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(57)  An image display apparatus includes a first
substrate (10) having an image display surface, and a
second substrate which faces the first substrate with a
gap and has a plurality of electron sources (18) config-
ured to exciting the image display surface. A plurality of

spacers (30a, 30b) which resist an atmospheric pres-
sure acting on the substrates are arranged between the
first and second substrates. Conductors (33) which re-
pulse electron beams emitted from the electron sources
are interposed between the second substrate and distal
ends of the spacers on the second substrate side.
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Description
Technical Field

[0001] The present invention relates to an image dis-
play apparatus equipped with substrates opposing each
other and a plurality of electron sources provided on the
inner surface of one of the substrates, and a method of
manufacturing the same.

Background Art

[0002] Image display apparatuses for high-definition
broadcasting or similar high-resolution display appara-
tuses are now being demanded. Concerning their
screen display performance, in particular, there is a
strong command for much better performance. To meet
these demands, it is indispensable to flatten the screen
surface and increase the resolution of the screen. It is
also demanded to reduce the weight and thickness of
the apparatuses.

[0003] As an image display apparatus that satisfies
the above demands, attention is now paid to a flat dis-
play apparatus, such as a field emission display (here-
inafter referred to as an "FED"). FEDs have a first and
a second substrate opposing each other with a prede-
termined space therebetween. The peripheries of these
substrates are attached to each other, directly or via a
rectangular side wall, thereby constituting a vacuum en-
velope. Phosphor layers are formed on the inner surface
of the first substrate, while a plurality of electron emitting
elements as electron sources are provided on the inner
surface of the second substrate for exciting the phos-
phor layer to emit light.

[0004] In order to resist the atmospheric pressure
load applied to the first and second substrates, a plural-
ity of spacers are arranged as support members be-
tween these substrates. To display an image on the
FED, an anode voltage is applied to the phosphor layer.
An electron beam emitted from the electron-emitting el-
ement is accelerated by the anode voltage and collide
against the phosphor layer. The phosphor then emits
light to display an image.

[0005] In the FED constructed as described above,
since the size of the electron emitting element is in the
order of micrometers, the distance between the first and
second substrates can be set to the order of millimeters.
Accordingly, compared to, for example, the cathode ray
tubes (CRT) used in current televisions or computer dis-
plays, resolution enhancement, weight reduction and
thickness reduction of image display apparatuses can
be realized.

[0006] To achieve practical display characteristics of
the above-described image display apparatuses, it is
desirable to use a phosphor substance similar to the
standard cathode ray tubes and to set the anode voltage
to several kV or more. However, the space between the
firstand second substrates cannot be made large in light
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of resolution, properties of support members, problems
raised in manufacture, etc., and must be set to about 1
to 2 mm. Therefore, when electrons emitted from the
second substrate collides with a phosphor surface on
the first substrate, secondary electrons and reflection
electrons generate and collide with the spacers provid-
ed between the substrates, with the result that the spac-
ers may well be charged by the electric fields of the elec-
trons. When an acceleration voltage is applied in the
FED, the spacers are generally charged positively. At
this time, they attract electron beams emitted from elec-
tron emitting elements, thereby deviating the electron
beams from their correct paths. As a result, mislanding
of electron beams on the phosphor layers occurs, there-
by degrading the color purity of a display image.
[0007] In order to reduce attraction of an electron
beam by the spacer, all or part of the spacer surface
may undergo a conduction process to remove any un-
wanted charge. However, when the spacer itself under-
goes the conduction process, a reactive current flowing
from the first substrate to the second substrate via the
spacers increases. This leads to a temperature rise and
an increase in power consumption.

Disclosure of Invention

[0008] The present invention has been made in con-
sideration of the above situation, and has as its object
to provide an image display apparatus which prevents
deviation of the track of an electron beam and improves
the image quality without any temperature rise and in-
crease in power consumption, and a method of manu-
facturing the same.

