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(54) Lighting device

(57) A carbon fiber mixed paper (8) obtained by mix-
ing a fiber blend (7), which is obtained by knitting a carbon
fiber and a glass fiber, into a paper material is used as
the material for an anode opposite to an electron emis-
sion cathode. A phosphor is applied onto this carbon fiber
mixed paper (8), and further, an electrode (9) is provided.

The present invention reduces heat generation at the an-
ode as much as possible and enables uniform illumina-
tion without providing a diffuser. Moreover, the present
invention does not require an electrode made of a trans-
parent conductive film.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a lighting de-
vice, and more particularly to a lighting device using a
field emission type electron emitter.

2. Description of the Prior Arts

[0002] There has recently been proposed a thin-sized
lighting device wherein electrons are emitted from an
electron emission cathode by applying an electric field in
a vacuum and the emitted electrons are caused to collide
with a phosphor applied on an anode to thereby emit light
(see Japanese Unexamined Patent Application No.
2001-15077). In such a lighting device, the anode is con-
figured such that a transparent conductive film (ITO) and
a phosphor are formed on a glass substrate.
[0003] In the lighting device described above, elec-
trons emitted from the electron emission cathode to be
accelerated collide with the phosphor to emit light, there-
by giving residual energy to the anode. The anode gen-
erates heat by this energy. When high voltage is applied
between the anode and the cathode in order to provide
a bright light-emission, in particular, the heat generation
from the anode becomes remarkably great, thereby
bringing a possibility of damaging the lighting device. Fur-
ther, in case where the light-emission is not uniform, it is
necessary to provide a diffusion plate to the anode for
diffusing light to obtain uniform light-emission.
[0004] The present invention reduces the heat gener-
ation from the anode as much as possible and enables
a uniform illumination without a diffusion plate.

SUMMARY OF THE INVENTION

[0005] A lighting device according to the present in-
vention is provided with an electron emission cathode
and an anode having a phosphor, wherein the material
for the anode includes a carbon fiber.
[0006] According to the present invention, the material
for the anode includes a carbon fiber, whereby electrons
emitted from the electron emission cathode radiate heat
by the carbon fiber that is excellent in thermal conduc-
tivity, even if they collide with the anode to generate heat.
It should be noted that the carbon fiber can be used as
an electrode without forming a transparent conductive
film as conventionally, since the carbon fiber has con-
ductivity. The material for the anode is preferably a car-
bon fiber mixed paper obtained by mixing a carbon fiber
into a paper material. Using a carbon fiber mixed paper
obtained by mixing a carbon fiber into a paper material
as the material for the anode reduces a density compared
to a conventional glass substrate and reduces the heat
generation when the electrons collide with the anode,

thereby being capable of reducing the heat generation
at the anode. Moreover, it is a mixed paper, i.e., a paper,
so that it can diffuse light, which means a diffuser is not
required to be provided.
[0007] More preferably, the carbon fiber mixed paper
has a glass fiber mixed therein in addition to the carbon
fiber. Mixing the glass fiber allows light to uniformly be
diffused. More preferably, the glass fiber knitted with or
weaved with the carbon fiber is mixed into the paper ma-
terial. More preferably, the phosphor is applied onto the
carbon fiber mixed paper. The phosphor can easily be
applied in case where the material for the anode is the
mixed paper.
[0008] More preferably, the phosphor is mixed into the
paper material. Mixing phosphor powders into the paper
material can provide an anode material having a phos-
phor. The tone of the light-emission can easily be adjust-
ed by suitably selecting the mixing ratio.
[0009] More preferably, the material for the anode is a
fiber blend including the carbon fiber and the glass fiber.
Using a fiber blend including the carbon fiber and the
glass fiber as the material for the anode reduces a density
compared to a conventional glass substrate and reduces
the heat generation when the electrons collide with the
anode, thereby being capable of reducing the heat gen-
eration at the anode. Moreover, it is a fiber blend of the
glass fiber, so that it can diffuse light, which means a
diffuser is not required to be provided.
[0010] More preferably, the fiber blend is obtained by
knitting or weaving the carbon fiber and the glass fiber,
whereby light-emission and heat radiation can be made
uniform.
[0011] More preferably, the phosphor is applied onto
the fiber blend. The phosphor can easily be applied in
case where the material for the anode is the fiber blend.
[0012] As described above, a material including a car-
bon fiber, preferably a carbon fiber mixed paper is used
as the material for an anode in the present invention.
Therefore, electrons emitted from an electron emission
cathode collide with the mixed paper having low density,
whereby the heat generation is restrained. Even if the
heat generation occurs, the generated heat is radiated
by the carbon fiber excellent in thermal conductivity, with
the result that the heat generation can be reduced at the
anode.
[0013] Further, the mixed paper is used, so that the
emitted light is uniformly diffused. The inclusion of the
glass fiber further promotes the diffusion, whereby the
diffuser can be omitted.
[0014] Moreover, the carbon fiber has conductivity, so
that the carbon fiber can be used as an electrode without
forming a transparent conductive film as conventionally.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1 is a schematic constructional view of a lighting
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device according to an embodiment of the present
invention; and
Fig. 2 is a view showing an anode of Fig. 1.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS

