the CNT
suspension to form an electric field, depositing CNTs posi-



US 2013/0295815 Al

tively charged in the electric field on a cathode substrate to
which a negative voltage is applied to manufacture a CNT
field electron emission source has advantages in that selective
deposition can be made at room temperature and a large CNT
field electron emission source can be manufactured, but has
disadvantages in that it is difficult to control thickness and
density, uniformity and reproduction are poor, and adhesion
between the CNTs and the cathode substrate is weak, thereby
reducing reliability and stability during field electron emis-
sion.

[0017] A self-assembly method of vertically dipping a
hydrophilic cathode substrate in a suspension where CNTs
whose surfaces are modified to hydrophilic are dispersed in
deionized water to form a CNT field electron emission source
through slow evaporation has advantages in that a manufac-
turing process is simple and the CNT field electron emission
source can be easily made large at room temperature, but has
disadvantages in that adhesion between a CNT thin film and
the cathode substrate is weak, like the electrophoresis
method, and lots of time is required.

[0018] A spraying method has advantages in that a manu-
facturing process is simple and a large CNT field electron
emission source can be easily manufactured at room tempera-
ture, but has disadvantages in that, since the state of a surface
of'a CNT thin film is determined by the amount of suspension
that evaporates while the suspension is sprayed from a nozzle
to a cathode substrate, it is difficult to control the thickness
and density of the CNT thin film, it is also difficult to uni-
formly deposit the CNT thin film, which results in low uni-
formity and reproduction, and adhesion between the CNT
thin film and the cathode substrate is weak, which leads to
easy detachment during electric field electron emission.
[0019] An inkjet printing method of selectively printing a
suspension, which is formed by evenly dispersing CNT pow-
der whose surface is modified to hydrophilic in deionized
water, on a cathode substrate to form a CNT field electron
emission source had advantages in that it is easy to control the
thickness and density of a CNT thin film, and the CNT thin
film can be selectively patterned and can be made large at
room temperature, but has disadvantages in that adhesion
between the printed CNT field electron emission source and
the cathode substrate is weak. A suspension filtering method
offiltering an evenly dispersed CNT suspension through filter
paper having pores, and simply transferring the filtered CNT
suspension to a cathode surface coated with Teflon to form a
CNT field electron emission source has advantages in that it is
easy to control the thickness and density of a CNT thin film by
controlling the amount or density of CNT powder, a manu-
facturing process is simple, and a large CNT field electron
emission source can be manufactured, but has disadvantages
in that adhesion between the CNT thin film and the cathode
substrate is weak.

[0020] Asamodification of the suspension filtering method
of forming the CNT thin film and then transferring the CNT
thin film to the cathode substrate, a method of bonding a CNT
thin film, which is directly grown and vertically aligned, to a
layer where conductive silver paste is patterned, thermally
compressing the CNT thin film, and transferring the resultant
CNT thin film to a metal substrate, or preparing a patterned
conductive layer on a glass sheet, depositing conductive car-
bon paste, such as, silver or gold paste, on the conductive
layer, and transferring CNTs, which are moved from a CNT
thin film, which is directly grown and vertically aligned, to an
adhesion sheet, to the conductive paste deposited on the con-
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ductive layer to form a CNT field electron emission source is
disclosed in US 2004/0166235 A1. However, this method has
disadvantages in that it is difficult to manufacture alarge CNT
thin film because the CNT thin film is directly grown and
vertically aligned, and a manufacturing process is compli-
cated because drying, compression, and heating, or thermal
compression, should be performed to ensure high adhesion
when the CNTs are transferred.

[0021] In manufacturing a good CNT electron emission
source, high reliability, high stability, and low cost should be
ensured. Impurities badly affecting electron emission should
not be mixed. The density of CNTs should be easily con-
trolled for high uniformity and reproduction. Adhesion
between the CNTs and a cathode supporting the CNTs should
be high enough to ensure reliability and stability of the CNT
electron emission source. Also, a manufacturing processes
should be simple to reduce manufacturing costs and a large
CNT electron emission source should be able to be manufac-
tured.

SUMMARY OF THE INVENTION

[0022] The present invention provides an electron emission
source with high reliability that can be easily manufactured, a
display apparatus using the electron emission source, and
methods of manufacturing the electron emission source and
the display apparatus.

[0023] According to an aspect of the present invention,
there is provided an electron emission source comprising: a
conductive plate-shaped cathode; a needle-shaped electron
emission material layer formed on a surface of the cathode; a
base supporting the cathode; and a fixing element fixing the
cathode to the base.

[0024] An adhesive layer for fixing the electron emission
material layer to a conductive tape may be interposed
between the electron emission material layer and the conduc-
tive tape.

[0025] The fixing element may be any one of a fixing mem-
ber, an adhesive, and a welding portion which mechanically
fix the conductive tape to the base.

[0026] The base supporting the cathode and the fixing
member fixing the cathode to the base may be complementa-
rily engaged with each other. A protrusion corresponding to
the electron emission material layer may be formed on the
base, and the fixing member has a frame shape and is fitted
around the protrusion.

[0027] According to another aspect of the present inven-
tion, there is provided a method of manufacturing an electron
emission source, the method comprising: forming an electron
emission material layer on a template; transferring the elec-
tron emission material layer to a plate-shaped cathode on
which an adhesive layer is formed and fixing the electron
emission material layer to the cathode; and performing a
taping process on the electron emission material layer trans-
ferred to the cathode to erect electron emission materials with
respect to the cathode.