[0009] An image display apparatus according to an
aspect of the invention comprises a first substrate hav-
ing an image display surface; a second substrate which
faces the first substrate with a gap and has a plurality
of electron sources configured to emit electrons to excite
the image display surface; a plurality of spacers which
are arranged between the first substrate and the second
substrate and resist an atmospheric pressure acting on
the first substrate and the second substrate; and con-
ductors which are interposed between the second sub-
strate and distal ends of the spacers on the second sub-
strate side, and repulse electron beams emitted from the
electron sources

[0010] According to another aspect of the present in-
vention, a method of manufacturing an image display
apparatus including a first substrate with an image dis-
play surface, a second substrate which faces the first
substrate with a gap and has a plurality of electron
sources configured to emit electrons to excite the image
display surface, and a plurality of spacers which are ar-
ranged between the first substrate and the second sub-
strate and resist an atmospheric pressure load acting
on the first substrate and the second substrate, the
method comprises: interposing conductors between
predetermined positions on the second substrate and
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distal ends of the spacers on the second substrate side;
and joining the first substrate and the second substrate
while arranging the spacers so as to bring the distal ends
of the spacers on the second substrate side into contact
with the second substrate via the conductors.

[0011] According to the image display apparatus hav-
ing the above structure, electrons emitted from the elec-
tron source positioned near the spacer are temporarily
repulsed by an electric field formed by the conductor,
and follow a track shifted in a direction farther from the
spacer. Electrons are then attracted by the spacer, and
follow a track shifted in a direction closer to the spacer.
Repulsion and attraction cancel deviation of the track of
electrons. Electrons emitted from the electron source fi-
nally reach a target position on the image display sur-
face. Hence, an image display apparatus in which deg-
radation of the color purity by mislanding of electrons
can be reduced to improve the image quality can be re-
alized.

Brief Description of Drawings
[0012]

FIG. 1 is a perspective view showing an SED ac-
cording to an embodiment of the present invention;
FIG. 2is a perspective view showing the SED taken
along the line lI-Il in FIG. 1;

FIG. 3 is an enlarged sectional view showing the
SED;

FIG. 4 is an enlarged sectional view showing the
main part of an SED according to the second em-
bodiment of the present invention; and

FIG. 5 is an enlarged sectional view showing the
main part of an SED according to the third embod-
iment of the present invention.

Best Mode for Carrying Out the Invention

[0013] Anembodimentin which the present invention
is applied to a type of FED, i.e., a surface-conduction
electron-emitting apparatus (referred to as an SED
hereinafter) as a flat image display apparatus will be de-
scribed in detail with reference to the accompanying
drawings.

[0014] As shown in FIGS. 1 to 3, the SED comprises
first and second substrates 10 and 12 formed of rectan-
gular glass plates as transparent insulating substrates.
These substrates face each other at a gap of about 1.0
to 2.0 mm. The second substrate 12 is formed at a size
slightly larger than the first substrate 10. The first and
second substrates 10 and 12 are joined at their periph-
eral portions via a rectangular glass frame-like sidewall
14, and constitute a flat rectangular vacuum envelope
15.

[0015] A phosphorscreen 16 serving as animage dis-
play surface is formed on the inner surface of the first
substrate 10. The phosphor screen 16 is prepared by
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arraying black light-shielding layers 11 and phosphor
layers R, G, and B which emit red, blue, and green light
upon collision of electrons. The phosphor layers R, G,
and B are formed in stripes or dots. A metal back 17 of
aluminum or the like and a getter film (not shown) are
formed on the phosphor screen 16. A transparent con-
ductive film of ITO or the like or a color filter film may be
interposed between the first substrate 10 and the phos-
phor screen.

[0016] Many surface-conduction electron-emitting el-
ements 18 which emit an electron beam are formed on
the inner surface of the second substrate 12 as electron
sources for exciting the phosphor layers R, G, B of the
phosphor screen 16. The electron-emitting elements 18
are arranged in a plurality of columns or rows in corre-
spondence with pixels. Each electron-emitting element
18 includes an electron-emitting portion (not shown), a
pair of element electrodes (not shown) which apply a
voltage to the electron-emitting portion, and the like.
Many wiring lines 21 which supply a potential to the elec-
tron-emitting elements 18 are formed in a matrix on the
inner surface of the second substrate 12. The ends of
the wiring lines 21 are extracted outside the vacuum en-
velope 15.

