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Description
Technical Field

[0001] This invention relates to an image display de-
vice provided with substrates opposed to each other and
a spacer structure located between the substrates.

Background Art

[0002] In recent years, various flat image display de-
vices have been noticed as a next generation of light-
weight, thin display devices to replace cathoderay tubes
(hereinafter, referred to as CRTs). For example, a sur-
face-conduction electron emission device (hereinafter,
referred to as an SED) has been developed as a kind of
a field emission device (hereinafter, referred to as an
FED) that serves as a flat display device.

[0003] This SED comprises afirst substrate and a sec-
ond substrate that are opposed to each other across a
predetermined gap. These substrates have their respec-
tive peripheral portions joined together by a rectangular
sidewall, thereby constituting a vacuum envelope. Three-
color phosphor layers are formed on the inner surface of
the first substrate. Arranged on the inner surface of the
second substrate are a large number of electron emitting
elements for use as electron sources, which correspond
individually to pixels, individually, and excite the phos-
phors. Each electron emitting element is formed of an
electron emitting portion, a pair of electrodes that apply
voltage to the electron emitting portion, etc.

[0004] For the SED, it is important to maintain a high
degree of vacuum in a space between the first substrate
and the second substrate, that is, in the vacuum enve-
lope. Ifthe degree of vacuum is low, the life of the electron
emitting elements, and hence, the life of the device short-
en inevitably. Since a vacuum is maintained between the
first substrate and the second substrate, moreover, at-
mospheric pressure acts on the first substrate and the
second substrate. In order to support atmospheric pres-
sure that acts on these substrates and maintain the gap
between the substrates, therefore, a large number of
plate-shaped or columnar spacers are located between
the two substrates.

[0005] In order to locate the spacers over the entire
surfaces of the first substrate and the second substrate,
the spacers should be formed in the shape of very thin
plates or very slender columns lest the phosphors on the
first substrate touch the electron emitting elements on
the second substrate. Since these spacers must inevita-
bly be set very close to the electron emitting elements,
a dielectric material should be used for the spacers. If a
study is made to thin the first substrate and the second
substrate, moreover, more spacers are needed, so that
manufacture is more difficult. Described in Jpn. Pat. Ap-
pin. KOKAI Publication No. 2001-272927, for example,
is a device in which a large number of columnar spacers
are set up on a supporting substrate to form a spacer
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structure and the spacer structure is located between
first and second substrates.

[0006] The spacers may possibly be aligned with re-
gions between phosphors on the first substrate and be-
tween electron emitting elements on the second sub-
strate by a method such that the spacers are directly
attached to the regions between the phosphors or be-
tween the electron emitting elements. Alternatively,
spacers may be aligned by a method such that a large
number of spacers are formed with high positioning ac-
curacy on a metal plate previously formed with electron
beam apertures through which electrons pass and the
spacers on the metal plate are aligned with the first sub-
strate or the second substrate.

[0007] According to a method described in Jpn. Pat.
Appin. KOKAI Publication No. 2002-082850 as the latter
method, for example, two molding dies formed having a
large number of holes corresponding individually to spac-
ers in shape are brought into close contact with the ob-
verse and reverse surfaces of a metal plate, and the holes
inthe molding dies are loaded with a pasty spacer forming
material in this state. Further, an overflow of the spacer
forming material is removed by scraping the surfaces of
the molding dies with a squeegee or the like. After the
spacer forming material is then cured in molding dies,
according to the proposed method, the two molding dies
are disengaged from the metal plate, whereupon the co-
lumnar spacers are formed on the metal plate.

[0008] If the metal plate and the molding dies are not
strictly in close contact with one another as the molding
dies are loaded with the spacer forming material, in the
method described above, the spacer forming material
inevitably gets in between the metal plate and the molding
dies. In this case, spacers with normal shapes cannot be
formed, and besides, the electron beam apertures of the
metal plate may possibly be clogged by the oozed spacer
forming material. In positions corresponding to the
clogged electron beam apertures, electron beams can-
not reach the phosphors, so that it is hard to display de-
sired images.

[0009] The spacer forming material and an adhesive
component having oozed out onto the metal plate are
irregularly shaped and liable to form a source of electric
discharge. If the oozed portions of the spacer forming
material are electrified, electron beams emitted from the
electron emitting elements are attracted to the oozed por-
tions and deviated from their original trajectories. In con-
sequence, there is a problem that the electron beams
misland on the phosphor layers, so that the color purity
of displayed images is reduced.

[0010] A method for manufacturing a vacuum enve-
lope of an image display device is proposed in Jpn. Pat.
AppIn. KOKAI Publication No. 2001-229824. In this man-
ufacturing method, a first substrate, a second substrate,
and a spacer structure are previously set in a vacuum,
and a getter is applied to a metal back layer on the first
substrate in order to maintain the degree of vacuum after
sealing. Thereafter, the first substrate and the second
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substrate are sealed together so as to hold the spacer
structure between them.

[0011] Indisplaying an image on the SED constructed
in this manner, a high voltage of, e.g., 10 kV as an elec-
tron-beam acceleration voltage is applied between the
first substrate and the second substrate. If the getter is
provided overlapping the metal back layer under high
voltage, electric discharge easily occurs between the
metal back layer and the first substrate. If the electric
discharge occurs, the phosphor layers, the metal back
layer, the electron emitting elements on the second sub-
strate, etc., may possibly be broken.

[0012] Inthe spacer structure constructed in this man-
ner, moreover, it is difficult to form all the spacers to the
same height, so that there is a possibility of the spacer
height becoming uneven. If the spacer height is uneven,
itis hard for the spacers to support atmospheric pressure
that acts on the first substrate and the second substrate,
so that the atmospheric strength of the envelope is re-
duced. Further, heavier loads acton taller spacers, there-
by possibly damaging the spacers. In this case, the
strength of the spacer structure itself is reduced. If gaps
are formed between the distal ends of short spacers and
the substrates, moreover, the gaps may possibly cause
electric discharge.

[0013] Forthe SED constructed in this manner, itis an
important problem to align the spacers and the electron
beam apertures with the first substrate and the second
substrate. For example, the electron beam apertures in
the supporting substrate and the spacers must be pro-
vided lest they intercept electrons emitted from the elec-
tron emitting elements. In particular, the supporting sub-
strate must be aligned highly accurately with the first sub-
strate and the second substrate lest the trajectories of
electron beams from the electron emitting elements to-
ward the phosphors be blocked by the supporting sub-
strate. The larger and the more precise the display de-
vice, the more serious this problem is.

[0014] Ifthe display device is made large-sized, more-
over, the spacer structure that is composed of the spac-
ers and the supporting substrate is expected to be also
large-sized. With use of the existing manufacturing meth-
ods, however, it may possibly be difficult to make the
spacer structure large-sized. Otherwise, the manufactur-
ing costs of members are supposed to be high. The larger
the size of the plate-shaped supporting substrate, the
lower the accuracy of position coordinates for the forma-
tion of the electron beam apertures is.

Disclosure of Invention

[0015] This invention has been made in consideration
of the above problems, and has an object to provide an
image display device with improved display quality in
which image failure attributable to oozing of a spacer
forming material can be restrained.

[0016] Another object of this invention is to provide an
image display device capable of restraining generation
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of electric discharge and enhanced in atmospheric
strength.

[0017] Stillanother object of this invention is to provide
an image display device capable of being increased in
size and improved in precision.