[0028] The plate-shaped template may be a filter template
having a plurality of pores. The forming of the electron emis-
sion material layer may comprise: applying a suspension in
which electron emission materials are dispersed onto the
template; and drying the suspension.

[0029] The performing of the taping process may comprise
pressing an erecting member having adhesion to the electron
emission materials against the electron emission materials,
and separating the erecting member from the electron emis-
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sion materials, to erect the electron emission materials with
respect to the cathode. The erecting member may be an adhe-
sive tape or a roller.

[0030] The method may further comprise fixing the cath-
ode to a cathode base. The fixing of the cathode may be
performed between the transferring of the electron emission
material layer and the performing of the taping process.

[0031] The suspension may include a solvent and a surfac-
tant.
[0032] According to another aspect of the present inven-

tion, there is provided a display apparatus comprising: a cath-
ode fixed to a top surface of a substrate; a plurality of electron
emission material layers formed at predetermined intervals
on a top surface of the cathode; an adhesive layer fixing the
electron emission material layers to the cathode; a front plate
spaced apart from the substrate; an anode formed on an inner
surface of the front plate facing the electron emission material
layers; a phosphor layer formed on a surface of the anode; a
grid disposed between the cathode and the phosphor layer and
extracting electrons from the electron emission material lay-
ers; and an insulating layer having through-holes correspond-
ing to the electron emission material layers and formed on the
cathode.

[0033] The cathode may be fixed to the substrate by an
adhesive layer disposed under the cathode.

[0034] An adhesive layer for fixing the electron emission
material layers to the cathode may be formed only under the
electron emission material layers.

[0035] An adhesive layer for adhering the electron emis-
sion material layers and an adhesive layer for fixing the cath-
ode to the substrate may be formed on both surfaces of the
cathode.

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] 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:

[0037] FIG. 1 is a perspective view of a unit electron emis-
sion source according to an embodiment of the present inven-
tion;

[0038] FIG.2isacross-sectional view ofthe electron emis-
sion source of FIG. 1 according to an embodiment of the
present invention;

[0039] FIG. 3 is a cross-sectional view of a cathode of the
electron emission source of FIG. 1 according to an embodi-
ment of the present invention;

[0040] FIG. 4 illustrates various cathode bases supporting
the cathode of the electron emission source of FIG. 1 accord-
ing to embodiments of the present invention;

[0041] FIG. 5A is a perspective view of an electron emis-
sion source according to another embodiment of the present
invention;

[0042] FIG. 5B is a side view of the electron emission
source of FIG. 5A according to an embodiment of the present
invention;

[0043] FIG. 6A is a perspective view of an electron emis-
sion source according to another embodiment of the present
invention;

[0044] FIG. 6B is a side view of the electron emission
source of FIG. 6A according to an embodiment of the present
invention;
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[0045] FIG. 7A is a perspective view of an electron emis-
sion source according to another embodiment of the present
invention;

[0046] FIG. 7B is a side view of the electron emission
source of FIG. 7A according to an embodiment of the present
invention;

[0047] FIG. 8 is a perspective view of an electron emission
source according to another embodiment of the present inven-
tion;

[0048] FIGS. 9A through 9F are cross-sectional views
illustrating a method of manufacturing an electron emission
source according to an embodiment of the present invention;
[0049] FIGS. 10A and 10B are scanning electron micros-
copy (SEM) images of a carbon nanotube (CNT) layer before
and after the CNT layer is subjected to a taping process;
[0050] FIG. 11 is agraphillustrating a relationship between
electric field and current density before and after a CNT layer
of a CNT field electron emission source is subjected to a
taping process;

[0051] FIG. 12 is agraphillustrating a relationship between
current density and electric field after a CNT field electron
emission source is subjected to a surface protrusion process
when a CNT suspension is at different concentrations;
[0052] FIG. 13 is agraphillustrating a relationship between
field enhancement factor and turn-on electric field, threshold
electric field, maximum electric field, and concentration of a
CNT colloidal suspension;

[0053] FIGS. 14A, 14B, and 14C are optical photographs
illustrating a brightness difference between three samples
with different luminous areas manufactured according to the
present invention;

[0054] FIG. 15 is a graph illustrating results of an electron
emission stability test on different types of CNTs;

[0055] FIG. 16 is a plan view illustrating cathodes of a
display apparatus according to an embodiment of the present
invention;

[0056] FIG. 17 is a cross-sectional view taken along line
A-A' of FIG. 16 according to an embodiment of the present
invention;

[0057] FIG. 18 is a cross-sectional view of a display appa-
ratus according to an embodiment of the present invention;
[0058] FIG. 19A is a cross-sectional view illustrating a
method of manufacturing a cathode of a display apparatus
according to an embodiment of the present invention; and
[0059] FIG. 19B is a cross-sectional view illustrating a
method of manufacturing a cathode of a display apparatus
according to another embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0060] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
embodiments of the invention are shown. This should not be
construed as limiting the claims to the embodiments shown.
Rather, these embodiments are provided to convey the scope
of'the invention to those skilled in the art. In the drawings, the
size and relative sizes of elements and regions may be exag-
gerated for clarity.

[0061] It will be understood that when an element or layer
is referred to as being “on”, “interposed”, “disposed”, or
“between” another element or layer, it can be directly on,
interposed, disposed, or between the other element or layer or
intervening elements or layers can be present.

[0062] The terms “first,” “second,” and the like, “primary,”
“secondary,” and the like, as used herein do not denote any
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order, quantity, or importance, but rather are used to distin-
guish one element, region, component, layer, or section from
another. The terms “front”, “back”, “bottom”, and/or “top”
are used herein, unless otherwise noted, merely for conve-
nience of description, and are not limited to any one position
or spatial orientation.

