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(57) Abstract:  There is provided an
electron source including: an insulating
substrate (14); a first wiring (11) that is
arranged on the insulating substrate (14);
a second wiring (12) that is arranged
on the insulating substrate (14) and
intersects with the first wiring (11); and
an electron-emitting device (15) having
a cathode electrode provided with an
electron emitting member and a gate
electrode arranged above the cathode
electrode, which is arranged on the
insulating substrate and is separated from
an intersecting portion of the first wiring
(11) with the second wiring (12); wherein
the first wiring (11) is arranged on the
second wiring via an insulating layer; the
gate electrode is provided with a plurality
of slit-like openings that is arranged in
substantially parallel at intervals; and the
opening is arranged so that an extended
line in a longitudinal direction thereof
intersects with the first wiring (11).
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DESCRIPTION

ELECTRON SOURCE, IMAGE DISPLAY APPARATUS, AND INFORMATION

DISPLAY REPRODUCING APPARATUS

Technical Field
[0001]

The present invention relates to an electron source
that is used for a television set, a display of a computer,
and an electron beam drawing apparatus or the like, an image
display apparatus, and an information display reproducing

apparatué;'A

Background Art
[0002]

In recent years, an FED (a field emission display)
has drawn attention. The FED is generally provided with
an RP (a rear plate) having a field emission type
electron-emitting device arranged thereon in response to
each pixel arranged in a two-dimensional matrix and an FP
(face plate) having a 1light emitting layer that emits a 1ight
due to acrash of electrons emitted froman electron-emitting
device on the RP. Then, the FP and the RP are opposed with
each other to be separated by a spacer. A pressure between
the FP and the RP is reduced to a pressure that is lower
than atmosphere pressure (a vacuum) .

[0003]



WO 2008/108453 PCT/JP2008/054106

As an electron-emitting device, a vertical field
emission type electron-emitting device, having a cathode
electrodeandagateelectrodeprovidedwithanopening formed
on a surface of a substrate in a vertical direction, may
be considered. Then, as an opening shape of the gate
electrode seen fromthe side of the FP, a slit-1like (according
to a typical example, a rectangular figure) opening and a
hole-like (accordingtoatypical example, acircular figure)
opening may be considered.

[0004]

As a vertical field emission type electron-emitting
device having an electron beam convergent function, an
example of an electron-emitting device'héving a cathode
electrode provided with an electron-emitting portion and
a gate electrode arranged on a surface of a substrate in
a vertical direction at intervals, is disclosed in Japanese
Patent Application Laid-Open No. 8-096703.

[0005]

In addition, an example such that vertical field
emission type electron-emitting devices are arranged in a
matrix on an intersecting portion of a scanning wiring with

a signal wiring 1s disclosed in JP-A No. 2003-151456.

Disclosure of Invention
[0006] -
In the case of the FED, in order tomaintain an interval

between the RP and the FP, a spacer may be disposed on a
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scanning wiring or on a signal wiring. Here, an electron
beam emitted from an electron-emitting device is spread,
so that the electron beam emitted from the electron-emitting
device may be irradiated to the spacer. Then, various
problemsmaybe generated, forexample, anorbitofanelectron
beam is changed because the spacer is charged up and an
electron-emitting device breaks down because of a creeping
discharge due to lowering of a creeping withstand voltage
of the spacer.

[0007]

There is a problem such that a high-definition FED
cannot be realized if the electron-emitting devices are
sparsely arranged in order to avoid such a problem.
[0008]

The present invention has been made taking the
foregoing problems into consideration and an object of which
is to provide a technique to realize a high-definition field
emission type display by reducing spread of an electron beam
tobeemitted fromanelectron-emittingdeviceinthevicinity
of afirstwiring so as toprevent irradiationof the electron
beam to a spacer arranged on the first wiring.

[0009]

The present invention employs the following
configuration, namely, the configuration comprising: a
substrate; a first wiring that is arranged on the substrate;
a second wiring that is arranged on the substrate and

intersects with the first wiring; and an electron-emitting
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device having a cathode electrode provided with an
electron-emittingmember and a gate electrode arranged above
the cathode electrode, which is arranged on the substrate
and is separated from an intersecting portion of the first
wiring with the second wiring; wherein the first wiring is
arranged on the second wiring via an insulating layer; the
gate electrode is provided with a plurality of slit-like
openings that is arranged at intervals; and the opening is
arranged so that an extended line in a longitudinal direction
thereof intersects with the first wiring.

[0010]

In addition, the present invention employs the
following configuration, namely, the configuration
comprising: a substrate; a first wiring that is arranged
on the substrate; a second wiring that is arranged on the
substrate and intersects with the first wiring; and an
electron-emittingdevicehavingacathode electrodeprovided
with an electron-emitting member and a gate electrode
arranged above the cathode electrode, which is arranged on
the substrate and is separated from an intersecting portion
of the first wiringwith the second wiring; wherein the first
wiring is arranged on the second wiring via an insulating
layer; the gate electrode is provided with a plurality of
slit-like openings that is arranged at intervals; and the
slit-like opening is arranged so that one end portion in
alongitudinal directionthereof near the firstwiringrather

than a center portion in a longitudinal direction.
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[0011]

According to the present invention, by reducing spread
of an electron beam to be emitted from an electron-emitting
device in the vicinity of a first wiring, it is possible
to prevent irradiation of the electron beam to a spacer
arranged on the first wiring, and further, it is possible
to realize a high-definition field emission display.
[0012] |

Further features of the present invention will become
apparent from the following description of exemplary

embodiments with reference to the attached drawings.