[0018] According to an aspect of the invention, there
is provided an image display device comprising: a first
substrate having a phosphor screen formed thereon; a
second substrate located opposite the first substrate
across a gap and provided with a plurality of electron
emission sources which excite the phosphor screen; and
a spacer structure which is provided between the first
and second substrates and supports atmospheric pres-
sure acting on the first and second substrates,

the spacer structure having a plate-shaped supporting
substrate, which is opposed to the first and second sub-
strates and has a plurality of electron beam apertures
opposed individually to the electron emission sources,
and a plurality of spacers set up on a surface of the sup-
porting substrate, those electron beam apertures, among
the plurality of electron beam apertures, which are situ-
ated near spacer setup positions having an area greater
than that of the other electron beam apertures.

[0019] According to another object of the invention,
there is provided an image display device comprising: a
first substrate having a phosphor screen including a
phosphor layer and a metal back layer provided overlap-
ping the phosphor screen; a second substrate located
opposite the first substrate across a gap and provided
with a plurality of electron emission sources which emit
electrons toward the phosphor screen; a supporting sub-
strate which is located between the first and second sub-
strates, has a first surface in contact with the first sub-
strate, a second surface opposed to the second sub-
strate, and a plurality of electron beam apertures op-
posed to the electron emission sources, and is covered
by a dielectric substance; and a plurality of spacers which
are set up between the second surface and the second
substrate and support atmospheric pressure acting on
the first and second substrates, the supporting substrate
having a plurality of height reducing portions individually
in contact with the spacers and elastically deformable in
a height direction of the spacers.

[0020] According to still another aspect of the inven-
tion, there is provided an image display device compris-
ing: a first substrate having a phosphor screen including
a phosphor layer, a metal back layer provided overlap-
ping the phosphor screen, and a getter film formed over-
lapping the metal back layer; a second substrate located
opposite the first substrate across a gap and provided
with a plurality of electron emission sources which emit
electrons toward the phosphor screen; a supporting sub-
strate which is located between the first and second sub-
strates, has a first surface in contact with the first sub-
strate, a second surface opposed to the second sub-
strate, a plurality of electron beam apertures opposed to
the electron emission sources, and a plurality of recesses
formed in the first surface, and is covered by a dielectric
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substance; and a plurality of spacers which are set up
between the second surface and the second substrate
and support atmospheric pressure acting on the first and
second substrates.

[0021] According to another aspect of the invention,
there is provided an image display device comprising: a
first substrate having a phosphor screen formed thereon;
a second substrate located opposite the first substrate
across a gap and provided with a plurality of electron
emission sources which excite the phosphor screen; and
a plurality of spacer structures which are individually pro-
vided between the first and second substrates and sup-
port atmospheric pressure acting on the first and second
substrates, the spacer structures each having a plate-
shaped supporting substrate, which is opposed to the
first and second substrates and has a plurality of electron
beam apertures opposed individually to the electron
emission sources, and a plurality of spacers set up on a
surface of the supporting substrate.

Brief Description of Drawings
[0022]

FIG. 1 is a perspective view showing an SED ac-
cording to a first embodiment of this invention;

FIG. 2is a perspective view of the SED, broken away
along line lI-1l of FIG. 1;

FIG. 3 is a sectional view enlargedly showing the
SED;

FIG. 4 is a perspective view enlargedly showing a
part of a spacer structure of the SED;

FIG. 5is a sectional view showing a supporting sub-
strate and molding dies used in the manufacture of
the spacer structure;

FIG. 6 is a sectional view showing an assembly in
which the molding dies and the supporting substrate
are in close contact with one another;

FIG. 7 is a sectional view showing the molding dies
in an open state;

FIG. 8 is a perspective view showing a spacer struc-
ture of an SED according to a second embodiment
of this invention;

FIG. 9is a sectional view showing an SED according
to a third embodiment of this invention;

FIG. 10 is a sectional view showing an SED accord-
ing to a fourth embodiment of this invention;

FIG. 11 is a perspective view of the SED, broken
away along line XI-XI of FIG. 1;

FIG. 12 is a sectional view enlargedly showing the
SED;

FIG. 13is aplanview showing a supporting substrate
of a spacer structure of the SED;

FIG. 14 is a sectional view enlargedly showing a part
of the SED;

FIG. 15is a plan view showing a supporting substrate
of an SED according to an another embodiment of
this invention;
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FIG. 16 is a perspective view showing an SED ac-
cording to a fifth embodiment of this invention;

FIG. 17 is a perspective view of an SED, broken away
along line XVII-XVII of FIG. 16;

FIG. 18 is a sectional view enlargedly showing the
SED;

FIG. 19is a perspective view showing a second sub-
strate and a plurality of spacer structures of the SED;
FIG. 20 is a perspective view showing a second sub-
strate and a plurality of spacer structures of an SED
according to a sixth embodiment of this invention;
FIG. 21 is a perspective view showing a second sub-
strate and a plurality of spacer structures of an SED
according to a seventh embodiment of this invention;
FIG. 22 is a sectional view showing an SED accord-
ing to an eighth embodiment of this invention;

FIG. 23 is a perspective view, partially in section,
showing an SED according to a ninth embodiment
of this invention;

FIG. 24 is a sectional view of the SED; and

FIG. 25is a perspective view showing a spacer struc-
ture of the SED.

Best Mode for Carrying Out the Invention

[0023] A firstembodimentin which this inventionis ap-
plied to an SED as a flat image display device will now
be described in detail with reference to the drawings.
[0024] As shown in FIGS. 1 to 3, the SED comprises
a first substrate 10 and a second substrate 12, which are
formed of a rectangular glass plate each. These sub-
strates are located opposite each other with a gap of
about 1.0 to 2.0 mm between them. The first substrate
10 and the second substrate 12 have their respective
peripheral edge portions joined together by a sidewall 14
of glass in the form of a rectangular frame, thereby form-
ing a flat vacuum envelope 15 of which the inside is kept
vacuum.

[0025] A phosphor screen 16 that functions as a phos-
phor screen is formed on the inner surface of the first
substrate 10. The phosphor screen 16 is composed of
phosphor layers R, G and B, which glow red, green, and
blue, individually, and light shielding layers 11 arranged
side by side. These phosphor layers are stripe-shaped,
dot-shaped, or rectangular. A metal back 17 of aluminum
or the like and a getter film 19 are successively formed
on the phosphor screen 16.

[0026] Provided on the inner surface of the second
substrate 12 are a large number of surface-conduction
electron emitting elements 18, which individually emit
electron beams as electron sources for exciting the phos-
phor layers R, G and B of the phosphor screen 16. These
electron emitting elements 18 are arranged in a plurality
of columns and a plurality of rows corresponding to indi-
vidual pixels. Each electron emitting element 18 is formed
of an electron emitting portion (not shown), a pair of el-
ement electrodes that apply voltage to the electron emit-
ting portion, etc. A large number of wires 21 for supplying
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potential to the electron emitting elements 18 are provid-
ed inamatrix on the inner surface of the second substrate
12, and their respective end portions are led out of the
vacuum envelope 15.

[0027] Thesidewall 14 thatfunctions as ajoint member
is sealed to the peripheral edge portion of the first sub-
strate 10 and the peripheral edge portion of the second
substrate 12 with a sealant 20 of, for example, low-melt-
ing-point glass or low-melting-point metal, whereby these
substrates are joined together.

[0028] As shown in FIGS. 2 to 4, the SED comprises
a spacer structure 22 that is located between the first
substrate 10 and the second substrate 12. In the present
embodiment, the spacer structure 22 is composed of a
supporting substrate 24, formed of a rectangular metal
plate located between the first and second substrates 10
and 12, and a large number of columnar spacers set up
integrally on the opposite surfaces of the supporting sub-
strate.