[0063] Theterms “a”and “an’ do not denote a limitation of
quantity, but rather denote the presence of at least one of the
referenced item. The suffix “(s)” as used herein is intended to
include both the singular and the plural of the term that it
modifies, thereby comprising one or more of that term (e.g.,
the layer(s) includes one or more layers).

[0064] Reference throughout the specification to “one
embodiment”, “another embodiment”, “an embodiment”,
and so forth, means that a particular element (e.g., feature,
structure, and/or characteristic) described in connection with
the embodiment is included in at least one embodiment
described herein, and may or may not be present in other
embodiments. In addition, it is to be understood that the
described elements may be combined in any suitable manner
in the various embodiments.

[0065] The endpoints of all ranges directed to the same
component or property are inclusive of the endpoint and
independently combinable, e.g., ranges of “up to about 25 wt.
%, or, more specifically, about 5 wt. % to about 20 wt. %,” is
inclusive of the endpoints and all intermediate values of the
ranges of “about 5 wt. % to about 25 wt. %,” etc. The modifier
“about” used in connection with a quantity is inclusive of the
stated value and has the meaning dictated by the context (e.g.,
includes the degree of error associated with measurement of
the particular quantity).

[0066] Unless defined otherwise, technical and scientific
terms used herein have the same meaning as is commonly
understood by one of skill in the art to which this invention
belongs.

[0067] FIG.1 is aperspective view of a unit electron emis-
sion source 10 according to an embodiment of the present
invention. FIG. 2 is a cross-sectional view of the electron
emission source 10 of FIG. 1.

[0068] Theelectron emission source 10 uses needle-shaped
electron emission materials. Examples of the needle-shaped
electron emission materials include hollow nanotubes or
filled nanorods, e.g., carbon nanotubes or carbon nanorods, or
other metal materials. Carbon nanotubes (CNTs), which are
representative needle-shaped electron emission materials,
will be exemplarily explained. However, the present inven-
tion is not limited thereto and any needle-shaped materials
capable of emitting electrons can be used.

[0069] Referring to FIGS. 1 and 2, the electron emission
source 10 includes a plate-shaped cathode 11 to whicha CNT
layer 13 is fixed by an adhesive layer 12, and a cathode base
14 supporting the cathode 11. The cathode 11 includes a
ring-shaped fixing member 15. The fixing member 15 is forc-
edly fitted around a protrusion 14a of the base 14 to fixedly
compress a skirt portion 11a of the cathode 11. The plate-
shaped cathode 11 is formed of a plate-shaped conductive
material that is separately manufactured from the base 14.
The adhesive layer 12 is formed on a surface of the cathode
11, such that CNTs of the CNT layer 13 having lower ends
contacting the adhesive layer 12 are strongly attached to the
cathode 11. The CNT layer 13 is formed from substantially
pure CNTs, and thus has higher stability and reliability than a
conventional CNT layer formed of CNT paste. Since the CNT
layer 13 formed on the plate-shaped cathode 11 is fixed to the
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base 14 that is a support structure of the electron emission
source 10, a manufacturing process is simple. Also, since a
high temperature process is not required, there is no financial
burden accompanying the high temperature process. In par-
ticular, since the adhesive layer 12 which may include organic
matters is formed only under the CNTs, the risk of collisions
between the organic matters and electrons is very low, and
thus organic gas is hardly generated.

[0070] FIG. 3 is a cross-sectional view of the cathode 11 of
the electron emission source 10 according to another embodi-
ment of the present invention. Referring to FIG. 3, since
another adhesive layer 124 is formed on a bottom surface of
the plate-shaped cathode 11, the cathode 11 can be more
securely fixed to the cathode base 14 due to the adhesive layer
124a. The adhesive layer 12 disposed between the cathode 11
and the CNT layer 13 and fixing the CNTs of the CNT layer
13 to the cathode 11 may be a material layer already formed
on a surface of the plate-shaped cathode 11. That is, the
plate-shaped cathode 11 may be manufactured to have both
surfaces to which the adhesive layers 12 and 12q are applied
and then may be used for the electron emission source 10. The
upper adhesive layer 12 for fixing the CNTs to the cathode 11
may be formed only under the CNT layer 13, or alternatively,
may be formed over an entire top surface of the cathode 11.
The adhesive layer 12 is formed only under the CNT layer 13
in FIG. 1.

[0071] The fixing member 15 for fixing the cathode 11 to
the cathode base 14 is optional. The base 14 and the fixing
member 15 are complimentarily engaged with each other
such that the cathode base 14 and the fixing member 15 can
securely fix the cathode 11 between the cathode base 14 and
the fixing member 15. FIG. 4 illustrates various cathode bases
according to embodiments of the present invention. Referring
to FIG. 4, the protrusion 14a may have a polygonal shape,
such as a square, a diamond, a triangle, or a pentagon, an oval
shape, or other various shapes such as a letter, a number, or a
symbol. The fixing member 15 may have a conformal shape
to engage with the protrusion 14a.