Brief Description of Drawings
[0013]

FIG. 1A is aplan view of an electron source according
to an embodiment of the present invention;

FIG. 1B is a cross sectional view taken on a line A
- A" of FIG. 1A;

FIG. 1C is a cross sectional view taken on a line B
- B’ of FIG. 1lA;

FIG. 2 is a cross sectional view showing an electron
source according to the embodiment of the present invention;

FIGS. 3Ato 3Hare views showing amanufacturingmethod
of the electron source according to the embodiment of the
present invention;

FIG. 4 is a view showing a configuration of an image

display apparatus according to the embodiment of the present
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invention;

FIG. 5isaviewshowingaconfigurationofa fluorescent
film of the image display apparatus according to the
embodiment of the present invention;

FIG. 6 is a view showing a configuration of an image
receiving display apparatus using an electron-emitting
device according to the embodiment of the present invention;

FIGS. 7TAto 70 are views showing a manufacturing method
of an electron source according to a first embodiment of
the present invention;

FIG. 8 1s a view showing a cross section in a lateral
direction of one opening shaped in a slit of an
electron-emitting device according to the first embodiment
of the present invention:

FIG. 9is aview showing a constitutional example when
the electron source according to the first embodiment of
the present invention is operated;

FIGS. 10A to 10J are views showing a manufacturing
method of an electron source according to a second embodiment
of theée present invention;

FIG. 11 is a view showing a cross section in a
longitudinal direction of one opening shaped in a slit of
an electron-emitting device according to the second
embodiment of the present invention;

FIGS. 12A to 12J are views showing a manufacturing
method of an electron source according to a third embodiment

of the present invention;
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FIG. 13 is a view showing a cross section in a
longitudinal direction of one opening shaped in a slit of
an electron-emitting device according to the third
embodiment of the present invention;

FIG. 14 is a plan view of an electron source according
to a fourth embodiment of the present invention; and

FIG. 15 is a plan view of an electron source according

to a fifth embodiment of the present invention.

Best Mode for Carrying Out the Invention
[0014]

Hereinafter, with reference to the drawings,
preferable embodiments of this invention will be described
with an example indetail. However, the scope of the present
invention is not limited by its measurement, its material,
its shape, and its relative arrangement or the like of a
component part described in this embodiment unless there
is a specific description.

[0015]

In the electron source according to the present
invention, electron-emitting devices are arranged so as to
be separated from an intersecting portion of a first wiring
that is a scanning wiring with a second wiring that is a
signal wiring. As an electron-emitting device, a vertical
field emission type electron-emitting device having an
electron-emitting member and a gate electrode provided with

slit-like openings formed on a substrate is applied. Then,
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the slit-like openings of the gate electrode are arranged
so that a extended lines in a longitudinal direction thereof
intersect with the first wiring. In other words, one end
portion in a longitudinal direction of the slit-like opening
is arrangednear the first wiring rather than a centerportion
in a longitudinal direction.

[0016]

In the vertical field emission type electron-emitting
device having the slit-like opening, a convergent effect
of an electron beam is different in a longitudinal direction
and in a lateral direction of the slit-like opening.
[0017]

Spread of the electron beam in the longitudinal
direction of the slit-1like opening is decided by an electron
emitted from the vicinity of the end portion in the
longitudinal direction of the slit-like opening. In the
vicinity of the longitudinal-directional end portion of the
slit-like opening, the gate electrode is arranged so as to
surround an electron-emitting portion 180° or more, so that
spread of the electron beam as if the electron is emitted
fromavertical fieldemission type electron-emittingdevice
having a hole-like opening is obtained.

[0018]

On the other hand, spread of the electron beam in the
lateral direction of the slit-~like opening is decided by
the electron emitted from the center portion in the

longitudinal direction of the slit-like opening. In the
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vicinity of the center portion in the longitudinal direction
of the slit-like opening, the electron-emitting portion is
only sandwiched by two faces of the gate electrode being
opposed with each other. Therefore, the vertical field
emission type electron-emitting device having the slit-1like
opening has a smaller convergent effect of the electron beam
due to the gate electrode than that of the vertical field
emission type electron-emitting device having the hole-like
opening. In other words, spread of the electron beam to
be emitted from the vertical field emission type
electron-emitting device having the slit-like opening is
larger than spread of the electron beam to be emitted from
the vertical field emission type electron-emitting device
having the hole-like opening.

[0019]

In consideration of a cross section of the opening
of thevertical fieldemission typeelectron-emittingdevice,
in the case of the same opening width (in the case of the
hole-like opening, an opening diameter), spread of the
electronbeam to be emitted from the vertical field emission
type electron-emitting device of the hole-like opening is
smaller than spread of the electron beam to be emitted from
the vertical field emission type electron-emitting device
of the slit-like opening. Accordingly, the spread of the
electronbeam in the longitudinal direction of the slit-like
opening is smaller than the spread of the electron beam in

the lateral direction of the slit-like opening.
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[0020]

Particularly, in the case of the vertical field
emission type electron-emitting device having an electron
beam convergent function between the electron-emitting
member and the gate electrode, the convergent effect very
strongly works on the spread of the electron beam, so that
the spread of the electronbeam in the longitudinal direction
of the slit-like opening is made smaller than the spread
of theelectronbeaminthe lateral directionof theslit-1ike
opening. This is because that the convergent effect of the
electron beam is large and the spread of the electron beam
can be kept smaller, since a configurationhaving anelectron
beam convergent function between the electron-emitting
portion and the gate electrode is arranged so as to surround
the electron-emitting portion 180°C or more. On the other
hand, on the center portion in the longitudinal direction
of the slit-like opening, the configuration having the
electron beam convergent function between the
electron-emitting portion and the gate electrode is only
arranged so as to sandwich the electron-emitting portion
by two faces being opposed to the electron-emitting portion,
so that the convergent effect of the electron beam is made
smaller since the portion to be surrounded by the
configurationissmaller as comparedtothe convergent effect
of the electron beam emitted from the vicinity of the end
portion in the longitudinal direction of the slit-like

opening. Accordingly, the spread of the electron beam
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emitted fromthe centerportioninthe longitudinal direction
of the slit-like opening is made larger as compared to the
spread of the electron beam emitted from the vicinity of
theendportioninthe longitudinal directionoftheslit-1like
opening.

[0021]

According to the present embodiment, by arranging the
extended line in a longitudinal direction of the slit-1like
opening of the gate electrode so as to intersect with the
first wiring on which the spacer is disposed, the end portion
in the longitudinal direction of the slit-like opening is
allowed to be arranged near the first wiring rather than
the center portion in a longitudinal direction of the
slit-like opening.

[0022]

Thereby, in the vicinity of the spacer arranged on
the first wiring, anelectron is emitted from the end portion
inthe longitudinal directionoftheslit-likeopeninghaving
small spread of the electron beam. Therefore, according
to the electron-emitting device having the slit-1like opening,
it is possible to make spread of the electron beam toward
the spacer arranged on the first wiring smaller and it is
possible to reduce the electron beam to be irradiated to
the spacer. Thereby, the high-definition FED can be
realized.