[0029] Specifically, the supporting substrate 24 has a
first surface 24a opposed to the inner surface of the first
substrate 10 and a second surface 24b opposed to the
inner surface of the second substrate 12, and is located
parallel to these substrates. A large number of electron
beam apertures 26 are formed in the supporting sub-
strate 24 by etching or the like. The electron beam aper-
tures 26 are arranged at first pitches in a first direction X
parallel to the longitudinal direction of the vacuum enve-
lope 15 with bridge portions 27 between them, and are
also arranged at second pitches larger than the first pitch-
es in a second direction Y perpendicular to the first di-
rection. The electron beam apertures 26 are arrayed op-
posite the electron emitting elements 18, individually, and
are permeated by the electron beams emitted from the
electron emitting elements.

[0030] The supporting substrate 24 is formed of a met-
al plate of, for example, an iron-nickel-based alloy with
a thickness of 0.1 to 0.3 mm. An oxide film formed of
elements that constitute the metal plate, e.g., an oxide
film of Fe30,4 and NiFe, Oy, is formed on the surfaces of
the supporting substrate 24. The surfaces 24a and 24b
of the supporting substrate 24 and the respective wall
surfaces of the electron beam apertures 26 are covered
by a high-resistance film that has a discharge current
limiting effect. This high-resistance film is formed of a
high-resistance substance that consists mainly of glass.
[0031] A plurality of first spacers 30a are set up inte-
grally on the first surface 24a of the supporting substrate
24 and individually situated between the electron beam
apertures 26 that are arranged in the second direction
Y. The respective distal ends of the first spacers 30a abut
the inner surface of the first substrate 10 through the
getter film 19, the metal back 17, and the light shielding
layers 11 of the phosphor screen 16.

[0032] A plurality of second spacers 30b are set up
integrally on the second surface 24b of the supporting
substrate 24 and are individually situated between the
electron beam apertures 26 that are arranged in the sec-
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ond direction Y. The respective distal ends of the second
spacers 30b abut the inner surface of the second sub-
strate 12. The respective distal ends of the second spac-
ers 30b are situated individually on the wires 21 that are
provided on the inner surface of the second substrate
12. The first and second spacers 30a and 30b are situ-
ated in alignment with one another and are formed inte-
grally with the supporting substrate 24 in a manner such
that the supporting substrate 24 is held between them
from both sides.

[0033] Each of the first and second spacers 30a and
30b is tapered so that its diameter is reduced from the
side of the supporting substrate 24 toward its extended
end. For example, each first spacer 30a has a substan-
tially elliptic cross-sectional shape such that the diame-
ters of its proximal end situated on the side of the sup-
porting substrate 24 are about 0.3 mm and 2 mm, the
diameters on its extended end are 0.2 mm and 2 mm,
and its height is about 0.6 mm. Each second spacer 30b
has a substantially elliptic cross-sectional shape such
that the diameters of its proximal end situated on the side
of the supporting substrate 24 are about 0.3 mm and 2
mm, the diameters on its extended end are 0.2 mm and
2 mm, and its height is about 0.8 mm.

[0034] As shown in FIG. 4, each electron beam aper-
ture 26 is formed having a rectangular shape. The other
electron beam apertures 26 than the electron beam ap-
ertures that are situated near spacer setup positions are
formed having a dimension of 0.2 mm in the first direction
X and a dimension L1 of 0.2 mm in the second direction.
Among the electron beam apertures, those electron
beam apertures 26a which are situated near the spacer
setup positions are formed having a dimension of 0.2 mm
in the first direction X and a dimension L2 of 0.25 mm in
the second direction, so that they have an area greater
than that of the other electron beam apertures 26. The
electron beam apertures 26a that are situated near the
spacer setup positions imply electron beam apertures
that face the first and second spacers 30a and 30b. In
the present embodiment, the area of the three electron
beam apertures 26a situated on each side of the spacers
is made greater than that of the other electron beam ap-
ertures. The electron beam apertures 26a with the great-
er area are not limited to three in number. If necessary,
four or more electron beam apertures may be arranged
on each side of the spacers.

[0035] The spacer structure 22 constructed in this
manner is located between the first substrate 10 and the
second substrate 12. The first and second spacers 30a
and 30b abut the respective inner surfaces of the first
substrate 10 and the second substrate 12, thereby sup-
porting atmospheric pressure that acts on these sub-
strates and keeping the gap between the substrates at
a predetermined value.

[0036] The SED comprises voltage supply portions
(not shown) that apply voltages to the supporting sub-
strate 24 and the metal back 17 of the first substrate 10.
The voltage supply portions are connected individually
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to the supporting substrate 24 and the metal back 17,
and apply voltages of, e.g., 12 kV and 10 kV to the sup-
porting substrate 24 and the metal back 17, respectively.
In displaying an image on the SED, an anode voltage is
applied to the phosphor screen 16 and the metal back
17, and electron beams emitted from the electron emit-
ting elements 18 are accelerated by the anode voltage
and collide with the phosphor screen 16. Thereupon, the
phosphor layers of the phosphor screen 16 are excited
to luminescence and display the image.

[0037] The following is a description of a manufactur-
ing method for the SED constructed in this manner. A
manufacturing method for the spacer structure 22 will be
described first.

[0038] As shown in FIG. 5, the supporting substrate
24 with a predetermined size and an upper die 36a and
a lower die 36b, each in the form of a rectangular plate
having substantially the same size as the supporting sub-
strate, are prepared. In this case, the electron beam ap-
ertures 26 and 26a are formed by etching after the sup-
porting substrate of Fe-50% Ni with a thickness of 0.12
mm is degreased, washed, and dried. After the entire
supporting substrate 24 is oxidized, a dielectric film is
formed on the surface of the supporting substrate includ-
ing the respective inner surfaces of the electron beam
apertures 26 and 26a. Further, a coating solution that
consists mainly of glass is spread on the dielectric film,
dried, and then fired, whereupon a high-resistance film
is formed. Thus, the supporting substrate 24 is obtained.
[0039] The upper die 36a and the lower die 36b for use
as molding dies are flat plates formed of a transparent
material that transmits ultraviolet rays, e.g., clear silicone
or clear polyethylene terephthalate. The upper die 36a
has a flat contact surface 41a in contact with the support-
ing substrate 24 and a large number of bottomed spacer
forming holes 40a for molding the first spacers 30a. The
spacer forming holes 40a individually open in the contact
surface 41a of the upper die 36a and are arranged at
predetermined spaces. Likewise, the lower die 36b has
aflat contact surface 41b and a large number of bottomed
spacer forming holes 40b for molding the second spacers
30b. The spacer forming holes 40b individually open in
the contact surface 41b of the lower die 36b and are
arranged at predetermined spaces.

[0040] Subsequently, the spacer forming holes 40a of
the upper die 36a and the spacer forming holes 40b of
the lower die 36b are loaded with a spacer forming ma-
terial 46. A glass paste that contains at least an ultravi-
olet-curing binder (organic component) and a glass filler
is used as the spacer forming material 46. The specific
gravity and viscosity of the glass paste are selected as
required.