[0072] FIG. 5A is a perspective view of an electron emis-
sion source according to another embodiment of the present
invention. FIG. 5B is a side view of the electron emission
source of FIG. 5A according to an embodiment of the present
invention. Referring to FIGS. 5A and 5B, without using the
fixing member 15, a cathode 111 to which aCNT layer 113 is
fixed by an adhesive layer 112 may be directly welded to a
cathode base 114. The cathode 111 has a band shape, and the
cathode base 114 includes a protrusion 114a having an angu-
lar side surface. The electron emission source is formed by
first forming the CNT layer 113 on the cathode 111, pulling
out both ends of the cathode 111 with an appropriate tensile
force, and welding the cathode 111 to the protrusion 114a of
the cathode base 114. In FIGS. 5A and 5B, reference numeral
111a denotes a welding point or a welding portion having a
predetermined length. Without using the fixing member 15
shown in FIGS. 1 and 2, the cathode 111 of FIGS. 5A and 5B
is directly fixed to the cathode base 114.

[0073] FIGS. 6A and 7A are perspective views of electron
emission sources according to other embodiments of the
present invention. FIGS. 6B and 7B are cross-sectional views
of'the electron emission sources of FIGS. 6 A and 7A, respec-
tively, according to embodiments of the present invention.
[0074] The electron emission source of FIGS. 6 A and 6B is
similar in structure to the electron emission source of FIGS.
5A and 5B. A protrusion 1244 of a cathode base 124 has a
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curved side surface that is partially surrounded by a cathode
121. The cathode 121 has a band shape, and the cathode base
124 includes the protrusion 124a having the curved side
surface. The electron emission source of FIGS. 6A and 6B is
formed by fixing a CNT layer 123 to the cathode 121 by using
an adhesive layer 122, pulling out both ends of the cathode
121 with an appropriate tensile force, and welding the cath-
ode 121 to welding portions 121a that are formed at lower
sides of the protrusion 124a of the cathode base 124.

[0075] Referring to FIGS. 7A and 7B, a cylindrical protru-
sion 134a of a cathode base 134 has a curved side surface. A
CNT layer 133 is located on a cathode 131 corresponding to
the protrusion 134a. The CNT layer 133 is fixed to the cath-
ode 131 by using an adhesive layer 132.

[0076] A lower skirt portion 131a of the cathode 131 is
strongly pressed to the protrusion 134a by a fixing member
135. The cathode 131 may be formed of a flexible material,
such as aluminum, so that the cathode 131 can be closely
attached to the protrusion 134a having the curved side sur-
face. The cathode may have a wrinkle portion 1315 in the
lower skirt portion 131a.

[0077] FIG. 8 is a perspective view of an electron emission
source according to another embodiment of the present inven-
tion. A cathode 141 is welded to a plate-shaped cathode base
144. In detail, the cathode 141 has a disk shape, and a CNT
layer 143 is formed on a central portion of the cathode 141. A
skirt portion 141a of the cathode 141 is welded to a top
surface of the cathode base 144. In F1G. 8, reference numeral
14154 denotes a welding portion.

[0078] In the aforementioned embodiments, although the
cathodes 111 and 141 are respectively welded to the cathode
bases 114 and 144, adhesive layers may be formed under the
cathodes 111 and 141 so that the cathodes 114 and 141 can be
more securely and stably fixed to the cathode bases 114 and
144.

[0079] The unit electron emission sources may be applied
to electronic devices in various fields. Examples of the elec-
tron devices include a visible light source used for illumina-
tion, a backlight unit for a flat panel display (FPD), an elec-
tronic source for an X-ray device, and an electronic device for
high power microwaves.

[0080] In the above embodiments, the cathodes 11, 111,
121, 131, and 141 are conductors having properly adjusted
electrical resistances, such that current is uniformly supplied
to the CNT layers 13, 113, 123, 133, and 143 fixed to the
surfaces of the cathodes 11, 111, 121, 131, and 141 and the
CNT layers 13, 113, 123, 133, and 143 can uniformly emit
electrons.

[0081] FIGS. 9A through 9F are cross-sectional views
illustrating a method of manufacturing a unit electron emis-
sion source according to an embodiment of the present inven-
tion.

[0082] First, a CNT colloidal suspension (referred to as a
suspension), and a filter template formed of Teflon, ceramic,
anodic aluminum oxide (AAO), or polycarbonate are pre-
pared. The suspension is a colloidal solution formed by dis-
persing CNT powder in a solvent and a surfactant. For more
even dispersion, ultrasonic treatment may be performed. The
suspension is filtered through the filter template and only
CNTs are left behind on a surface of the filter template. The
suspension is dried, and only the left CNTs are patterned and
transferred to a plate-shaped cathode. The CNTs may be
single-walled (SW) CNTs, double-walled (DW) CNTs, thin
multi-walled (MW) CNTs, or thick MWCNTs. The solvent is
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any one selected from the group consisting of ethanol, dim-
ethyl formamide, tetrahydrofuran, dimethyl acetamide, 1,2
dichloroethane, and 1,2 dichlorobenzene.

[0083] The surfactant is any one selected from the group
consisting of sodium dodecylbenzene sulfonate (NaDDBS
C1,H,,C,H,SO;Na), sodium butylbenzene sulfonate
(NaBBS C,H,C,H,SO;Na), sodium benzoate
(CcH5CO,Na), sodium dodecyl sulfate (SDS; CH,(CH,)
110S0O;Na), Triten X-100 (TX100; C;H,,C,H,(OCH,CH,)
n-OH; n 10), dodecyltrimethylammonium bromide (DTAB;
CH,;(CH,),,N(CH,),Br), and arabic gum.