[0023]

FIG. 1A is a schematic plan view of an electron source
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accordingtoanembodiment of thepresent invention. Further,
FIG. 1B is a cross sectional view taken on a line A - A’
of FIG. 1A, and FIG. 1C 1s a cross sectional view taken on
a line B - B’ of FIG. 1A. In FIG. 1A, a first wiring 11
is elongated in a horizontal direction of a paper face, and
in FIG. 1A, a second wiring 12 is elongated in a vertical
direction of a paper face at a right angle to the first wiring
11 on a lower layer of the first wiring 11. An insulating
layer 13 mediates between the second wiring 12 and the first
wiring 11. On an insulating substrate 14, the first wiring
11 and the secondwiring 12 are formed. Anelectron-emitting
device 15 is arranged being separated from the region where
the first wiring 11 and the second wiring 12 intersect with
each other, an cathode electrode is connected to the first
wiring 11, and a gate electrode is connected to the second
wiring 12. Theelectron-emittingdevice 15 isprovidedwith
two slit-like openings that are arranged in a line at
intervals.

[00241]

FIG. 2 shows a cross section of the electron-emitting
device 15 of FIG. 1A, andparticularly, shows a cross section
of one slit-like opening in the electron-emitting device
15. In FIG. 2, a cathode electrode 21 is formed on the
insulating substrate 14 as a first layer to be connected
to the first wiring 11. A gate electrode 22 is formed higher
than the cathode electrode 21 as the highest layer of the

insulating substrate 14 to be connected to the second wiring
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12. An insulating layer 23 is formed lower than the gate
electrode 22. An electron-emitting material 24 as an
electron-emitting member is disposed on the cathode
electrode 21. A focusing electrode 25 is disposed on the
electron-emitting material 24 and the upper layer of this
focusing electrode 25 is the insulating layer 23.

[0025]

The focusing electrode 25 may be a part of the cathode
electrode 21. Together with the cathode electrode 21, the
focusing electrode 25 is connected to the first wiring 11.
[0026]

Manufacturing methods of an electron source according
to the present embodiment shown in FIGS. 1A to 1C and FIG.
2willbedescriedwith reference to FIGS. 3Ato 3H. Further,
each of FIGS. 3A to 3H is a schematic plan view in each step
and only shows one pixel area.

[0027]
(Step 1)

At first, on the insulating substrate 14 having a
surface sufficiently cleaned, the second wiring 12 is
arranged (FIG. 3A).

[0028]

The second wiring 12 may be formed by a general vacuum
deposition technology such as a vapor deposition method and
a sputter method or may be formed by a printing technology.
Amethod for forming the secondwiring 12 may be appropriately

selected by necessary a film thickness and a wiring width.
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The insulating substrate 14 on which the second wiring 12
is formed may be appropriately selected from among a quartz
glass, a glass having an impurity content such as Na reduced,
a soda lime glass, a laminated body having Si0, formed on
a silicon substrate or the like by a sputter method or the
like, or an insulating ceramic substrate such as aluminum
oxide.

[0029]

(Step 2)

Subsequently, the cathode electrode 21 is arranged
at the side of the second wiring 12 and the cathode electrode
21 is separated from the second wiring 12. Then, the
electron-emitting material 24 is formed on the cathode
electrode (FIG. 3B).

[0030]

The size (of land) of the cathode electrode 21 and
the size of the electron-emitting material 24 may be the
same or may be different. In the case of forming a focusing
electrode 25 formed in Step 3 (FIG. 3C) also in the area
where the first wiring 11 is formed in Step 7 (FIG. 3G),
the cathode electrode 21 and the electron-emitting material
24 may not be formed in the area where the first wiring 11
is formed. In addition, if a cathode electrode function
for injecting an electron in the electron-emitting material
24 is given to the focusing electrode 25 to be formed in
Step 3, a step for forming the cathode electrode 21 may be

omitted in the present step 2.
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[0031]

The cathode electrode 21 is formed by a general vacuum
depositiontechnologysuchasaCVDmethod, avapor deposition
method, and a sputter method. For example, the material
of the cathode electrode 21 may be appropriately selected
from among a metal or an alloy material such as Be, Mg, Ti,
¢r, Hf, Vv, Nb, Ta, Mo, W, Al, Cu, Ni, Cr, Au, Pt, and Pd,
a carbide such as TiC, ZrC, HfC, Tac, Sic, and WC, a boride
such as HfB;, ZrB,, LaBs, CeBs, YBs, and GdB4, a nitride such
as TiN, ZrN, and HfN, and a semiconductor or the like such
as Si and Ge. The thickness of the cathode electrode 21
is defined in the range of several tens nm to several mm,
and preferably, the thickness of the cathode electrode 21

is selected in the range of several tens nm to several um.

[0032]

The electron-emitting material 24 is formed by a
general vacuum deposition technology such as a CVD method,
avapor depositionmethod, andasputtermethodoratechnology
for dissolving an organic solvent by heat. The material
for composing the electron-emitting material 24 will be
appropriately selected from among graphite, fullerene, a
fiber-like conductive material (including a carbon fiber
such as a carbon nano-tube), an amorphous carbon, a
diamond-like carbon, and a carbon and a carbon composition
having a diamond dispersed, for example. Preferably, a
carbon composition having a low work function is employed.

A film thickness of the electron-emitting material 24 is



WO 2008/108453 PCT/JP2008/054106

16

definedintherangenotmorethanseveralum,andpreferably,
the £film thickness of the electron-emitting material 24 is
selected in the range not more than 150 nm.

[0033]

(Step 3)

Subsequently, the focusing electrode 25 is formed on
thecathodeelectrodeZlenuitheelectron—emittingn@terial
24 (FIG. 3C).

[0034]

ThefocusingelectrodeZS:ﬂ;formedby&ageneralvacuum
depositiontechnologysuchasaCVDmethod,avapordeposition
method, and a sputter method. The material of the focusing
electrode 25 may be the same as the material of the cathode
electrode2loradifferentmaterialmaybeused. Inaddition,
upon forming the focusing electrode 25, the same vacuum
deposition technology as that used for forming the cathode
electrode 21 may be used or a different vacuum deposition
technology may be used.