[0041] As shown in FIG. 6, the upper die 36a is posi-
tioned so that the spacer forming holes 40a filled with the
spacer forming material 46 individually face regions be-
tween the adjacent electron beam apertures 26, and the
contact surface 41a is brought into close contact with the
first surface 24a of the supporting substrate 24. Likewise,
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the lower die 36b is positioned so that the spacer forming
holes 40b individually face regions between the adjacent
electron beam apertures 26, and the contact surface 41b
is brought into close contact with the second surface 24b
of the supporting substrate 24. An adhesive may be pre-
viously applied to the spacer setup positions on the sup-
porting substrate 24 by means of a dispenser or by print-
ing. Thus, an assembly 42 is formed having the support-
ing substrate 24, upper die 36a, and lower die 36b. In
the assembly 42, the spacer forming holes 40a of the
upper die 36a and the spacer forming holes 40b of the
lower die 36b are arranged opposite one another with
the supporting substrate 24 between them.

[0042] Then, ultraviolet (UV) rays are applied to the
upper die 36a and the lower die 36b from ultravioletlamps
62a and 62b that are located outside the upper and lower
dies. The upper die 36a and the lower die 36b are indi-
vidually formed of an ultraviolet transmitting material.
Therefore, the ultravioletrays radiated from the ultraviolet
lamps 62a and 62b are transmitted through the upper die
36aandthe lower die 36b and applied to the loaded spac-
er forming material 46. Thus, the spacer forming material
46 is ultraviolet-cured with the assembly 42 kept in a
close-contact state.

[0043] Subsequently, the upper die 36a and the lower
die 36b are released from the supporting substrate 24
with the cured spacer forming material 46 left on the sup-
porting substrate 24, as shown in FIG. 7. Thereafter, the
supporting substrate 24 with the spacer forming material
46 thereon is heat-treated in a heating furnace so that
the binder is evaporated from the spacer forming mate-
rial, and the spacer forming material is then regularly fired
at about 500 to 550°C for 30 minutes to 1 hour. Thus,
the spacer structure 22 is obtained having the first and
second spacers 30a and 30b built-in on the supporting
substrate 24.

[0044] In the manufacture of the SED, on the other
hand, the first substrate 10, which is provided with the
phosphor screen 16 and the metal back 17, and the sec-
ond substrate 12, which is provided with the electron
emitting elements 18 and the wires 21 and joined with
the sidewall 14, are prepared in advance. Subsequently,
the spacer structure 22 obtained in the aforesaid manner
is positioned on the second substrate 12. In this state,
the first substrate 10, second substrate 12, and spacer
structure 22 are located in a vacuum chamber, the vac-
uum chamber is evacuated, and the first substrate is then
joined to the second substrate with the sidewall 14 be-
tween them. Thus, the SED is manufactured having the
spacer structure 22.

[0045] According to the SED constructed in this man-
ner, those electron beam apertures 26a which are situ-
ated near the spacer setup positions, among the plurality
of electron beam apertures 26 formed in the supporting
substrate 24, are formed having an area greater than that
of the other electron beam apertures. If the spacer form-
ing material oozes out into the electron beam apertures
26a during the manufacture of the spacer structure,
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therefore, the ratio of the area covered by the spacer
forming material to the overall area of the electron beam
apertures is reduced. Thus, the electron beams that pass
through the electron beam apertures 26a can be prevent-
ed from hitting the oozed spacer forming material. Nor-
mally, the spacer forming material having oozed out on
the electron beam aperture side spreads along the end
edges of the electron beam apertures. By increasing the
area of the electron beam apertures 26a, therefore, the
aperture end edges lengthen, so that an overflow of the
spacer forming material into the electron beam apertures
can be reduced. In consequence, the electron beams
that pass through the electron beam apertures 26a can
be prevented from hitting the oozed spacer forming ma-
terial. Thus, there may be provided the SED with im-
proved display quality in which image failure that may be
caused by the oozed spacer forming material can be re-
strained.

[0046] According to the present embodiment, moreo-
ver, the electron beam apertures 26a are rectangular,
and theirdimensionin the second direction for wider array
pitches is enlarged, so that their area is wider than that
of the other electron beam apertures. In this case, the
width of the bridge portions 27 between the electron
beam apertures that are arranged in the first direction X
need not be reduced, so that the strength of the support-
ing substrate 24 can be prevented from being reduced.
[0047] The following is a description of a spacer struc-
ture 22 of an SED according to a second embodiment of
this invention. Among a plurality of electron beam aper-
tures 26 formed in a supporting substrate 24, as shown
in FIG. 8, a plurality of electron beam apertures that are
arranged in a first direction X in the vicinity of spacer
setup positions are continuous with one another and form
elongate rectangular openings 26a. In the present em-
bodiment, the elongate openings 26a are formed individ-
ually on the opposite sides of the spacers, and each
opening 26a is formed by internally connecting four elec-
tron beam apertures. The other electron beam apertures
26 than the electron beam apertures that are situated
near the spacer setup positions are formed having a di-
mension of 0.2 mm in the first direction X and a dimension
L1 of 0.2 mm in a second direction. On the other hand,
each opening 26a is formed having a dimension in the
first direction X about four times that of the electron beam
apertures and a dimension L2 of 0.25 mm in the second
direction, so that it has an area greater than that of the
other electron beam apertures 26. Each opening 26a is
not limited to the size equivalent to an overall size of four
electron beam apertures, but may be of a size equivalent
to an overall size of two, three, or five or more electron
beam apertures that are continuous with one another.
[0048] In the second embodiment, other configura-
tions of the SED are the same as those of the foregoing
first embodiment, so that like reference numerals are
used to designate like portions, and a detailed description
thereof is omitted.

[0049] Among the plurality of electron beam apertures
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26 formed in the supporting substrate 24, according to
the second embodiment described above, those electron
beam apertures 26 which are situated near the spacer
setup positions are formed of an elongate opening that
internally connects a plurality of electron beam apertures,
and have an area greater than that of the other electron
beam apertures. If the spacer forming material oozes out
into the electron beam apertures 26a during the manu-
facture of the spacer structure, therefore, the ratio of the
area covered by the spacer forming material to the overall
area of the electron beam apertures is reduced. Thus,
the electron beams that pass through the electron beam
apertures 26a can be prevented from hitting the oozed
spacer forming material. Normally, the spacer forming
material having oozed out on the electron beam aperture
side spreads along the end edges of the electron beam
apertures. By increasing the area of the electron beam
apertures 26a, therefore, the aperture end edges length-
en, so that the overflow of the spacer forming material
into the electron beam apertures can be reduced. In con-
sequence, the electron beams that pass through the elec-
tron beam apertures 26a can be prevented from hitting
the oozed spacer forming material. Thus, there may be
provided the SED with improved display quality in which
image failure that may be caused by the oozed spacer
forming material can be restrained.