[0017] The sidewall 14 functioning as a join member
is attached to the peripheral portions of the first and sec-
ond substrates 10 and 12 with a sealing material 20 such
as low-melting-point glass, a low-melting-point metal, or
the like. The sidewall 14 joins the first and second sub-
strates with each other.

[0018] As shown in FIGS. 2 and 3, the SED has a
spacer assembly 22 interposed between the first and
second substrates 10 and 12. The spacer assembly 22
is formed from a plate-like grid 24, and a plurality of pil-
lar-like spacers which stand integrally on the two surfac-
es of the grid.

[0019] More specifically, the grid 24 has afirst surface
24afacing the inner surface of the first substrate 10, and
a second surface 24b facing the inner surface of the sec-
ond substrate 12. The grid 24 is arranged parallel to
these substrates. The grid 24 has many electron beam
passage apertures 26 and spacer openings 28 which
are formed by etching or the like. The electron beam
passage apertures 26 functioning as apertures in the
present invention are so arrayed as to face correspond-
ing electron-emitting elements 18. The electron beam
passage apertures 26 transmit electron beams emitted
from the electron-emitting elements. The spacer open-
ings 28 are positioned between the electron beam pas-
sage apertures 26, and arrayed at predetermined pitch-
es.

[0020] The grid 24 is made of, e.g., an iron-nickel-
based metal plate with a thickness of 0.1 to 0.25 mm.
The surface of the metal plate is covered with an oxide
film of elements forming the metal plate, e.g., an oxide
film of Fe3O,4 or NiFe;0,4. The surface of the grid 24 is
covered with a high-resistance film prepared by apply-
ing and baking a high-resistance material such as glass
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or ceramic. The resistance of the high-resistance film is
set to E+8 Q/Oor more.

[0021] The electron beam passage aperture 26 is
formed with a rectangular shape of, e.g., 0.15 to 0.25
mm X 0.15 to 0.25 mm. The spacer opening 28 is
formed with a circular shape whose diameter is, e.g.,
about 0.2 to 0.5 mm. The high-resistance film described
above is also formed on the side surface of the electron
beam passage aperture 26 in the grid 24.

[0022] First spacers 30a integrally stand on the first
surface 24a of the grid 24 at the spacer openings 28.
The extending end of each first spacer 30a is coated
with an indium layer to form a relaxing layer 31 which
relaxes variations in spacer height. The extending end
of the first spacer 30a abuts against the inner surface of
the first substrate 10 via the relaxing layer 31, the getter
film, the metal back 17, and the light-shielding layers 11
of the phosphor screen 16. The relaxing layer 31 is not
limited to a metal as far as the material does not influ-
ence the track of an electron beam, has an effect of re-
laxing variations in spacer height, and is hard to a certain
degree. The metal back 17 and the black light-shielding
layer 11 of the phosphor screen 16 also relax variations
in spacer height. When the metal back 17 and black
light-shielding layer 11 provide a satisfactory height var-
iation relaxing effect, the relaxing layer 31 need not be
formed.

[0023] Second spacers 30b integrally stand on the
second surface 24b of the grid 24 at the spacer openings
28. The extending ends of the second spacers 30b abut
against the inner surface of the second substrate 12.
The extending ends of the second spacers 30b are po-
sitioned on the wiring lines 21 formed on the inner sur-
face of the second substrate 12. Conductors 33 are in-
terposed between the wiring lines and the extending
ends of the second spacers. The conductors 33 are
formed with a shape almost similar to the extending end
of the second spacer 30b. The thickness of the conduc-
tor 33, i.e., the height in a direction perpendicular to the
second substrate 12 is set to, e.g., 120 pm.