[0035]

In addition, the lengths of the cathode electrode 21,
the electron-emitting material 24, and the focusing
electrode25jlladirectionjjlparallelvﬁijlthelongitudinal
direction of the second wiring 12 may be formed so as to
be the same with each other or may be differently formed.
However, at least one of the cathode electrode 21, the
electron-emitting material 24, and the focusing electrode

25 should reach the area where the first wiring is formed.



WO 2008/108453 PCT/JP2008/054106

17

[0036]
(Step 4)

Subsequently, the insulating layer 23 is formed on
the area where the electron-emitting device is formed (FIG.
3D) .

[0037]

The insulating layer 23 may be formed by using any
methodif it canbe arrangedonadesiredarea. Asanexample,
for example, masking the area where the electron-emitting
device is formed except for the portion where the insulating
layer 23 is arranged, the insulating layer 23 can be formed
byageneral vacuumdepositiontechnology suchas aCVDmethod,
a vapor deposition method, a sputter method, and a plasma
method. Alternatively, by using a printing method such as
an inkjet system, the insulating layer 23 can be arranged
only on a desired area.

[0038]

The insulating layer 23 is formed by a general vacuum
deposition technology such as a sputter method, a CVDmethod,
and a vapor deposition method. The material of the
insulatinglayer 23will be appropriatelyselected fromamong
SiQ,, SiN, Al,0s, Ta;0s, and CaF or the like. As the material
of the insulating layer 23, a material that can be stand
up to a high electric field (namely, a material having high
voltage tightness) is desirable. A film thickness of the
insulating layer 23 is defined in the range of several tens

nm to several pm, and preferably, the film thickness of the
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insulating layer 23 is selected in the range of several
hundreds nm to several um.

[0039]

(Step 5)

Subsequently, the gate electrode 22 is formed on the
area where the electron-emitting device is formed so as to
be connected to the second wiring formed in Step 1 (FIG.
3E) .

[0040]

The material of the gate electrode 22 may be the same
as the material of the cathode electrode 21 or the material
of the focusing electrode 25 described in Step 2 or it may
be different material. 1In addition, the gate electrode 22
may be formed by using the same method as the method for
forming the cathode electrode 21 or the method for forming
the focusing electrode 25 or the gate électrode 22 may be
formed by using a different method.

[0041]
(Step 6)

Subsequently, the insulating layer 13 havinga contact
hole 13a is formed on the area where the first wiring is
formed (FIG. 3F).

[0042]

The contact hole 13a is a square hole and the contact
hole 13a serves to joint the first wiring 11, the cathode
electrode 21, the electron-emitting material 24, and the

focusing electrode 25.
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[0043]

The insulating layer 13 is formed by a general vacuum
depositiontechnologysuchasaCVDmethod, avapor deposition
method, and a sputter method or a printing technology. A
thickness and a width of a £ilm necessary for the insulating
layer 13 will be appropriately selected depending on a
dielectric constant of the insulating layer 13.

[0044]
(Step 7)

Subsequently, the first wiring 11 is formed (FIG. 3G).
[0045]

The first wiring 11 may be formed by a general vacuum
deposition technology such as a vapor deposition method and
a sputter method or may be formed by a printing technology.
The first wiring 11 may be formed by the same method as the
method for forming the second wiring 12 or may be formed
by a different method. In addition, the material of the
first wiring 11 may be the same as that of the second wiring
12 or may be a different material. The method for forming
the first wiring 11 and the material of the first wiring
11 will be appropriately selected depending on a necessary
thickness of the film and a necessary width of the wiring.
[0046]

(Step 8)

Finally, a slit—like opening 30 is formed on the area

where the electron-emitting device is formed so that the

surfaceof theelectron-emittingmaterial 24 is exposed (FIG.



WO 2008/108453 PCT/JP2008/054106

20

3H) . Through the above-described steps, an electron source
of the present embodiment is completed.
[0047]

In this case, the slit-like opening 30 is formed so
that the extended line in a longitudinal direction of the
slit-like opening 30 intersects with the first wiring 11
or the end portion in the longitudinal direction of the
slit-like opening 30 is allowed to be arranged near the first
wiring 11 rather than the center portion in a longitudinal
direction of the slit-like openin§ 30.

[0048]

Further, in FIG. 3H, the number of the slit-like
openings 30 is two, however, the number of the openings 30
will be appropriately decided depending on the work function
of the electron-emittingmaterial 24, a voltage upon driving
the electron source, and a shape of an electron beam to be
required or the like. In addition, a distance between the
opposite gate electrodes 22 (the opening diameter) will be
appropriately decided depending on a distance between the
materials to form the electron-emitting device, a work
function of the electron-emitting material 24, a voltage
upon driving the electron source, and a shape of an electron
beam to be required or the like. Normally, the depth of
the slit-like opening 30 is defined in the range of several
tens nm to several tens um, and preferably, it is selected

in the range of not less than 100 nm and not more than 10

pm. Further, the slit-like opening 30 can be made into the
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rectangular opening 30. Then, in this case, the length of
a long side of the rectangular opening 30 is at least twice
or more than the length of the short side practically, and
preferably, it is five times or more than the length of the
short side.

[0049]

The slit-like opening 30 is formed so as to penetrate
the gate electrode 22, the insulating layer 23, and the
focusing electrode 25. Theopeningiﬂ)isformedknzétching.
The method of etching may be appropriately selected in
response to the materials of the gate electrode 22, the
insulating layer 23, and the focusing electrode 25 that are
targets for etching.

[0050]

Next, an application example of an electron source
according to the embodiments of the present invention will
be described below. By arranging a plurality of electron
sources according to the embodiments of the present invention
on a substrate, for example, an image display apparatus can
be formed.

[0051]

With reference to FIG. 4, the image display apparatus
that is obtained by using the electron source according to
the present embodiment will be described below.

[0052]
A second wiring 41 and a first wiring 42 intersect

with eachother. Anelectron-emittingdevice 40 is arranged
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on an intersecting portion of the second wiring 41 with the
first wiring 42 being separated from the second wiring 41
and the first wiring 42. A face plate 46 is formed by a
glass substrate 43, a fluorescent film 44 that is a
light-emitting member, and a metal back 45. On an electron
source substrate 47, a plurality of electron-emitting
devices 40 is arranged. A support frame 48 supports the
face plate 46 and the electron source substrate 47 with
intervening there between. Anexternal package 49 is formed
by the face plate 46, the electron source substrate 47, and
the support frame 48.