[0050] Although the spacer structure 22 according to
the foregoing embodiment integrally comprises the first
and second substrates, the second spacers 30b may al-
ternatively be formed on the second substrate 12. Fur-
ther, the spacer structure may be provided with only a
supporting substrate and second spacers such that the
supporting substrate is in contact with the first substrate.
[0051] In an SED according to a third embodiment of
this invention, as shown in FIG. 9, a spacer structure 22
has a supporting substrate 24 formed of a rectangular
metal plate and a large number of columnar spacers 30
set up integrally on only one surface of the supporting
substrate. The supporting substrate 24 has a first surface
24a opposed to the inner surface of a first substrate 10
and a second surface 24b opposed to the inner surface
of a second substrate 12, and is located parallel to these
substrates. A large number of electron beam apertures
26 are formed in the supporting substrate 24 by etching
or the like. The electron beam apertures 26 are arranged
at first pitches in a first direction X parallel to the longitu-
dinal direction of a vacuum envelope 15 with bridge por-
tions 27 between them, and are also arranged at second
pitches larger than the first pitches in a second direction
Y perpendicular to the first direction. The electron beam
apertures 26 are arrayed opposite electron emitting ele-
ments 18, individually, and are permeated by electron
beams emitted from the electron emitting elements.
[0052] The first and second surfaces 24a and 24b of
the supporting substrate 24 and the respective inner wall
surfaces of the electron beam apertures 26 are covered
by a high-resistance film of a dielectric substance as a
dielectric layer that consists mainly of glass or ceramic.
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The supporting substrate 24 is provided in a manner such
that its first surface 24ais in surface contact with the inner
surface of the first substrate 10 with a getter film, a metal
back 17, and a phosphor screen 16 between them. The
electron beam apertures 26 in the supporting substrate
24 individually face phosphor layers R, G and B of the
phosphor screen 16. Thus, the electron emitting ele-
ments 18 face their corresponding phosphor layers
through the electron beam apertures 26.

[0053] A plurality of spacers 30 are set up integrally on
the second surface 24b of the supporting substrate 24
and are situated individually between the electron beam
apertures 26 that are arranged side by side in the second
direction Y. Respective extended ends of the spacers 30
abut the inner surface of the second substrate 12 or, in
this case, wires 21 that are provided on the inner surface
of the second substrate 12. Each of the spacers 30 is
tapered so that its diameter is reduced from the side of
the supporting substrate 24 toward its extended end. For
example, each spacer 30 has a height of about 1.4 mm.
A cross section of each spacer 30 in the direction parallel
to the supporting substrate surface has a substantially
elliptic shape.

[0054] Each electron beam aperture 26 of the support-
ing substrate 24 is rectangular. The other electron beam
apertures 26 than the electron beam apertures that are
situated near spacer setup positions are formed having
a dimension of 0.2 mm in the first direction X and a di-
mension of 0.2 mm in the second direction. Among the
electron beam apertures, those electron beam apertures
26a which are situated near the spacer setup positions
are formed having a dimension of 0.2 mm in the first
direction X and a dimension of 0.25 mm in the second
direction, so that they have an area greater than that of
the other electron beam apertures 26. In the present em-
bodiment, the area of three electron beam apertures 26a
that are situated on each side of the spacers is made
larger than that of the other electron beam apertures.
The electron beam apertures 26a with the greater area
are not limited to three in number. If necessary, four or
more electron beam apertures may be arranged on each
side of the spacers.

[0055] Astherespective extended ends of the spacers
30 abut the inner surface of the second substrate 12 with
the supporting substrate 24 in surface contact with the
first substrate 10, the spacer structure 22 constructed in
the aforesaid manner supports atmospheric pressure
that acts on these substrates and keeps a gap between
the substrates at a predetermined value.

[0056] In the third embodiment, other configurations
are the same as those of the foregoing first embodiment,
so that like reference numerals are used to designate
like portions, and a detailed description thereof is omitted.
The SED according to the third embodiment and its spac-
er structure can be manufactured by a manufacturing
method identical to the manufacturing method according
to the foregoing embodiment. The same function and ef-
fect of the foregoing first embodiment can be also ob-
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tained with the third embodiment.

[0057] Thefollowingis adetailed description ofan SED
according to a fourth embodiment of this invention.
[0058] AsshowninFIGS. 10to 12, the SED comprises
a first substrate 10 and a second substrate 12, which are
formed of a rectangular glass plate each. These sub-
strates are located opposite each other with a gap of
about 1.0 to 2.0 mm between them. The first substrate
10 and the second substrate 12 have their respective
peripheral edge portions joined together by a rectangular
sidewall 14 of glass, thereby forming a flat rectangular
vacuum envelope 15 of which the inside is kept vacuum.
[0059] A phosphor screen 16 that functions as a dis-
play screen is formed substantially covering the entire
surface of the first substrate 10. The phosphor screen 16
is composed of phosphor layers R, G and B, which glow
red, green, and blue, individually, and light shielding lay-
ers 11 arranged side by side. These phosphor layers are
stripe-shaped or dot-shaped. Further, a metal back layer
17 of aluminum or the like and a getter film 19 are suc-
cessively formed on the phosphor screen 16.

[0060] Provided on the inner surface of the second
substrate 12 are a large number of surface-conduction
electron emitting elements 18, which individually emit
electron beams as electron sources for exciting the phos-
phor layers R, G and B of the phosphor screen 16. The
electron emitting elements 18 are arranged in a plurality
of columns and a plurality of rows corresponding to indi-
vidual pixels. Each electron emitting element 18 is formed
of an electron emitting portion (not shown), a pair of el-
ement electrodes that apply voltage to the electron emit-
ting portion, etc. Further, a large number of wires 21 for
supplying potential to the electron emitting elements 18
are provided in a matrix on the inner surface of the second
substrate 12, and their respective end portions are led
out of the vacuum envelope 15.

[0061] The sidewall 14 thatfunctions as a joint member
is sealed to the peripheral edge portion of the first sub-
strate 10 and the peripheral edge portion of the second
substrate 12 with a sealant 20 of, for example, low-melt-
ing-point glass or low-melting-point metal, whereby these
substrates are joined together.

[0062] As shown in FIGS. 11 and 12, the SED com-
prises a spacer structure 22 that is located between the
first substrate 10 and the second substrate 12. The spac-
er structure 22 is provided with a supporting substrate
24 formed of a metal plate and a large number of colum-
nar spacers 30 set up integrally on the supporting sub-
strate. The supporting substrate 24 is a rectangular struc-
ture of a size corresponding to the phosphor screen 16.
It has a first surface 24a opposed to the inner surface of
the first substrate 10 and a second surface 24b opposed
to the inner surface of the second substrate 12, and is
located parallel to these substrates.

[0063] The supporting substrate 24 is formed of a met-
al plate of, for example, an iron-nickel-based alloy with
athickness of 0.1 t0 0.25 mm. A plurality of electron beam
apertures 26 are formed in the supporting substrate 24
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by etching or the like. Each electron beam aperture 26
has a rectangular shape measuring, e.g., 0.15 to 0.25
mm by 0.15 to 0.25 mm. If the longitudinal direction and
transverse direction of the first substrate 10 and the sec-
ond substrate 12 are X and Y, respectively, as shown in
FIG. 13, the electron beam apertures 26 are arranged at
predetermined pitches in the X-direction. With respect to
the Y-direction, they are arranged at pitches larger than
the pitches in the X-direction. The phosphor layers R, G
and B of the phosphor screen 16 formed on the first sub-
strate 10 and the electron emitting elements 18 on the
second substrate 12 are arranged at the same pitches
as the electron beam apertures 26 with respect to the X-
direction and the Y-direction and face the electron beam
apertures, individually.

[0064] The first and second surfaces 24a and 24b of
the supporting substrate 24 and the respective inner wall
surfaces of the electron beam apertures 26 are covered
by a dielectric layer 37 of a dielectric substance that con-
sists mainly of glass or the like, e.g., a Li-based alkali
borate glass, with a thickness of about 40 xm.

[0065] The supporting substrate 24 is provided in a
manner such that its first surface 24a is in surface contact
with the getter film 19 of the first substrate 10. The elec-
tron beam apertures 26 in the supporting substrate 24
individually face the phosphor layers R, G and B of the
phosphor screen 16 and the electron emitting elements
18 on the second substrate 12. Thus, the electron emit-
ting elements 18 face their corresponding phosphor lay-
ers through the electron beam apertures 26.