[0084] Referring to FIG. 9A, a suspension is filtered
through a filter template 21, patterned into a predetermined
shape, and dried to form a CNT layer 13'. The predetermined
shape corresponds to the shape of a cathode 11 of the electron
emission source, for example, any one of the various shapes
shown in FIG. 4. The predetermined shape varies depending
on the shape of the cathode 11. Here, by controlling a solvent
and a surfactant of the suspension and the concentration of
CNTs, CNT density can be freely controlled and optimal
electron emission under various surrounding electrical con-
ditions can be obtained, and thus a CNT layer with good
reproduction, high uniformity, and optimal density can be
formed. The suspension is applied to the filter template 21,
only the CNTs are left behind, and a liquid material is passed
through the filter template 21. When a drying process is
performed in this state, the CNT layer 13' is formed on the
surface of the filter template 21. Air drying or vacuum drying
may be performed at room temperature or at high tempera-
ture.

[0085] Referring to FIG. 9B, the cathode 11 having both
surfaces on which upper and lower adhesive layers 12 and 12a
are disposed is prepared. The lower adhesive layer 12a is
protected by release paper (not shown) for preventing foreign
particles from sticking to the lower adhesive layer 12a. The
cathode 11 is formed of a conductive material such as a
conductive fabric or a metal plate. The upper and lower adhe-
sive layers 12 and 124 may be formed of a conductive mate-
rial such as a mixture of modified nickel and a polymer resin.
In detail, the cathode 11 is formed of an aluminum foil having
a thickness of 0.01 to 0.04 mm, or a conductive sheet includ-
ing copper or nickel and having a thickness of 0.01 to 0.04
mm, or a conductive fabric having a thickness of 0.01 to 0.20
mm. That is, the cathode 11 may be formed of any one of a
conductive fabric and a conductive sheet including any one of
aluminum, copper, and nickel.

[0086] Each of the upper and lower adhesive layers 12 and
124 is formed of a mixture of conductive powder, such as
nickel or carbon black, and an adhesive resin, such as acrylic
ester polyol copolymer. Each of the upper and lower adhesive
layers 12 and 124 is a conductive tape having a contact resis-
tance of less than 0.1 ©/25 mm? and an allowable temperature
of -30° C.to 105° C.

[0087] Referring to FIG. 9C,the CNT layer 13' on the filter
template 21 is brought into contact with the upper adhesive
layer 12 of the cathode 11 at a predetermined pressure, and
then the filter template 21 is separated from the CNT layer 13'
to form a CNT layer 13 for electron emission on the cathode
11.

[0088] FIG. 9D illustrates that the CNT layer 13 is sub-
jected to a taping process such that CNTs of the CNT layer 13
which are randomly arranged on the cathode 11 are vertically
aligned. Referring to FIG. 9D-(a), an adhesive tape 22 is
adhered to the CNT layer 13 on the cathode 11, and then is
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pulled up to strip off from the CNT layer 13. As such, exposed
CNTs on a surface of the CNT layer 13 are vertically erected
to the cathode 11 due to the adhesive tape 22. That is, the
CNTs are erected in a direction perpendicular to the cathode
11 by means of the tape 22. Instead of the tape 22, an adhesive
roller 23 may be used as shown in FIG. 9D-(b). Referring to
FIG. 9D-(b), the adhesive roller 23 is rolled over the surface
of'the CNT layer 13 at a predetermined pressure, such that the
CNTs are vertically erected to the cathode 11. During the
taping process, some of the CNTs weakly fixed to the upper
adhesive layer 12 of the cathode 11 may be separated and
removed from the cathode 11. However, since most of the
CNTs are strongly fixed to the cathode 11, the CNTs are
vertically erected.

[0089] FIG. 9E illustrates that the cathode 11 is coupled to
a cathode base 14. Referring to FIG. 9E, the cathode base 14
having a protrusion 14a is prepared, and then the cathode 11
is mounted on the cathode base 14. The CNT layer 13 formed
on the cathode 11 is located to correspond to a top surface of
the protrusion 14a. In this state, a fixing member 15 having a
coupling hole 15a corresponding to the protrusion 14a is
prepared. For clarity, the thicknesses of the cathode 11 and the
upper and lower adhesive layers 12 and 124 of FIGS. 9C
through 9E are exaggerated.

[0090] Referring to FIG. 9F, the fixing member 15 is fitted
around the protrusion 14a, to fix the cathode 11 to the cathode
base 14. The fixing member 15 fixes a skirt portion 11a of the
cathode 11 around the protrusion 144, thereby obtaining a
desired single electron emission source 10. The upper and
lower adhesive layers 12 and 124 formed on both the surfaces
of the cathode 11 are not shown in FIG. 9F.

[0091] The method of FIGS. 9A through 9F may be modi-
fied in various ways. For example, the taping process for
vertically erecting the CNTs of the CNT layer 13 may be
performed in the state where the cathode 11 is fixed to the
cathode base 14. That is, after the operations of 9C, 9E, and 9F
are performed, the taping process of FIG. 9D-(a) using the
adhesive tape 22 or of FIG. 9D-(b) using the adhesive roller
23 may be performed. However, the present invention is not
limited to the taping process of FIG. 9D, and various modi-
fications can be made without departing from the scope of the
present invention.

[0092] The electron emission source according to the
present invention is characterized in that after a CNT layer is
fixed to a surface of a cathode, which is a plate-shaped con-
ductor, by an adhesive layer, the cathode is fixed to a cathode
base. That is, unlike a conventional electron emission source
in which a cathode is fixed to a substrate and then CNTs are
grown or fixed to the cathode, the electron emission source
according to the present invention is characterized in that that
a CNT layer is formed on a plate-shaped cathode and then the
cathode is coupled to a substrate or a cathode base supporting
the cathode. Each of the cathode bases in the above embodi-
ments may correspond to the substrate of the conventional
electron emission source. Unlike the conventional electron
emission source in which the CNTs and paste are mixed, the
electron emission source according to the present invention is
also characterized in that an adhesive layer is disposed only
under CNTs and the CNTs are fixed to the cathode due to the
adhesive layer.