[0053]

The second wiring 41 and the first wiring 42 can have
afunctionasarowdirectionalwiringandacolumndirectional
wiring, respectively, however, the second wiring 41 and the
firstwiring 42 maybe connected to the rowdirectional wiring
and the column directional wiring, respectively. The face
plate 46 is jointed to the support frame 48 by using a flit
glass having a low melting point or the like.

[0054]

In addition, by arranging at least one support body
(not illustrated) that is referred to as a spacer between
the face plate 46 and the electron source substrate 47, the
external package 49 having a sufficient intensity against
an atmosphere pressure can be configured. In the case that
the external package 49 is large, for example, a plurality

of platy spacers is arranged on the first wiring 42 in order
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to obtain a sufficient intensity.
[0055]

As described above, the image display apparatus is
configured by the electron~emitting device 40 arranged on
the electron source substrate 47, the second wiring 41, the
first wiring 42, and the external package 409.

[0056]

FIG. 5 schematically shows a part of the fluorescent
film44. Byregularlyarranging aphosphor 51 corresponding
to an emission color to be displayed and flashing a desired
phosphor 51, an image can be displayed on the outer face
of the glass substrate 43. The phosphor 51 is partitioned
by a light absorption member 52. An object of arranging
the light absorption member 52 is to efface a mixed color
or the like of each phosphor 51 corresponding to three primary
colors that are required in a color display and to prevent
degradation of a contrast or the like. For example, the
phosphor 51 is arranged in the order of R (red), G (green),
and B (blue) in an x direction, and the same color phosphor
51 is arranged in a y direction. The area where such a
fluorescent film 44 is arranged becomes a screen of the image
display apparatus.

[0057]

An image receiving display apparatus as the
information display reproducing apparatus according to the
present embodiment is schematically shown in FIG. 6. The

configuration of the image receiving display apparatus



WO 2008/108453 PCT/JP2008/054106

24

according to the present embodiment includes the image
display apparatus having a screen schematically shown in
FIG. 4. In FIG. 6, the image receiving display apparatus
isconfiguredbyanimage informationreceiver 61 asareceiver,
an image signal generation circuit 62, a driving circuit
63, and an image display apparatus 64.

[0058]

At first, the image information receiver 61 outputs
image information included in the received broadcast signal.
The outputted image information is inputted in the image
signal generationcircuit 62 andanimage signal is generated.
As the image information receiver 61, for example, a receiver
such as a tuner which can tune and receive a radio broadcast,
a cable broadcast, and a video broadcast via Internet or
the like may be considered. The image information receiver
61 can receive not only the image information but also the
character information and the voice information. Further,
the image information receiver 61, a TV set can configured
together with the image signal generation ciJ_;cuit 62, the
driving circuit 63, and the image display apparatus 64. The
image signal generation circuit 62 generates an image signal
corresponding to each pixel of the image display apparatus
64 from the image information. The generated image signal
is inputted in the driving circuit 63. The driving circuit
63 controls a voltage to be applied to the image display
apparatus 64 on the basis of the inputted image signal and

displays an image on a screen of the image display apparatus
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64.
[0059]

Further, the present invention is not limited to the
above-described embodiment and each constituent element may
be substituted with a substitute and an equivalent if it
achieves the object of the present invention.

[0060]
<First Embodiment>

FIG. 7I shows a schematic plan view of an electron
source that is manufactured according to the present
embodiment. FIG. 8 shows a schematic cross section in a
lateral direction of a slit-like opening of an
electron-emittingdeviceaccordingtothepresent embodiment.
FIGS. 7A to 70 show a manufacturing method of the electron
source according to the present embodiment. Hereinafter,
a manufacturing step of the electron source according to
the present embodiment will be described in detail.
[0061]

(Step 1)

At first, on a quartz substrate 71, of which surface

is sufficiently cleaned, Cu having a thickness 3 um and a

width 50 pm is formed as a signal wiring 72 by a printing
method (FIG. 7A).

[0062]
(Step 2)
Subsequently, a pattern for lift-off is formed by a

photoresist, and on the side of the signal wiring 72, a
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slit—-like amorphous carbon film having a thickness 30 nm
is formed as an electron-emitting film 73 (FIG. 7B). The
electron-~emitting f£ilm 73 is formed by using a plasma CVD
method.

[0063]

The width of the slit-like electron-emitting f£ilm 73
(in the lateral direction) is defined to be 5 um and the
length thereof (in the longitudinal direction) is defined
to be 85 pum.

[0064]
(Step 3)

Subsequently, a pattern for lift-off is formed by a
photoresist, and a mixed film composed of SiOxNy (x = 1 to
2, y=0to 1l) and A1, having a thickness 100 nm, is formed
as a resistance layer 74 so as to cover the electron-emitting
film 73 (FIG. 7C). The resistance layer 74 is formed by
using a co-spatter method.

[0065]
(Step 4)

Subsequently, a pattern for lift-off is formed by a
photoresist, and TiN having a thickness 100 nm is formed
by spattering as a convergent and cathode electrode 75. The
convergent and cathode electrode 75 is formed so as to overlap
with an area where a scanning wiring 79 is formed in Step
8 (FIG. 7D).

[0066]

(Step 5)
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Subsequently, a pattern for lift-off is formed by a
photoresist, and Si0, having a thickness 1 um is formed as
aninsulatinglayer 76onthe areawheretheelectron-emitting
deviceis formed (FIG. 7E) . The insulatinglayer 76is formed
by using a spatter method.

[0067]
(Step 6)

Subsequently, a pattern for lift-off is formed by a
photoresist, and TiN having a thickness 100 nm is formed
as agateelectrode 77 on the area where the electron-emitting
device is formed and the area of the signal wiring 72 (FIG.
7F) . The gate electrode 77 is formed by using a spatter
method.

[0068]
(Step 7)

Subsequently, using a mask, Si0O, having a thickness
5 um and a width 210 pm is formed as an insulating layer
78 having a contact hole 78a so as to contact a scanning
wiring 79 to the convergent and cathode electrode 75 (FIG.
7G) . The insulating layer 78 having the contact hole 78a
is formed by using a printing technology.