[0066] As shown in FIGS. 11 and 12, a large number
of spacers 30 are set up integrally on the second surface
24b of the supporting substrate 24. Respective extended
ends of the spacers 30 abut the inner surface of the sec-
ond substrate 12 or, in this case, the wires 21 that are
provided on the inner surface of the second substrate
12. Each of the spacers 30 is tapered so that its diameter
is reduced from the side of the supporting substrate 24
toward its extended end. For example, each spacer 30
has a height of about 1.8 mm. A cross section of each
spacer 30 in the direction parallel to the surface of the
supporting substrate 24 has a substantially elliptic shape.
Each of the spacers 30 is formed of a spacer forming
material that consists mainly of glass as a dielectric ma-
terial.

[0067] AsshowninFIGS. 11to 13, the supporting sub-
strate 24 has a plurality of height reducing portions 54
that are formed individually in setup positions for the
spacers 30. Each heightreducing portion 54 has arecess
56 that is formed on the side of the first surface 24a of
the supporting substrate 24. It is formed having a plate
thickness equal to half or less of the plate thickness of
the other parts of the supporting substrate. Thus, each
height reducing portion 54 is elastically deformable in a
direction substantially perpendicular to the first surface
24a, that is, in the height direction of the spacers 30.
Each spacer 30 is set up corresponding to each height
reducing portion 54 on the second surface 24b of the
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supporting substrate 24 and faces the recess 56.
[0068] Thefirstsurface 24a of the supporting substrate
24 is formed having a plurality of recesses 56 besides
the recesses 56 that face the spacers 30. Any of these
recesses 56 are formed between the electron beam ap-
ertures 26 in the first surface 24a.

[0069] The recesses 56 have a depth such that they
can absorb unevenness in height of the spacers 30 and
ensure good strength for deformation. Various methods
may be considered to form the recesses 56 in the sup-
porting substrate 24. If etching is used in the manufacture
of the supporting substrate 24, for example, the recesses
can be worked easily and simultaneously with the elec-
tron beam apertures by half-etching the supporting sub-
strate. Alternatively, the recesses 56 may be formed by
machining such as press molding.

[0070] In the present embodiment, each recess 56 is
formed having a shape similar to that of an end face or
contact surface of each spacer 30 on the side of the sup-
porting substrate 24. The area of the recess 56 is greater
than the area of the contact surface of the spacer 30.
The surface of the supporting substrate 50, including the
respective inner surfaces of the recesses 56, is covered
by the dielectric layer 37.

[0071] Inthe vacuum envelope 15, the supporting sub-
strate 24 should preferably be formed with grooves or
holes that communicate with the recesses 56 lest the
recesses become closed spaces.

[0072] Astherespective extended ends of the spacers
30 abut the inner surface of the second substrate 12 with
the supporting substrate 24 in contact with the first sub-
strate 10, the spacer structure 22 constructed in the
aforesaid manner supports atmospheric pressure that
acts on these substrates and keeps the gap between the
substrates at a predetermined value.

[0073] The SED comprises voltage supply portions
(not shown) that apply voltages to the supporting sub-
strate 24 and the metal back layer 17 of the first substrate
10. Voltages of, e.g., 8 kV and 10 kV are applied to the
supporting substrate and the metal back layer, respec-
tively. In displaying an image on the SED, the electron
emitting elements 18 are driven so that electron beams
are emitted from optional electron emitting elements, and
an anode voltage is applied to the phosphor screen 16
and the metal back layer 17. The electron beams emitted
from the electron emitting elements 18 are accelerated
by the anode voltage, passed through the electron beam
apertures 26 of the supporting substrate 24, and then
collide with the phosphor screen 16. Thereupon, the
phosphor layers of the phosphor screen 16 are excited
to luminescence and display the image.

[0074] The following is a description of a manufactur-
ing method for the SED constructed in this manner. A
manufacturing method for the spacer structure 22 will be
described first.

[0075] Afterametal plate of Fe-50% Niwith a thickness
of 0.12 mm is first degreased, washed, and dried, resist
films are formed individually on its opposite surfaces.
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Subsequently, both surfaces of the metal plate are ex-
posed to light, developed, and dried to form resist pat-
terns. Thereafter, the electron beam apertures 26 meas-
uring 0.18 by 0.18 mm are formed in predetermined po-
sitions of the metal plate by etching. At the same time,
predetermined positions of the first surface side of the
metal plate, that is, that surface of the metal plate which
faces the first substrate 10, are half-etched to form the
recesses 56 having a major-axis diameter of 3 mm and
a minor-axis diameter of 0.4 mm each. Thereafter, glass
frit is spread to a thickness of 40 um over the entire sur-
face of the supporting substrate 24, dried, and then fired,
whereupon the dielectric layer 37 is formed.

[0076] Subsequently, a molding die in the form of a
rectangular plate having substantially the same size as
the supporting substrate 24 is prepared. The molding die
is a flat plate formed of a transparent material that trans-
mits ultraviolet rays, e.g., clear silicone consisting mainly
of clear polyethylene terephthalate. The molding die has
a flat contact surface in contact with the supporting sub-
strate 24 and a large number of bottomed spacer forming
holes for molding the spacers. The spacer forming holes
individually open in the contact surface of the molding
die and are arranged at predetermined spaces. Each
spacer forming holes is formed having a length of 1 mm,
width of 0.35 mm, and height of 1.8 mm corresponding
to the size of each spacer. Thereafter, the spacer forming
holes of the molding die are loaded with a spacer forming
material. A glass paste that contains at least an ultravi-
olet-curing binder (organic component) and a glass filler
is used as the spacer forming material. The specific grav-
ity and viscosity of the glass paste are selected as re-
quired.

[0077] Subsequently, the molding die is positioned so
that the spacer forming holes filled with the spacer form-
ing material individually face regions between the adja-
cent electron beam apertures, and the contact surface
is brought into close contact with the second surface 24b
of the supporting substrate. Thus, an assembly is formed
having the supporting substrate 24 and the molding die.
[0078] Then, ultraviolet (UV) rays are applied to the
loaded spacer forming material from the outer surface
side of the supporting substrate 24 and the molding die
by means of, for example, an ultraviolet lamp or the like,
whereupon the spacer forming material is UV-cured. In
this case, the molding die is formed of clear silicone as
an ultraviolet-transmitting material. Therefore, the ultra-
violet rays are applied to the spacer forming material di-
rectly or through the molding die. Thus, the loaded spacer
forming material can be securely cured to its inner part.
[0079] Thereafter, the molding die is separated from
the supporting substrate 24 with the cured spacer forming
material left on the supporting substrate 24. Then, the
supporting substrate 24 with the spacer forming material
thereon is heat-treated in a heating furnace so that the
binder is evaporated from the spacer forming material,
and the spacer forming material is then regularly fired at
about 500 to 550°C for 30 minutes to 1 hour, whereupon
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it is vitrified. Thus, the spacer structure 22 is obtained
having the spacers 30 built-in on the second surface 24b
of the supporting substrate 24.

[0080] In the manufacture of the SED, on the other
hand, the first substrate 10, which is provided with the
phosphor screen 16 and the metal back layer 17, and
the second substrate 12, which is provided with the elec-
tron emitting elements 18 and the wires 21 and joined
with the sidewall 14, are prepared in advance. After the
spacer structure 22 obtained in the aforesaid manner is
then positioned on the second substrate 12, four corners
of the supporting substrate 24 are welded individually to
metallic posts that are set up individually on four corner
portions of the second substrate 12. By doing this, the
spacer structure 22 is fixed to the second substrate 12.
The supporting substrate 24 should only be fixed in at
least two spots.