[0093] A method of manufacturing the electron emission
sources shown in FIGS. 5A, 5B, 6 A, and 6B would have been
easily derived from the method of FIGS. 9A through 9F.
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[0094] FIGS. 10A and 10B are scanning electron micros-
copy (SEM) images and emission patterns of a CNT layer
before and after the CNT layer is subjected to a taping pro-
cess. Referring to FIG. 10A, most of CNTs are tangled and lie
down like a net and some of the CNTs are sparsely standing.
In order to test electric field electron emission uniformity, a
field emission pattern test was performed on a structure
including an anode, which was formed by applying a phos-
phor to a transparent glass coated with indium tin oxide
(ITO), and a cathode usinga CNT layer that was not subjected
to a taping process. A distance between the anode and the
cathode was 400 um. Referring to the emission pattern image
shown at an upper right corner of FIG. 10A, partial emission,
not a complete emission, is observed. This is because most of
the CNTs lie down and the number of CNTs contributing to
field electron emission is low. However, referring to FIG.
10B, since the taping process is performed, CNTs are verti-
cally erected to uniform heights. Referring to the emission
pattern image at an upper right corner of FIG. 10B, complete
emission, not partial emission, is observed. This is because
most of the CNTs are vertically erected, and when an electric
field is applied, the electric field concentrates on tips of the
vertically erected CNTs, thereby resulting in easy field elec-
tron emission and uniform electron emission.

[0095] FIG. 11 is agraphillustrating a relationship between
current density J (A/em?) and electric field F (V/um) before
and after a CNT layer of a CNT electron emission source is
subjected to a taping process. A field electron emission test
was performed on a structure including an anode, which was
a stainless steel plate, and a cathode, which was a CNT field
electron emission source. A distance between the anode and
the cathode was 400 um, and an electron emission area was
0.19625 cm?. A vacuum level was 2x 1077 torr, and an applied
voltage ranged from 0V to 3500 V. CNT powder used for the
CNT electric field emission source was a thin-MWCNT hav-
ing an average diameter of approximately 7 nm. A CNT
colloidal suspension was at a concentration of 20 mg/l. A
turn-on electric field necessary to obtain a current density of
0.1 pA/cm? before and after a taping process was 1.24 V/um
and 0.88 V/um, and an electric field necessary to obtain a
maximum current density of 10 mA/cm?® before and after a
taping process was 2.70 V/um and 1.98 V/um. It can be seen
that higher electric field electron emission characteristics at a
low electric field can be obtained after the taping process than
before the taping process. Also, it can be seen that since
adhesion between the cathode formed of a conductive tape
and the CNT layer is high after the taping process, stable
electric field electron emission can be achieved even at a high
electric field. A graph embedded in FIG. 11 is a Fowler-
Nordheim plot illustrating a relationship between current
density and electric field before and after of a CNT layer of a
CNT field electron emission source is subjected to a taping
process using an adhesive tape. Electric emission generally
obeys the Fowler-Nordheim equation, and current density J is
given by J=a(E,, >/¢)exp(-b¢*>*/E,, ) where a and b are con-
stants, ® is a work function (ev), E, . is an electric field
applied to a tip of the CNT field electron emission source and
satisfies E, = F (j: field enhancement factor), and F=V/d
(V: a voltage between the anode and the cathode, and d: a
distance between the anode and the cathode). Accordingly, in
order to obtain a high current density J, the electric field E, .
applied to the tip of the CNT field electron emission source
must be maximized and the work function ® must be mini-
mized. However, when the electric field E,,. applied to the tip
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of'the CNT field electron emission source is high, the tip of
the CNT field electron emission source may be deteriorated
and deformed and electric field emission characteristics may
be deteriorated, thereby lowering efficiency. It is most effec-
tive to change the shape of the CNT electron emission source.
The field enhancement factor 3, which is related to the shape
of the CNT electron emission source, is a proportional con-
stant for the electric field E, . applied to the tip of the CNT
field electron emission source and the electric field F applied
between the anode and the cathode. Since the field enhance-
ment factor f§ is related to the shape of the CNT field electron
emission source, the field enhancement factor [} increases as
an aspect ratio increases. Accordingly, although the electric
field F applied between the anode and the cathode is the same,
the electric field E, . applied to the tip of the CNT field
electron emission source is high, thereby improving electric
field emission characteristics. Referring to the Fowler-Nord-
heim plot of FIG. 11, an almost vertical gradient is shown
when an electric field is low, and field electron emission
characteristics and the field enhancement factor f§ can be
obtained from the gradient. The field enhancement factor §
was 2338 before the taping process and 3337 after the taping
process. It can be seen that CNTs lying down before the
taping process are vertically aligned after the taping process
to increase the field enhancement factor [} and improve elec-
tric field emission characteristics.