[0024] As will be described later, the conductor 33
acts to repulse an electron beam emitted from the elec-
tron-emitting element 18 in a direction to separate from
the second spacer 30b. The conductor 33 is formed of
a high-melting-point metal, e.g., platinum, tungsten, irid-
ium, rhenium, osmium, or ruthenium, an alloy of these
metals, conductive glass containing these metals, or the
like. Although a metal such as indium, aluminum, silver,
or copper is also available as the conductor 33, a metal
having a low melting temperature may melt upon dis-
charge and the original function may fail. Thus, the con-
ductor 33 desirably uses a high-melting-point metal.
[0025] The shape of the conductor 33 is not particu-
larly limited, but the corner is desirably rounded in con-
sideration of discharge. The height of the conductor 33
is arbitrarily set in consideration of the repulsive force
applied to an electron beam, i.e., the electron beam
track correction amount.
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[0026] Each of the first and second spacers 30a and
30b is tapered narrower toward the distal end so as to
decrease the diameter from the grid 24 toward the ex-
tending end. For example, the first spacer 30a is formed
at a diameter of about 0.4 mm at the proximal end po-
sitioned on the grid 24, a diameter of about 0.3 mm at
the extending end, and a height of about 0.6 mm. The
second spacer 30b is formed at a diameter of about 0.4
mm at the proximal end positioned on the grid 24, a di-
ameter of about 0.25 mm at the extending end, and a
height of about 0.8 mm. The height of the first spacer
30a is smaller than that of the second spacer 30b, and
the height of the second spacer is set about 4/3 times
larger than that of the first spacer.

[0027] The first and second spacers 30a and 30b
have a surface resistance of 5 X 1013 Q. The spacer
openings 28 and the first and second spacers 30a and
30b are aligned with each other, and the first and second
spacers are integrally coupled to each other via the
spacer openings 28. The first and second spacers 30a
and 30b are formed integrally with the grid 24 while
sandwiching the grid 24 from the two surfaces.

[0028] The spacer assembly 22 having the above
structure is interposed between the first and second
substrates 10 and 12. The first and second spacers 30a
and 30b abut against the inner surfaces of the first and
second substrates 10 and 12, resist the atmospheric
pressure load applied to these substrates, and maintain
the interval between the substrates at a predetermined
value.

[0029] As showninFIG. 2, the SED comprises a volt-
age application unit 50 which applies a voltage to the
grid 24 and the metal back 17 of the first substrate 10.
The voltage application unit 50 is connected to the grid
24 and metal back 17, and applies a voltage of 12 kV to
the grid 24 and a voltage of 10 kV to the metal back 17.
The voltage applied to the grid 24 is set, e.g., 1.25 times
or less higher than that applied to the first substrate 10.
[0030] Todisplay animage onthe SED, an anode volt-
age is applied to the phosphor screen 16 and metal back
17. An electron beam B emitted from the electron-emit-
ting element 18 is accelerated by the anode voltage and
bombarded against the phosphor screen 16. The phos-
phor layer of the phosphor screen 16 is then excited to
emit light and display an image.

[0031] A method of manufacturing an SED having the
above structure will be explained. In manufacturing the
spacer assembly 22, a grid 24 of a predetermined size,
and rectangular plate-like first and second molds (not
shown) almost equal in size to the grid are prepared. In
this case, an Fe-50% Ni thin plate having a plate thick-
ness of 0.12 mm s degreased, cleaned, and dried. Elec-
tron beam passage apertures 26 and spacer openings
28 are formed in the thin plate by etching to form a grid
24. The entire grid 24 is oxidized by an oxidization proc-
ess, and an insulating film is formed on the grid surface
including the inner surfaces of the electron beam pas-
sage apertures 26 and spacer openings 28. A liquid in
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which particles of tin oxide and antimony oxide are dis-
persed is sprayed onto the insulating film, dried, and
baked to form a high-resistance film.

[0032] The first and second molds have a plurality of
through holes corresponding to the spacer openings 28
of the grid 24. In the first and second molds, a resin
which thermally decomposes by annealing is applied to
at least the inner surfaces of the through holes corre-
sponding to the spacer openings 28.

[0033] While the first mold is so positioned as to align
the through holes with the spacer openings 28 of the
grid 24, the first mold is brought into tight contact with
the first surface 24a of the grid. Similarly, while the sec-
ond mold is so positioned as to align the through holes
with the spacer openings 28 of the grid 24, the second
mold is brought into tight contact with the second sur-
face 24b of the grid. The first mold, grid 24, and second
mold are fixed to each other by using a clamper (not
shown) or the like.

[0034] After that, for example, the paste of a spacer
formation material is supplied from the outer surface of
the first mold to fill the through holes of the first mold,
the spacer openings 28 of the grid 24, and the through
holes of the second mold with the spacer formation ma-
terial. As the spacer formation material, a glass paste
containing at least an ultraviolet curing binder (organic
component) and glass filler is adopted.