[0081] Thereafter, the first substrate 10 and the second
substrate 12 having the spacer structure 22 fixed thereon
are located in a vacuum chamber, the vacuum chamber
is evacuated, and the getter film 19 is formed on the metal
back layer 17 of the first substrate. Subsequently, the
first substrate is then joined to the second substrate with
the sidewall 14 between them, and the spacer structure
22 is interposed between these substrates. Thus, the
SED is manufactured having the spacer structure 22.
[0082] According to the SED constructed in this man-
ner, the spacers 30 are provided only on the side of the
second substrate 12 of the supporting substrate 24, so
that the distance between the supporting substrate 24
and the second substrate 12 can be extended by increas-
ing the length of each spacer. Thus, the pressure resist-
ance between the supporting substrate and the second
substrate can be improved to restrain generation of elec-
tric discharge between them.

[0083] The supporting substrate 24 has height reduc-
ing portions 54 and the spacers 30 are provided individ-
ually on the height reducing portions. As shown in FIG.
14, the height reducing portions 54 act as leaf springs or
coned-disc springs. Ifthe spacers 30 are unevenin height
or the like, the height reducing portions 54 are elastically
deformed in the height direction of the spacers to absorb
the unevenness in height. Thus, atmospheric pressure
that acts on the first substrate 10 and the second sub-
strate 12 can be stably supported by the spacers 30, so
that strength of the atmospheric strength of the vacuum
envelope 15 can be enhanced. At the same time, the
spacers can be prevented from being damaged by une-
venness in height.

[0084] If the spacers 30 are uneven in height, moreo-
ver, production of gaps between the first substrate 10
and the respective distal ends of the spacers can be pre-
vented, so that electric discharge that is attributable to
the gaps can be restrained. Since the supporting sub-
strate 24 is covered by the dielectric layer 37, the sup-
porting substrate itself can also function as a shield that
suppresses electric discharge. Thus, there may be ob-
tained the SED that can restrain generation of electric
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discharge and is enhanced in atmospheric strength.
[0085] Thefirstsurface 24a of the supporting substrate
24 is in contact with the first substrate 10 with the getter
film 19 between them. Therefore, the metal back layer
17 and the supporting substrate 24 are at the same po-
tential, and the metal back layer 17 and the getter film
19 are sandwiched between the first substrate 10 and
the supporting substrate 24. In this case, peeling of the
metal back layer 17 and the getter film 19 and damage
to the metal back layer and the phosphor screen can be
prevented. Thus, agood image quality can be maintained
for along period of time. At the same time, the there may
be obtained the SED of improved reliability that can re-
strain generation of electric discharge attributable to the
peeled metal back layer and getter film.

[0086] The plurality of recesses 56 are formed in the
first surface 24a of the supporting substrate 24 that is in
contact with the getter film 19, and the recesses commu-
nicate with the interior of the vacuum envelope through
grooves or holes (not shown). If the getter film 19 is cov-
ered by the supporting substrate 24, therefore, the area
of contact between the supporting substrate and the get-
ter film 19 can be reduced to increase the area of expo-
sure of the getter film. Thus, reduction of the getter effi-
ciency can be lowered, and a high vacuum can be main-
tained.

[0087] In the fourth embodiment described above,
each recess 56 of the supporting substrate 24 is formed
having a shape similar to that of the end face of each
spacer 30. However, the recess 56 should only have an
area greater than that of the end face, and its shape can
be changed as required. As shown in FIG. 15, each re-
cess 56 may be formed of a groove that extends between
the electron beam apertures 26 of the supporting sub-
strate 24 and continuously extends covering a plurality
of height reducing portions 54 arranged in the direction
of a major axis X. If necessary, the number of recesses
56 formed may be increased or decreased.

[0088] Thefollowingis a detailed description ofan SED
according to a fifth embodiment of this invention.
[0089] AsshowninFIGS. 16to 18,the SED comprises
a first substrate 10 and a second substrate 12, which are
formed of a rectangular glass plate each. These sub-
strates are located opposite each other with a gap of
about 1.0 to 2.0 mm between them. The first substrate
10 and the second substrate 12 have their respective
peripheral edge portions joined together by a sidewall 14
of glass in the form of a rectangular frame, thereby form-
ing a flat vacuum envelope 15 of which the inside is kept
vacuum. If the direction parallel to the respective long
sides of the first substrate 10 and the second substrate
12 and the direction parallel to their respective short sides
are a first direction X and a second direction Y, respec-
tively, an effective display region of the SED has a rec-
tangular form measuring 800 mm in the first direction X
by 500 mm in the second direction Y.

[0090] A phosphor screen 16 is formed on the inner
surface of the first substrate 10. The phosphor screen 16
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is composed of phosphor layers R, G and B (only phos-
phor layers G are shown), which glow red, green, and
blue, individually, and light shielding layers 11 arranged
side by side. These phosphor layers are stripe-shaped,
dot-shaped, or rectangular. A metal back 17 of aluminum
or the like and a getter film 19 are successively formed
on the phosphor screen 16.

[0091] Provided on the inner surface of the second
substrate 12 are a large number of surface-conduction
electron emitting elements 18, which individually emit
electron beams as electron sources for exciting the phos-
phor layers R, G and B of the phosphor screen 16. These
electron emitting elements 18 are arranged in a plurality
of columns and a plurality of rows corresponding to indi-
vidual pixels. Each electron emitting element 18 is formed
of an electron emitting portion (not shown), a pair of el-
ement electrodes that apply voltage to the electron emit-
ting portion, etc. A large number of wires 21 for supplying
potential to the electron emitting elements 18 are provid-
ed inamatrix on the inner surface of the second substrate
12, and their respective end portions are led out of the
vacuum envelope 15. The sidewall 14 is sealed to the
peripheral edge portion of the first substrate 10 and the
peripheral edge portion of the second substrate 12 with
a sealant 20 of, for example, low-melting-point glass or
low-melting-point metal, whereby these substrates are
joined together.

[0092] AsshowninFIGS. 17 to 19, the SED comprises
a plurality of, e.g., four, spacer structures 22a, 22b, 22c
and 22d that are located between the first substrate 10
and the second substrate 12. Each of the spacer struc-
tures 22a, 22b, 22¢ and 22d is composed of a supporting
substrate 24, formed of a rectangular metal plate located
between the first and second substrates 10 and 12, and
a large number of columnar spacers set up integrally on
the opposite surfaces of the supporting substrate. The
four spacer structures 22a, 22b, 22c and 22d, which have
the same structure, are arranged side by side in the sec-
ond direction Y with gaps between them so as to cover
the entire display region.

[0093] Specifically, in the spacer structure 22b as a
representative, the supporting substrate 24 has an elon-
gate rectangular form with a length of 800 mm in the first
direction X and alength of 500 mm in the second direction
Y. The supporting substrate 24 has a first surface 24a
opposed to the inner surface of the first substrate 10 and
a second surface 24b opposed to the inner surface of
the second substrate 12, and is located parallel to these
substrates. A large number of electron beam apertures
26 are formed in the supporting substrate 24 by etching
or the like. The electron beam apertures 26 are arranged
at first pitches in the first direction X with bridge portions
between them, and are also arranged at second pitches
larger than the first pitches in the second direction Y. The
electron beam apertures 26 are arrayed opposite the
electron emitting elements 18, individually, and are per-
meated by the electron beams emitted from the electron
emitting elements.
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[0094] The supporting substrate 24 is formed of a met-
al plate of, for example, an iron-nickel-based alloy with
a thickness of 0.1 to 0.3 mm. An oxide film formed of
elements that constitute the metal plate, e.g., an oxide
film of Fe30, and NiFe,O,, is formed on the surfaces of
the supporting substrate 24. Further, the surfaces 24a
and 24b of the supporting substrate 24 and the respective
wall surfaces of the electron beam apertures 26 are cov-
ered by coating layer 28 as a high-resistance film that
has a preventive effect against secondary electron gen-
eration. The coating layer 28 is formed overlapping a
dielectric layer 27.