[0069]
(Step 8)

Subsequently, by using a mask, Ag having a thickness
13 pm and a width 200 pm is formed as the scanning wiring
79 is formed on the insulating layer 78 (FIG. 7H). The

scanning wiring 79 is formed by using a printing method.
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[0070]

By providing the contact hole 78a formed in Step 7,
the scanning wiring 79 is allowed to electrically contact
the convergent and cathode electrode 75.

[0071]
(Step 9)

Finally, a pattern for lift-off is formed by a
photoresist, and a rectangular opening is formed as a
slit-1like opening 80 on the area where the elec‘tron—emitting
device is formed (FIG. 7I). The slit-like opening 80 is
formed by using an etching technology. Through the
above-described steps, the electron source according to the
present embodiment is completed. The slit-like opening 80
is formed so that the extended line in the longitudinal -
direction of the slit-like opening 80 is at a right angle
to the scanning wiring 79.

[0072]

Etching in Step 9 is carried out so that the
electron-emitting film 73 is exposed. The gate electrode
77 is etched by dry etching using BCls;. The insulating layer
76 is etched by dry etching using CF;. The convergent and
cathode electrode 75 is etched by dry etching using BCls.
Then, the resistanﬁe layer 74 is etched by wet etching using
BHF. Due to these etching, the surface of the
electron-emitting film 73 is exposed. Due to wet etching
by BHF, the insulating layer 76 is also etched a little.
[0073]
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According to the present embodiment, by disposing the
resistance layer 74 between the electron-emitting film 73
and the convergent and cathode electrode 75, as compared
to an electron-emitting device with a focusing electrode
and a cathode electrode electrically connected like the
electron-emitting device shown in FIG. 2 (namely, an
electron-emitting device such that the potential of the
focusing electrode is equal to the potential of the cathode
electrode), fluctuation of emission of electrons can be
reduced.

[0074]

In the electron-emitting device according to the
present embodiment, when the electron is injected in the
electron-emitting £ilm 73, the electron necessarily passes
through the resistance layer 74. Therefore, in accordance
with change of the current amount flowing through the
resistance layer 74, a voltage drop generated in the
resistance layer 74 is changed. If the voltage drop is
changed, a potential difference is generated between the
convergent and cathode electrode 75 and the
electron-emitting film 73. As a result, an intensity of
an electric field to be applied to the electron-emitting
film 73 is changed, so that the current amount to be emitted
from the electron-emitting film 73 is also changed.
[0075]

Specifically, if the electron is emitted from the

electron-emitting film 73, in accordance with the current
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amount, the voltage drop occurs in the resistance layer 74,
so that the potential of the electron-emitting film 73 is
slightly higher than that of the convergent and cathode
electrode 75. If current amount to be emitted from the
electron-emitting film 73 is increased, a potential
difference between the convergent and cathode electrode 75
and the electron~emitting film 73 is increased, so that an
intensity of an electric field to be applied to the
electron-emitting film 73 is weakened. As a result, the
current amount to be emitted from the electron-emitting film
73 is reduced. On the other hand, if the current amount
to be emitted from the electron-emitting £film 73 is reduced,
a potential difference between the convergent and cathode
electrode 75 and the electron-emitting £1ilm 73 is decreased,
so that an intensity of an electric field to be applied to
the electron—-emitting £film 73 is intensified. As a result,
the current amount to be emitted from the electron-emitting
film 73 is increased. Due to occurring of such a phenomenon,
according to the electron-emitting device of the present
embodiment, it is possible to stabilize the current amount
tobeemitted fromthe electron-emitting £ilm 73 and to reduce
fluctuation of emission of electrons.
[0076]

In addition, in the electron source of the present
embodiment, since the electron-emitting material portion
is separated for each slit-like opening 80 (FIG. 7B), the

current amount tobe injected passing through the resistance
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layer 74 formed thereon is limited for each slit-1ike opening
80. As a result, dispersion in fluctuation of emission of
electrons between the slit-like openings 80 is reduced.
[0077]

In addition, since the electron source according to
the present embodiment is provided with the resistance layer
74 for each electron source (FIG. 7C), in the case that a
plurality of electron sources according to the present
embodiment is arrangedinamatrix, dispersionin fluctuation
of emissionof electrons between respective electron sources
is reduced so as to be capable of providing a beautiful image.
[0078]

A spacer 81 having a thickness 1.6 mm and a width 200
pm is arranged on the scanning wiring 79 of the electron
source according to the present embodiment (FIG. 7J).
Further, an FP having the phosphor arranged is arranged
thereon, and the electron beam emitted from the electron
source is observed. A schematic view of a configuration
for driving the electron source is shown in FIG. 9. Avoltage
Va = 10 kV is applied to an FP 91 aﬁd a voltage Vg = 20V
is applied to the gate electrode 77, and the electron beam
is observed. For comparison, an electron source such that
a shape of an opening and a distance from the spacer to the
opening are the same as those of the electron source according
to the present embodiment and the extended line in a
longitudinal direction of the slit-like opening is in

substantially parallel with the scanning wiring (the
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extended line does not intersect with the scanning wiring)
is also manufactured. Comparing the electron source
according to the present embodiment with the electron source
according to a comparison example, deviation of a position
of the electron beam in the electron source according to
the present embodiment is largely improved as compared to
the comparison example.
[0079]
<Second Embodiment>

FIG. 10I shows a schematic plan view of an electron
source that is manufactured according to the present
embodiment. FIG. 11 shows a schematic cross section in a
longitudinal direction of a slit-like opening of an
electron-emittingdeviceaccordingtothepresent embodiment.
FIGS. 10A to 10J show a manufacturing method of the electron
source according to the present embodiment. Hereinafter,
a manufacturing step of the electron source according to
the present embodiment will be described in detail. The
explanation about the parts overlapped with the first
embodiment 1s herein omitted.
[0080]
(Step 1)

At first, on a quartz substrate 101, of which surface
is sufficiently cleaned, Cu having a thickness 3 um and a
width 50 pm is formed by a printing method so as to form
a signal wiring 102 (FIG. 10A).