[0035] The buried spacer formation material is irradi-
ated with ultraviolet (UV) rays as radiation from the outer
surfaces of the first and second molds, UV-curing the
spacer formation material. If necessary, thermal curing
may be done. The resin applied to the through holes of
the first and second molds is thermally decomposed by
a heat treatment to form gaps between the spacer for-
mation material and the molds. The first and second
molds are removed from the grid 24.

[0036] Subsequently, the grid 24 filled with the spacer
formation material is heated in a heating furnace to re-
move the binder from the spacer formation material. The
spacer formation material undergoes actual baking at
about 500 to 550°C for 30 minto 1 h. As aresult, a spac-
er assembly 22 having first and second spacers 30a and
30b formed on the grid 24 is obtained.

[0037] A first substrate 10 on which a phosphor
screen 16 and metal back 17 are formed, and a second
substrate 12 on which electron-emitting elements 18
and wiring lines 21 are formed and a sidewall 14 is joined
are prepared in advance.

[0038] A conductive paste is printed on the wiring
lines 21 of the second substrate 12 to have a thickness
of 120 um and a shape almost similar to the distal end
of the second spacer 30b. The conductive paste is dried
and baked to form conductors 33 at predetermined po-
sitions on the wiring lines 21. Indium powder for forming
the height-relaxing layer 31 is applied to the extending
ends of the first spacers 30a.

[0039] The spacer assembly 22 having the above
structure is positioned on the second substrate 12. At
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this time, the spacer assembly 22 is so positioned as to
bring the extending ends of the second spacers 30b into
contact with the conductors 33. In this state, the first sub-
strate 10, second substrate 12, and spacer assembly
22 are arranged in a vacuum chamber. After the interior
of the vacuum chamber is evacuated, the first substrate
is joined to the second substrate via the sidewall 14. At
the same time, indium powder applied to the extending
ends of the first spacers 30a is fused and pressed by
the first substrate 10 to correct the height. Accordingly,
an SED having the spacer assembly 22 is manufac-
tured.

[0040] In the SED having this structure, as shown in
FIG. 3, the electron beam B emitted from the electron-
emitting element 18 positioned near the second spacer
30b is repulsed by an electric field formed by the con-
ductor layer 33 interposed between the extending end
of the second spacer 30b and the second substrate 12.
The electron beam B travels toward the electron beam
passage aperture 26 while following a track shifted in a
direction farther from the second spacer. The electron
beam B is then attracted by the charged second and first
spacers 30b and 30a, and follows a track shifted in a
direction closer to these spacers. Repulsion and attrac-
tion cancel deviation of the track of the electron beam
B. The electron beam B emitted from the electron-emit-
ting element 18 finally reaches a target phosphor layer
of the phosphor screen 16.

[0041] More specifically, as the distance from the
electron-emitting element to the side surface of the
spacer becomes smaller, the moving amount of the
electron beam toward the spacer becomes larger. When
the distance to the side surface of the spacer is suffi-
ciently large, the moving amount of the electron beam
toward the spacer becomes negligible. The electron
beam moving phenomenon appears when secondary
electrons and reflected electrons generated by the
phosphor surface collide against the spacers to charge
them. At this time, the secondary electron emission co-
efficient on the spacer surface becomes 1 or more in
accordance with the acceleration voltage used in the
SED. The spacer sidewall is positively charged and at-
tracts an electron beam toward the spacer.