[0016] A lighting device according to an embodiment
of the present invention will be explained hereinafter with
reference to the attached drawings. Fig. 1 is a schematic
constructional view of the lighting device according to
one embodiment of the present invention. The lighting
device 1 in this embodiment is vacuum-sealed by a glass
substrate 2, side plates 3 and a sealing plate 4. An elec-
tron emitter 5 made of, for example, carbon nano-tube
is formed on the glass substrate 2 to compose an electron
emission cathode. This electron emitter 5 has a plane
shape, but it may be linear as another embodiment of
the present invention. An anode 6 according to the
present invention is arranged so as to be opposite to the
glass substrate 2, keeping a predetermined space by the
side plates 3.
[0017] The anode 6 is made of a carbon fiber mixed
paper 8 obtained by mixing a fiber blend 7, which is ob-
tained by knitting a carbon fiber and a glass fiber, into a
paper material, as shown in Fig. 2. A phosphor is applied
onto this carbon fiber mixed paper 8 and an electrode 9
is provided at its one end to form the anode.
[0018] Usable paper materials include, for example,
wood pulp, non-wood pulp and wastepaper pulp.
[0019] The thickness of the carbon fiber and the glass
fiber is preferably a micron-order, for example.
[0020] The mixing ratio of the carbon fiber and the
glass fiber is suitably selected depending on the required
nonflammability and light diffusivity.
[0021] Instead of being applied onto the carbon fiber
mixed paper 8, phosphor powders are mixed into the
paper material in advance and the fiber blend obtained
by knitting the carbon fiber and the glass fiber may be
mixed. In this case, the tone of the light-emission can be
adjusted by suitably adjusting the mixing ratio of the phos-
phor powders to the paper material.
[0022] In the lighting device 1, electrons emitted from
the electron emitter 5 by the application of voltage be-
tween the electron emission cathode and the anode col-
lide with the phosphor applied onto the carbon fiber mixed
paper 8, by which the phosphor emits light.
[0023] In the embodiment, the anode 6 is made of the
carbon fiber mixed paper 8. Therefore, it is easily formed,
and further, the density is low compared to the conven-
tional glass substrate as well as the heat generation is
reduced when the electrons collide with the anode 6,
thereby being capable of reducing the heat generation
at the anode 6. Even if the heat generation occurs by the
collision with the anode 6, the generated heat is radiated
by the carbon fiber excellent in thermal conductivity, with
the result that the heat generation can further be reduced.
[0024] Further, it is made of a mixed paper, i.e., a pa-

per, so that it can diffuse light. Moreover, it includes the
glass fiber, whereby light is uniformly diffused. Conse-
quently, it is unnecessary to provide a diffuser.
[0025] Additionally, the carbon fiber has conductivity,
thereby being used as an electrode without forming a
transparent conductive film (ITO) as conventionally.
[0026] Accordingly, the electrode density at the anode
can be designed depending on the density of the carbon
fiber included in the carbon fiber mixed paper 8.
[0027] Although the fiber blend obtained by knitting the
carbon fiber and glass fiber is mixed in the aforesaid em-
bodiment, only the carbon fiber is mixed into the paper
material as another embodiment of the invention.
[0028] Although the carbon fiber is mixed into the pa-
per material in the aforesaid embodiment, it is not mixed
into the paper material, but the carbon fiber and glass
fiber are knitted or weaved to obtain a fiber blend, on
which the phosphor is applied to form the anode, as an-
other embodiment of the present invention.
[0029] In the present invention, other fibers than the
carbon fiber or glass fiber may be included.
[0030] Further, conductive grains, for example, metal-
lic grains may be mixed into the paper material as another
embodiment of the present invention. This can enhance
the conductivity and thermal conductivity.
[0031] Although the aforesaid embodiment is applied
to a bipolar structure having a cathode and anode for
explanation, it is needless to say that the invention can
be similarly applied to a tripolar structure provided with
a gate.

Claims

1. A lighting device comprising an electron emission
cathode and an anode having a phosphor, wherein
the material for the anode includes a carbon fiber.

2. A lighting device of Claim 1, wherein the material for
the anode is a carbon fiber mixed paper obtained by
mixing a carbon fiber into a paper material.

3. A lighting device of Claim 2, wherein the carbon fiber
mixed paper has a glass fiber mixed therein in addi-
tion to the carbon fiber.

4. A lighting device of Claim 2 or 3, wherein the phos-
phor is applied onto the carbon fiber mixed paper.

5. A lighting device of Claim 2 or 3, wherein the phos-
phor is mixed into the paper material.

6. A lighting device of Claim 1, wherein the material for
the anode is a fiber blend including a carbon fiber
and a glass fiber.

7. A lighting device of Claim 6, wherein the fiber blend
is obtained by knitting or weaving the carbon fiber
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and the glass fiber.

8. A lighting device of Claim 6 or 7, wherein the phos-
phor is applied onto the fiber blend.
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