[0096] FIG. 12 is a graph illustrating current density and
electric field after a CNT field electron emission source is
subjected to a surface protrusion process when a CNT sus-
pension is at different concentrations. After a test was per-
formed on samples having CNT suspensions at concentra-
tions of 1.25, 2.5, 5.0, 10, and 20 mg/l, it is found that a
turn-on electric field and a maximum current density are
obtained at a low electric field. After a test was performed on
samples having CNT suspensions at concentrations of 40 and
80 mg/l, it is found that the intensity of an electric field
necessary to obtain a turn-on electric field and a maximum
current density is saturated at a level similar to that when the
CNT colloidal suspension is at the concentration of 20 mg/1.
Accordingly, when the colloidal suspension has a concentra-
tion of 20 mg/l, high electric field electron emission charac-
teristics are obtained, and the present invention can easily
control optimal CNT field electron emission density. A graph
embedded in FIG. 12 is a Fowler-Nordheim plot illustrating a
relationship between current density and electric field after a
surface protrusion process when a CNT suspension is at dif-
ferent concentrations. After the test was performed on the
samples having the CNT suspensions at concentrations of
1.25, 2.5, 5.0, 10, and 20 mg/l, it is found that the field
enhancement factor [ increases as the concentration
increases. After the test was performed on the samples having
the CNT suspensions at concentrations of 40 and 80 mg/l, itis
found that the field enhancement factor fj is saturated at a level
similar to that the intermediate CNT colloidal suspension is at
the concentration of 20 mg/1. Accordingly, optimal field elec-
tron emission density and maximum field emission charac-
teristics can be obtained by controlling the concentration of
the CNT suspension.

[0097] FIG.13is agraphillustrating a relationship between
field enhancement factor 3, turn-on electric field, a threshold
electric field, maximum electric field, and concentration of a
CNT colloidal suspension.
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[0098] FIGS. 14A, 14B, and 14C are optical photographs
illustrating a brightness difference between three samples
with different luminous areas manufactured according to the
present invention.

[0099] CNT layers of FIGS. 14A through 14C had diam-
eters of 5 mm (0.19625 cm?), 10 mm (0.785 cm?), and 20 mm
(3.14 cm?), respectively. The electron emission source shown
in FIG. 1 was used, an anode formed by coating a phosphor to
a transparent glass coated with ITO was used, a distance
between the anode and a cathode was 400 um, a vacuum level
was 2x1077 torr, and an applied voltage ranged from 0 V to
3500 V. It can be seen from FIGS. 14A through 14C that very
satisfactory luminous efficiency, that is, very uniform bright-
ness, is achieved, and even when a luminous area increases,
very high luminous efficiency is achieved.

[0100] FIG. 15 is a graph illustrating results of an electron
emission stability test on different types of CNTs. It can be
seen from FIG. 15 that MWCNTs are more stable than
DWCNTs.

[0101] Theafore-described single electron emission source
may be applied to a display apparatus. In general, display
apparatuses have pixels that are electrically addressed in an
X-Y matrix, stripe-like cathodes spanning the width of a
screen are arranged in parallel, and CNT layers are formed on
surfaces of the cathodes to correspond to the pixels.

[0102] FIG. 16 is a plan view illustrating cathodes 31
arranged on a substrate 30 of a display apparatus according to
an embodiment of the present invention. FIG. 17 is a cross-
sectional view taken along line A-A' of FIG. 16 according to
an embodiment of the present invention. CNT layers 32 are
formed on surfaces of the cathodes 31 at intervals correspond-
ing to pitches of pixels of the display apparatus. The cathodes
31 are formed of a conductive material or a material with an
electrical resistance. After separately manufactured, the cath-
odes 31 are fixed to the substrate 30 by welding or by using
adhesive layers 315. The CNT layers 32 are fixed to top
surfaces of the cathodes 31 by using adhesive layers 31a
formed under the CNT layers 32. The adhesive layer 31a for
fixing the CNT layers 32 to the cathodes 31 may be formed on
the entire top surfaces of the cathodes 31 as shown in FIG. 16,
or may be formed only under the CNT layers 32.

[0103] FIG. 18 is a cross-sectional view of a display appa-
ratus according to an embodiment of the present invention.

[0104] Referring to FIG. 18, a cathode 31 is attached to a
top surface of a substrate 30, which is a rear plate, by using an
adhesive layer 315. The adhesive layer 315 is an optional
element for fixing the cathode 31 to the substrate 30. When
the adhesive layer 315 is not used, the cathode 31 may be fixed
to the substrate 30 by welding or other adhesion methods as
described in the above embodiments. A CNT layer 32 is
formed on a top surface of the cathode 31. The CNT layer 32
is fixed to the cathode 31 by using an adhesive layer 31a that
is formed under the CNT layer 32. The cathode 31 is sepa-
rately manufactured from the substrate 30, and then is fixed to
the substrate 30 by using the adhesive layer 31a or other
means. The CNT layer 32 may be fixed to the cathode 31 in
the aforementioned manufacturing method. An insulating
layer 40 having a through-hole through which the CNT layer
32 is to be passed is formed on the cathode 31, and a grid 41
for extracting electrons is disposed on the insulating layer 40.
A front plate structure is separately manufactured, and then is
integrally coupled to the grid 41. The front plate structure
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includes a front plate 50 and an anode 51 formed on an inner
surface of the front plate 50. A phosphor layer 52 is formed on
a surface of the anode 51.

[0105] The CNT layer 32 disposed on the cathode 31 is
manufactured by usinga CNT suspension. Since a plurality of
CNT layers 32 are disposed on one band-shaped cathode 31,
it is necessary to apply a CNT suspension to a plurality of
regions of a filter template corresponding to the one cathode
31. To this end, the CNT suspension may be supplied to only
the given regions of the cathode 31 by using a printing method
or a mask.