[0042] In the embodiment, the conductor 33 is inter-
posed between the second substrate and an end of the
spacer having a relatively low electron speed on the sec-
ond substrate side. The conductor 33 forms an electric
field in a direction in which the electron beam is repulsed
from the spacer. By controlling the height of the conduc-
tor 33, the field strength can be changed to control the
repulsion amount. In the embodiment, deviation of the
track of an electron beam is canceled by attraction to
the spacer and repulsion by the conductor 33, instead
of removing charge on the spacer. Hence, the SED does
not require any complicated mechanism for converging
an electron beam, such as the electron gun in the CRT.
[0043] In the above-described SED, even when the
first and second spacers 30a and 30b are charged and
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attract the electron beam B, deviation of the track of the
electron beam and mislanding of the electron beam B
can be prevented. Consequently, degradation of the
color purity can be reduced to improve the image quality.
[0044] When all or part of the spacer surface directly
undergoes a conduction process, a reactive current
flowing from the first substrate to the second substrate
via the spacer increases, resulting in a temperature rise
and an increase in power consumption. A portion having
undergone the conduction process functions as a gas
generation source during SED operation, and may
cause ion bombardment of an electron source posi-
tioned near the spacer. To the contrary, the embodiment
does not cause any increase in reactive current, tem-
perature rise, increase in power consumption, and ion
bombardment. The electric field near the spacer can be
changed by the conductor 33 to easily control the track
of an electron beam.

[0045] An SED according to the embodiment and an
SED having no conductor 33 were prepared, and their
electron beam moving amounts were compared. In the
SED having no conductor, the electron beam moved to-
ward the spacer by about 120 um. In the SED according
to the embodiment, the electron beam moving amount
was almost 0, and the color purity of a display image
also improved.

[0046] In the SED, the grid 24 is interposed between
the firstand second substrates 10 and 12, and the height
of the first spacer 30a is set lower than that of the second
spacer 30b. The grid 24 is positioned closer to the first
substrate 10 than the second substrate 12. Even if the
first substrate 10 discharges, the grid 24 can suppress
damage to the electron-emitting element 18 on the sec-
ond substrate 12 inflicted upon it by discharge. The em-
bodiment can realize an SED which is highly resistant
to discharge and exhibits high image quality.

[0047] In the SED having the above structure, the
height of the first spacer 30a is set lower than that of the
second spacer 30b. Even when the voltage applied to
the grid 24 is set larger than that applied to the first sub-
strate 10, electrons emitted from the electron-emitting
element 18 can reliably reach the phosphor screen.
[0048] Even if the first spacers 30a vary in height, the
variations can be absorbed by the height-relaxing layer
31, and the first spacers and first substrate 10 can be
reliably brought into contact with each other. The first
and second spacers 30a and 30b can uniformly hold the
interval between the first and second substrates 10 and
12 over almost the entire region.

[0049] An SED according to the second embodiment
of the present invention will be described. As shown in
FIG. 4, according to the second embodiment, a conduc-
tor 33 is made of a metal or alloy with a shape similar to
the extending end of a second spacer 30b. For example,
the conductor 33 is formed from a 200-um thick metal
plate of Fe-50% Ni. The conductor 33 is fixed on a wiring
line 21 of a second substrate 12 by a fixing layer 40
made of a conductive frit, conductive adhesive, or the
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like. A spacer assembly 22 is interposed between a first
substrate 10 and the second substrate 12 while the ex-
tending end of the second spacer 30b is in contact with
the conductor 33.

[0050] The remaining structure is the same as that in
the first embodiment. The same reference numerals de-
note the same parts, and detailed description thereof will
be omitted.

[0051] In manufacturing an SED having the above
structure according to the second embodiment, first and
second substrates 10 and 12, and a spacer assembly
22 are formed by the same steps as those in the first
embodiment. The height of a first spacer 30a was 0.2
mm, and that of a second spacer 30b was 1.0 mm.
[0052] Fixing layers 40 are formed by applying a con-
ductive adhesive to predetermined positions on the wir-
ing lines 21 of the second substrate 12 to have a thick-
ness of 5 um and a shape almost similar to the distal
end of the second spacer 30b. Thereafter, 200-um thick
conductors 33 made of Fe-50% Ni are set on the fixing
layers 40. The fixing layers are dried to fix the conduc-
tors 33 on the wiring lines.

[0053] Similar to the first embodiment, the spacer as-
sembly 22 is positioned on the second substrate 12. At
this time, the spacer assembly 22 is so positioned as to
bring the extending ends of the second spacers 30b into
contact with the conductors 33. In this state, the first sub-
strate 10, second substrate 12, and spacer assembly
22 are arranged in a vacuum chamber. After the interior
of the vacuum chamber is evacuated, the first substrate
is joined to the second substrate via a sidewall 14, there-
by manufacturing an SED.