[0081]
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(Step 2)

Subsequently, a pattern for 1lift-off is formed by a
photoresist, and on the side of the signal wiring 102, TiN
having a thickness 300 nm is formed as a cathode electrode
103 by a spatter method. On the cathode electrode 103, a
pattern for lift-off is formed by a photoresist, and as an
electron-emitting £ilm 104, an amorphous carbon film having

a thickness 30 nm is formed by a plasma CVD method (FIG.
10B).

[0082]
{Step 3)

Subsequently, a pattern for lift-off is formed by a
photoresist, and SiO; having a thickness 100 nm is formed
as an insulating layer 105 by a spatter method so as to cover
the electron-emitting film 104 (FIG. 10C).

[0083]
(Step 4)

Subsequently, a pattern for lift-off is formed by a
photoresist, and a mixed f£ilm composed of SiOxNy (x = 1 to
2, y=0to 1) and Al, having a thickness 100 nm, is formed
as a resistance layer 106 so as to cover the cathode electrode
103 disposed on the portion that is not covered with the

insulating layer 105 by using a co-spattermethod (FIG. 10D) .
[0084]

(Step 5)
Subsequently, a pattern for lift-off is formed by a

photoresist, and TiN having a thickness 100 nm is formed
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byaspattermethodasa focusingelectrodel1l07. The focusing
electrode 107 is formed so as to be overlapped with the area

where a scanning wiring 111 is formed in Step 8 (FIG. 10E).

[0085]
(Step 6)

Subsequently, a pattern for lift-off is formed by a
photoresist, and Si0, having a thickness 1 Qm is formed as
an insulating layer 108 by a spatter method on the area where
the electron-emitting device is formed. Then, a pattern
for 1lift-off is formed by a photoresist, and TiN having a
thickness 100 nm is formed by a spatter method as a gate
electrode 109 on the area where the electron-emitting device

is formed and the area of the signal wiring 102 (FIG. 10F).
[0086]

(Step 7)
Subsequently, by using a mask, Si0O; having a thickness
5 pm and a width 210 pym is formed aé an insulating layer
110 by aprinting technologyas an insulating layer 110 having
a contact hole 110a so as to contact a scanning wiring 111
and the focusing electrode 107 (FIG. 10G).
[0087]
(Step 8)
Subsequently, by using a mask, Ag having a thickness
13 ym and a width 200 pym is formed as the scanning wiring
111 by a printing technology on the insulating layer 110
(FIG. 10H). By providing the contact hole 110a of the

insulating layer 110 that is formed in Step 7, the scanning
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wiring 111 is allowed to electrically contact the focusing
electrode 107.

[0088] |

(Step 9)

Finally, a pattern for lift-off is formed by a
prhotoresist, and a rectangular opening is formed as a
slit-likeopening1ll2 ontheareawheretheelectron-emitting
device is formed by an etching technology (FIG. 10I).
Through the above-described steps, an electron source
according to the present embodiment is completed. The
slit-like opening 112 is formed so that the extended line
in the longitudinal direction of the slit-like opening 112
is at a right angle to the scanning wiring 111. The method
of etching is the same as the first embodiment.

[0089]

According to the present embodiment, by disposing the
resistance layer 106 between the focusing electrode 107 and
the cathode electrode 103, all of theelectrons tobe provided
to the electron-emitting film 104 will be routed through
the resistance layer 106. As a result, according to the
present embodiment, due to the resistance layer 106 disposed
between the focusing electrode 107 and the cathode electrode
103, the same effect as the first embodiment can be obtained
so that fluctuation of emission of electrons can be reduced.
[0090]

In addition, as same as the electron source as the

first embodiment, since the electron source according to
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the present embodiment is provided with the resistance layer
106 for each electron source (FIG. 10D), in the case that
a plurality of the electron sources according to the present
embodiment isarrangedinamatrix, dispersionin fluctuation
of emissionof electrons between respective electron sources
is reduced so as tobe capable of providing a beautiful image.
[0091]

As same as the first embodiment, on the scanningwiring
llioftheelectronsource accordingtothepresent embodiment,
a spacer 113 having a thickness 1.6 mm and a width 200 um
is arranged (FIG. 10J). Further, the FP having the phosphor
arranged is arranged thereon, and the electron beam emitted
from the electron source is observed. For comparison, an
electron source such that a shape of an opening and a distance
from the spacer to the opening are the same as those of the
electron source according to the present embodiment and the
extended line in a longitudinal direction of the slit-like
openingis insubstantiallyparallel withthe scanningwiring
(the extended line does not intersect with the scanning
wiring) isalsomanufactured. Comparingtheelectronsource
accordingtothepmesentembodimentwiththeelectronsource
according to a comparison example, deviation of a position
of the electron beam in the electron source according to
the present embodiment is largely improved as compared to
the comparison example.

[0092]

<Third Embodiment>
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FIG. 12I shows a schematic plan view of an electron
source that is manufactured according to the present
embodiment. FIG. 13 shows a schematic cross section in a
longitudinal direction of a slit-like (a rectangular)
opening of an electron-emitting device according to the
present embodiment. FIGS. 12A to 12J show a manufacturing
method of an electron source according to the present
embodiment. The electron source according to the present
embodiment is an example that a cathode electrode portion
for supplying an electron to an electron-emitting film is
defined as a resistance. Here, a characteristic part of
the present embodiment is only described and the overlapped
explanation is omitted.

[0093]

According to the present embodiment, in Step 2
according to the second embodiment, in place of a step for
forming a cathode electrode, 'as a cathode electrode and
resistance 123, a mixed film composed of SiOxNy (x = 1 to
2, y=0to 1) and Al, having a thickness 100 nm, is formed
by a co-spatter method (FIG. 12B). In addition, Step 4 of
the second embodiment is omitted. Since other steps are
equal to the second embodiment, the explanation thereof is
herein omitted.

[0094]

According to the present embodiment, using the cathode

electrode and resistance 123 as the cathode electrode, the

cathode electrode and resistance 123 and the focusing
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electrode 107 are isolated via the insulating layer 105 in
the vicinity of the electron-emitting portion. Thereby,
according to the electron source of the present embodiment,
the same effects as the first embodiment and the second
embodiment can be obtained, so that fluctuation of emission
of electrons can be reduced.

[0095]

In addition, since the-electron source according to
thepresent embodiment is providedwith the cathode electrode
and resistance 123 for each electron source as same as the
electron source according to the first and second embodiments
(FIG. 12B), when a plurality of electron sources according
to the present embodiment is arranged in amatrix, dispersion
in fluctuation of emission of electrons among respective
electron sources is reduced and a beautiful image can be
provided.