[0106] FIG. 19A is a cross-sectional view illustrating a
method of manufacturing a cathode of a display apparatus
according to an embodiment of the present invention. FIG.
198 is a cross-sectional view illustrating a method of manu-
facturing a cathode of a display apparatus according to
another embodiment of the present invention. Referring to
FIG. 19A, a CNT suspension is supplied to a band-shaped
filter template 60 through a nozzle. The CNT suspension is
dried, and then is transferred, to obtain a cathode 31 having
CNT layers 32 as shown in FIGS. 16, 17, and 18. Alterna-
tively, a suspension may be supplied at one time as shown in
FIG. 19B. Referring to FIG. 19B, a mask 80 having through-
holes corresponding to CNT layers is placed over a filter
template 60 and then a CNT suspension 32" is supplied.
Accordingly, the CNT suspension 32" can be supplied to
given regions of the filter template 60 in a short time. In this
case, since the CNT suspension 32" is in contact with the
mask 80, when the mask 80 is separated from the filter tem-
plate 60 before the CNT suspension 32" is dried, the CNT
suspension 32" is stuck a little to the mask 80, thereby failing
to form complete CNT layers on the filter template 60.
Accordingly, it is preferable that after the CNT suspension
32" is properly or completely dried, the mask 80 should be
separated from the filter template 60. The plurality of CNT
layers are formed on the filter template 60 in this way, and
then are transferred to the cathode.

[0107] Accordingly, a CNT thin film formed by using a
suspension filtering method can be easily transferred by using
a conductive tape with strong adhesion. Since adhesion
between the CNT thin film and the conductive tape is very
high, field electron emission characteristics of the CNT thin
film can be improved by a simple taping process. Stable and
reliable electric field electron emission characteristics can be
obtained without attaching or detaching the CNT thin film
during electric field electron emission even at a high electric
field. The active electron emission site density of the CNT
thin film can be easily controlled by controlling the concen-
tration of an evenly dispersed CNT colloidal suspension.
Also, a large CNT thin film with uniform characteristics can
be easily manufactured by using this method, and thus a large
CNT field electron emission source can be manufactured.

[0108] As described above, according to the present inven-
tion, a CNT layer having an optimal concentration for electric
field electron emission is formed by preparing an evenly
dispersed CNT colloidal suspension by using any of various
types of needle-shaped electron emission materials, that is,
nanotubes or nanorods having a predetermined length, for
example, CNT powder, through a suspension filtering
method, supplying the suspension onto a filter template hav-
ing pores, filtering the suspension through the filter template,
and drying the suspension. Since CNTs are very uniformly
dispersed in the suspension, the CNT layer formed on the
filter template can have uniform CNTs. Since the CNT layer
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is transferred to a cathode on which an adhesive layer is
formed, the CNT layer can be stably fixed to the cathode.
Since the CNT layer is subjected to a subsequent taping
process such that the CNTs are vertically erected to the cath-
ode, the number of CNTs contributing to electron emission
can be drastically increased. Since the CNT layer can be
formed on the cathode at low temperature or room tempera-
ture, not at high temperature, problems that a conventional
high temperature process encounters can be avoided. Accord-
ingly, the electron emission source according to the present
invention can be structurally very stable and can ensure high
and uniform electron emission.

[0109] Since the electron emission source according to the
present invention can be simply manufactured at room tem-
perature without a complicated process without using paste
including conductive organic/inorganic matters, binders, and
polymers which badly affect field electron emission charac-
teristics, a large electron emission source can be manufac-
tured. In particular, since a large electron emission area can be
easily obtained, a display apparatus can have one CNT layer
at one pixel.

[0110] Since the CNT layer is formed by using the suspen-
sion, the concentration of the CNT layer can be easily con-
trolled by controlling the concentration of the CNTs, and
accordingly, optimal field electron emission source density
can be obtained.

[0111] 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 defined by the following claims.

What is claimed is:

1. A method of manufacturing an electron emission source,
the method comprising:

forming an electron emission material layer on a template;

transferring the electron emission material layer to a plate-

shaped cathode on which an adhesive layer is formed;
and

performing a surface treatment process on the electron

emission material layer transferred to the cathode to
erect electron emission materials with respect to the
cathode.

2. The method of claim 1, wherein the template is a filter
template having filterability.

3. The method of claim 1, wherein the forming of the
electron emission material layer on the template comprises:

applying a suspension in which electron emission materi-

als are dispersed onto the template; and

drying the suspension.

4. The method of claim 1, further comprising fixing the
cathode to a base that supports the cathode.

5. The method of claim 1, wherein the surface treatment
process uses any one selected from the group consisting a
method using an adhesive tape, a roller rubbing method, an
ion beam emitting method, a plasma treatment method, a
laser beam emitting method, a neutron beam emitting
method, and a hydrogen gas exposing method.

6. The method of claim 3, wherein the suspension includes
a solvent and a surfactant.

7. A method of manufacturing a display apparatus com-
prising a front plate on which an anode is formed and a
substrate on which a cathode is formed, the method compris-
ing:
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forming a plurality of electron emission material layers at

predetermined intervals on a band-shaped template;

transferring the electron emission material layers to a

band-shaped cathode on which an adhesive layer is
formed;

performing a taping process on the electron emission mate-

rial layers transferred to the cathode to erect electron
emission materials with respect to the cathode; and
fixing the cathode to a rear plate.

8. The method of claim 7, wherein the template is a filter
template having filterability.

9. The method of claim 7, wherein the forming of the
plurality of electron emission material layers on the template
comprises:

applying a suspension in which electron emission materi-

als are dispersed onto the template; and

drying the suspension.

10. The method of claim 7, wherein an adhesive layer to
which the electron emission material layers are fixed is
formed on a side surface of the cathode.
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