[0054] The SED having the above structure can ob-
tain the same operation effects as those of the first em-
bodiment. In the second embodiment, the fixing layer
40 which fixes the conductor 33 to the wiring line 21 can
be utilized as a correction layer for correcting variations
in spacer height. Hence, the spacer does not require
high processing precision, and the manufacturing cost
of the spacer can be reduced.

[0055] An SED according to the second embodiment
and an SED having no conductor 33 were prepared, and
their electron beam moving amounts were compared.
In the SED having no conductor, the electron beam was
attracted toward the spacer by about 150 um. Inthe SED
according to the second embodiment, the electron
beam moving amount was almost 0, and the color purity
of a display image also improved.

[0056] An SED according to the third embodiment of
the presentinvention will be described. As shownin FIG.
5, according to the third embodiment, a conductor 33 is
made of a metal or alloy with a shape similar to the ex-
tending end of a second spacer 30b. For example, the
conductor 33 is formed from a 200-um thick metal plate
of Fe-50% Ni. The conductor 33 is fixed to the extending
end of the second spacer 30b by a fixing layer 42 made
of an insulating adhesive, e.g., frit glass. A spacer as-
sembly 22 is interposed between first and second sub-
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strates 10 and 12 while the extending end of the second
spacer 30b having the conductor 33 fixed to it is in con-
tact with a wiring line 21 on the second substrate 12.
[0057] The remaining structure is the same as that in
the first embodiment. The same reference numerals de-
note the same parts, and detailed description thereof will
be omitted.

[0058] In manufacturing an SED having the above
structure according to the third embodiment, first and
second substrates 10 and 12, and a spacer assembly
22 are formed by the same steps as those in the first
embodiment. The height of a first spacer 30a was 0.2
mm, and that of a second spacer 30b was 1.0 mm.
[0059] Fixing layers 42 are formed by applying frit
glass to the distal ends of the second spacers 30b of the
spacer assembly 22. After 200-um thick conductors 33
made of Fe-50% Ni are set on the fixing layers 42, the
fixing layers are dried to fix the conductors 33 to the dis-
tal ends of the second spacers 30b.

[0060] The spacer assembly 22 is positioned on the
second substrate 12. At this time, the spacer assembly
22 is so positioned as to position, on the wiring lines 21
of the second substrate 12, the extending ends of the
second spacers 30b to which the conductors 33 are
fixed. In this state, the first substrate 10, second sub-
strate 12, and spacer assembly 22 are arranged in a
vacuum chamber. After the interior of the vacuum cham-
ber is evacuated, the first substrate is joined to the sec-
ond substrate via a sidewall 14, thereby manufacturing
an SED.

[0061] The SED having the above structure can ob-
tain the same operation effects as those of the first em-
bodiment. In the third embodiment, the fixing layer 42
which fixes the conductor 33 to the distal end of the sec-
ond spacer can be utilized as a correction layer for cor-
recting variations in spacer height. The spacer does not
require high processing precision, and the manufactur-
ing cost of the spacer can be reduced.

[0062] An SED according to the third embodimentand
an SED having no conductor 33 were prepared, and
their electron beam moving amounts were compared.
In the SED having no conductor, the electron beam was
attracted toward the spacer by about 150 um. In the SED
according to the third embodiment, the electron beam
moving amount was almost 0, and the color purity of a
display image also improved.

[0063] The present invention is not limited to the
above-described embodiments, and can be variously
modified within the spirit and scope of the invention. For
example, the presentinvention is not limited to an image
display apparatus having a grid, and can also be applied
to an image display apparatus having no grid. In this
case, integrally formed pillar- or plate-like spacers are
employed. Conductors are interposed between the sec-
ond substrate and distal ends of the spacers on the sec-
ond substrate side. The same operation effects as those
described above can be obtained.

[0064] In the present invention, the diameter and
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height of the spacer, the sizes and materials of other
building components, and the like can be properly se-
lected. In the above-described embodiments, the con-
ductor is interposed between the wiring line on the sec-
ond substrate and the distal end of the spacer. The con-
ductor position is not limited to a position on the wiring
line. The conductor suffices to be interposed between
the second substrate and the distal end of the spacer at
a position except the electron-emitting element.