[0096]

As same as the second embodiment, the spacer 113 having
a thickness 1.6 mm and a width 200 um is arranged on the
scanningwiring 111 according to thepresent embodiment (FIG.
12J) . Further, the FP which the phosphor is arranged 1is
arranged thereon, and the electron beam that is emitted from
theelectronsource isobserved. Forcomparison, anelectron
source such that a shape of an opening and a distance from
the spacer to the opening are the same as those of the electron
source according to the present embodiment and the extended

line in a longitudinal direction of the slit-like opening
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is in substantially parallel with the scanning wiring (the
extended line does not intersect with the scanning wiring)
is also manufactured. Comparing the electron source
according to the present embodiment with the electron source
according to a comparison example, deviation of a position
of the electron beam in the electron source according to
the present embodiment is largely improved as compared to
the comparison example.

[0097]

<Fourth Embodiment>

FIG. 14 shows a schematic plan view of an electron
source that is manufactured according to the present
embodiment. The electron source according to the present
embodiment is an example that the extended line in a
longitudinal direction of the slit-like (a rectangular)
opening 80 intersects with the scanning wiring not at a right
angle but obliquely. Since the present embodiment is equal
to the manufacturingmethod of the electron source according
tothe first embodiment, theoverlapped explénation isherein
omitted.

[0098]

The electron source according to the present
embodiment is arranged as same as the first embodiment as
shown in FIG. 9, and the shapeof theelectronbeamis observed.
As same as the first embodiment, for comparison, an electron
source such that a shape of an opening and a distance from

the spacer to the opening are the same as those of theelectron
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source according to the present embodiment and the extended
line in a longitudinal direction of the slit-like opening
is in substantially parallel with the scanning wiring (the
extended line does not intersect with the scanning wiring)
is also manufactured. Comparing the electron source
according to the present embodiment with the electron source
according to a comparison example, deviation of a position
of the electron beam in the electron source according to
the present embodiment is largely improved as compared to
the comparison example.
[0099]
<Fifth Embodiment>

FIG. 15 shows a schematic plan view of an electron
source that is manufactured according to the present
embodiment. The electron source according to the present
embodiment is an example that the convergent and cathode
electrode 75 is connected to the signal wiring 72 and the
gate electrode 77 is connected to the scanning wiring 79
on the contrary to the above-described electron source.
According to the manufacturing method of the electron source
according to the present embodiment, the convergent and
cathode electrode 75 is formed so as to be connected to the
signal wiring 72 in Step 4 of the first embodiment, and the
gate electrode 77 is formed so as to be connected to the
scanning wiring 79 in Step 8 of the first embodiment. Other
steps are equal to the step of the first embodiment, so that

the overlapped explanation is herein omitted.
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[0100]

The electron source according to the present
embodiment is arranged as same as the first embodiment as
shown in FIG. 9, and the shapeof theelectronbeamis observed.
As same as the first embodiment, for comparison, an electron
source such that a shape of an opening and a distance from
the spacer to the opening are the same as those of the electron
source according to the present embodiment and the extended
line in a longitudinal direction of the slit-like opening
is in substantially parallel with the scanning wiring (the
extended line does not intersect with the scanning wiring)
is also manufactured. Comparing the electron source
according to the present embodiment with the electron source
according to a comparison example, deviation of a position
of the electron beam in the electron source according to
the present embodiment is largely improved as compared to
the comparison example.

[0101]
<8ixth Embodiment>

The electron sources of the first to fifth embodiment
is arranged in a matrix of 720 x 160, and an image display
apparatus as shown in FIG. 4 is manufactured. A plurality
of electron sources is arranged at a pitch of 115 um square
and 345 pym high. A voltage of 10 kV is applied to the FP,
and a voltage of 20 V is applied between the scanning wiring
and the signal wiring. As a result, ahigh-definition image

display apparatus which can be driven in a matrix can be
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formed.
[0102]

While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all

suchmodifications and equivalent structures and functions.
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CLATIMS

1. An electron source comprising:

a substrate;

a first wiring that is arranged on the substrate;

a second wiring that is arranged on the substrate and
intersects with the first wiring; and

anelectron-emittingdevicehavinga cathodeelectrode
provided with an electron-emitting member and a gate
electrode arranged above the cathode electrode, which is
arranged on the substrate and is separated from an
intersecting portion of the first wiring with the second
wiring;

wherein the first wiring is arranged on the second
wiring via an insulating layer;

the gate electrode is provided with a plurality of
slit-1like openings that is arrénged at intervals; and

the opening is arranged so that an extended line in
a longitudinal direction thereof intersects with the first

wiring.

2. An electron source comprising:

a substrate;

a first wiring that is arranged on the substrate;

a second wiring that is arranged on the substrate and
intersects with the first wiring; and

anelectron-emittingdevicehavinga cathodeelectrode
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provided with an electron-emitting member and a gate
electrode arranged above the cathode electrode, which is
arranged on the substrate and is separated from an
intersecting portion of the first wiring with the second
wiring;

wherein the first wiring is arranged on the second
wiring via an insulating layer;

the gate electrode is provided with a plurality of
slit-like openings that is arranged at intervals; and

the slit-like opening is arranged so that one end
portion in a longitudinal direction thereof near the first

wiring rather than a center portion in a longitudinal

direction.

3. An electron source according to Claim 1 or 2,

wherein the gate electrode is formed on the cathode
electrode provided with the electron-emitting member via
an insulating layer; and

a distance between the gate electrode ana.the cathode
electrode is shorter than a distance between the gate

electrode and the electron-emitting member.

4. An image display apparatus comprising:

an electron source according to any one of Claims 1
to 3; and

a substrate having a light-emitting member, which is

arrangedbeing opposedwith the electron source via a spacer;
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wherein the spacer is arranged on the first wiring.

5. An information display reproducing apparatus
comprising:

an image display apparatus having a screen;

a receiver that outputs at least one of image
information, character information, and voice information
that are included in the received broadcast signal; and

a driving circuit for displaying the information
outputted from the receiver on the screen of the imagedisplay
apparatus;

wherein the image display apparatus is the image

display apparatus according to Claim 4.
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