[0065] The electron source is not limited to a surface-
conduction electron-emitting element, and can also be
applied to any type of FED such as a field emission type
electron-emitting element or carbon nanotube as far as
the FED utilizes an electron source which emits elec-
trons into a vacuum.

Industrial Applicability

[0066] As has been described in detail above, the
present invention can provide an image display appara-
tus which prevents deviation of the track of an electron
beam and improves the image quality without any tem-
perature rise and increase in power consumption, and
a method of manufacturing the same.

Claims
1. Animage display apparatus comprising:

a first substrate having an image display sur-
face;

a second substrate which faces the first sub-
strate with a gap and has a plurality of electron
sources configured to emit electrons to excite
the image display surface;

a plurality of spacers which are arranged be-
tween the first substrate and the second sub-
strate and resist an atmospheric pressure act-
ing on the first substrate and the second sub-
strate; and

conductors which are interposed between the
second substrate and distal ends of the spacers
on the second substrate side, and repulse elec-
tron beams emitted from the electron sources.

2. Animage display apparatus comprising:

a first substrate having an image display sur-
face;

a second substrate which faces the first sub-
strate at a gap and has a plurality of electron
sources configured to emit electrons to excite
the image display surface;

a plate-like grid which is arranged between the
first substrate and the second substrate and
has a plurality of apertures for transmitting elec-
trons emitted from the electron sources;
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a plurality of spacers which are fixed to the grid,
arranged between the first substrate and the
second substrate, and resist an atmospheric
pressure acting on the first substrate and the
second substrate; and

conductors which are interposed between the
second substrate and distal ends of the spacers
on the second substrate side, and repulse elec-
tron beams emitted from the electron sources.

The image display apparatus according to claim 1
or 2, wherein the conductor is formed by baking a
conductive paste.

The image display apparatus according to claim 1
or 2, wherein the conductor is formed of a metal
plate or an alloy plate.

The image display apparatus according to claim 4,
wherein the conductor is fixed to the second sub-
strate via a conductive fixing layer.

The image display apparatus according to claim 4,
wherein the conductor is fixed to the distal end of
the spacer on the second substrate side via an in-
sulating fixing layer.

The image display apparatus according to claim 1
or 2, characterized in that the conductor has a
shape similar to the distal end of the spacer on the
second substrate side.

The image display apparatus according to claim 1
or 2, characterized in that each of the electron
sources includes a surface-conduction electron
source.

The image display apparatus according to claim 1
or 2, characterized by further comprising a plurality
of wiring lines which are arranged on the second
substrate and apply a potential to the electron
sources,

the conductors being arranged on the wiring
lines.

A method of manufacturing an image display appa-
ratus including a first substrate with an image dis-
play surface, a second substrate which faces the
first substrate with a gap and has a plurality of elec-
tron sources configured to emit electrons to excite
the image display surface, and a plurality of spacers
which are arranged between the first substrate and
the second substrate and resist an atmospheric
pressure load acting on the first substrate and the
second substrate, the method comprising:

interposing conductors between predeter-
mined positions on the second substrate and
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distal ends of the spacers on the second sub-
strate side; and

joining the first substrate and the second sub-
strate while arranging the spacers so as to bring
the distal ends of the spacers on the second
substrate side into contact with the second sub-
strate via the conductors.

The method of manufacturing an image display ap-
paratus according to claim 10, wherein the interpos-
ing the conductors includes painting a conductive
paste at desired positions on the second substrate
with a shape substantially similar to a shape of the
distal end of the spacer, and baking the conductive
paste to form the conductors.

The method of manufacturing an image display ap-
paratus according to claim 10, wherein the interpos-
ing the conductors includes forming conductive fix-
ing layers at desired positions on the second sub-
strate, and setting and fixing conductors which are
formed of a metal or an alloy plate and have a shape
substantially similar to a shape of the distal end of
the spacer on the fixing layers.

The method of manufacturing an image display ap-
paratus according to claim 10, wherein the interpos-
ing the conductors includes forming insulating fixing
layers on the distal ends of the spacer on the sec-
ond substrate side, and fixing conductors which are
formed of a metal or an alloy plate and have a shape
substantially similar to a shape of the distal end of
the spacer to the distal ends of the spacers via the
fixing layers.
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