[0095] The coating layer 28 contains a material such
as chromium oxide whose secondary electron emission
coefficientis as low as 0.4 to 2.0. There are found various
such materials with low secondary electron emission co-
efficients, many of which exist in good conductors that
generally have free electrons. In the SED, as mentioned
later, however, a relatively high voltage of about 10 kV
is applied between the first substrate and the second
substrate, so that a material with a relatively high resist-
ance, such as a dielectric material or semiconductor,
must be selected as the coating layer. Chromium oxide
is a material that has a relatively high volume resistance
of about 10° Qcm and a low secondary electron emission
coefficient. Preferably, the supporting substrate 24 that
constitutes the spacer structures 22 should have a sur-
face resistivity of 107 Qcm or more. In the present em-
bodiment, therefore, the coating layer 28 is formed of a
composite material that is prepared by mixing a glass
paste and chromium oxide powder. Thus, an electric dis-
charge restraining effect can be obtained by macroscop-
ically increasing the surface resistivity value of the sup-
porting substrate 24.

[0096] As shown in FIGS. 17 to 19, a plurality of first
spacers 30a are set up integrally on the first surface 24a
of the supporting substrate 24 and individually situated
between the electron beam apertures 26 that are ar-
ranged in the second direction Y. The respective distal
ends of the first spacers 30a abut the inner surface of
the first substrate 10 through the getter film 19, the metal
back 17, and the light shielding layers 11 of the phosphor
screen 16.

[0097] A plurality of second spacers 30b are set up
integrally on the second surface 24b of the supporting
substrate 24 and are individually situated between the
electron beam apertures 26 that are arranged in the sec-
ond direction Y. The respective distal ends of the second
spacers 30b abut the inner surface of the second sub-
strate 12. The respective distal ends of the second spac-
ers 30b are situated individually on the wires 21 that are
provided on the inner surface of the second substrate
12. The first and second spacers 30a and 30b are situ-
ated in alignment with one another and are formed inte-
grally with the supporting substrate 24 in a manner such
that the supporting substrate 24 is held between them
from both sides.

[0098] Each of the first and second spacers 30a and
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30b is tapered so that its diameter is reduced from the
side of the supporting substrate 24 toward its extended
end. For example, each first spacer 30a has a substan-
tially elliptic cross-sectional shape such that the diame-
ters of its proximal end situated on the side of the sup-
porting substrate 24 are about 0.3 mm and 2 mm, the
diameters on its extended end are 0.2 mm and 2 mm,
and its height is about 0.6 mm. Each second spacer 30b
has a substantially elliptic cross-sectional shape such
that the diameters of its proximal end situated on the side
of the supporting substrate 24 are about 0.3 mm and 2
mm, the diameters on its extended end are 0.2 mm and
2 mm, and its height is about 0.8 mm.

[0099] The four spacer structures 22a, 22b, 22¢ and
22d constructed in this manner are arranged in the sec-
ond direction with gaps between them in a manner such
that the long sides of their respective supporting sub-
strates 24 extend parallel to the first direction X. The sup-
porting substrates 24 are located parallel to one another
and to the first substrate 10 and the second substrate.
The opposite end portions of each supporting substrate
24 in the first direction X are fixed individually to support-
ing members 32 that are set up on the inner surface of
the second substrate 12. The first and second spacers
30a and 30b of each spacer structure abut the respective
inner surfaces of the first substrate 10 and the second
substrate 12, thereby supporting atmospheric pressure
that acts on these substrates and keeping the gap be-
tween the substrates at a predetermined value.

[0100] The SED comprises voltage supply portions
(not shown) that apply voltages to the supporting sub-
strate 24 and the metal back 17 of the first substrate 10.
The voltage supply portions are connected individually
to the supporting substrate 24 and the metal back 17,
and apply voltages of, e.g., 12 kV and 10 kV to the sup-
porting substrate 24 and the metal back 17, respectively.
In displaying an image on the SED, an anode voltage is
applied to the phosphor screen 16 and the metal back
17, and electron beams emitted from the electron emit-
ting elements 18 are accelerated by the anode voltage
and collide with the phosphor screen 16. Thereupon, the
phosphor layers of the phosphor screen 16 are excited
to luminescence and display the image.

[0101] The following is a description of a manufactur-
ing method for the SED constructed in this manner. A
manufacturing method for each spacer structure 22 will
be described first.

[0102] As shown in FIG. 19, the supporting substrate
24 with a predetermined size and an upper die and a
lower die, each in the form of a rectangular plate having
substantially the same size as the supporting substrate,
are prepared. A metal plate with a plate thickness of 0.12
mm that contains 45 to 55% by weight of nickel, iron for
the remainder, and unavoidable impurities is used for the
supporting substrate 24. After this metal plate is de-
greased, washed, and dried, the electron beam apertures
26 are formed by etching. After the entire metal plate is
oxidized, the dielectric layer 27 is formed on the surface
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of the metal plate including the respective inner surfaces
of the electron beam apertures 26. Further, a coating
solution that is prepared by mixing a glass paste with
about 30% by weight of chromium oxide (Cr,03 - o : o
=-0.5t00.5) is spread on the dielectric layer 27 by spray-
ing, dried, and then fired, whereupon the coating layer
28 is formed. Thus, the supporting substrate 24 is ob-
tained. Preferably, the chromium oxide material has a
particle size of 0.1 to 10 wm and purity of 98 to 99.9%.
[0103] The coating layer 28 is not limited to a coating
film but may be a layer that is obtained by forming a thin
film of chromium oxide on the surface of the supporting
substrate by vacuum vapor deposition, sputtering, ion
plating, or the zol-gel method.

[0104] The upperdie andthe lower die for use as mold-
ing dies are flat plates formed of a transparent material
that transmits ultraviolet rays, e.g., clear silicone or clear
polyethylene terephthalate. The upper die has a flat con-
tact surface in contact with the supporting substrate 24
and a large number of bottomed spacer forming holes
for molding the first spacers 30a. The spacer forming
holes individually open in the contact surface of the upper
die and are arranged at predetermined spaces. Likewise,
the lower die has a flat contact surface and a large
number of bottomed spacer forming holes for molding
the second spacers 30b. The spacer forming holes indi-
vidually open in the contact surface of the lower die and
are arranged at predetermined spaces.

[0105] Subsequently, the spacer forming holes of the
upper die and the spacer forming holes of the lower die
are loaded with a spacer forming material. A glass paste
that contains atleast an ultraviolet-curing binder (organic
component) and a glass filler is used as the spacer form-
ing material. The specific gravity and viscosity of the glass
paste are selected as required.

[0106] The upper die is positioned so that the spacer
forming holes filled with the spacer forming material in-
dividually face regions between the electron beam aper-
tures 26, and the contact surface is brought into close
contact with the first surface 24a of the supporting sub-
strate 24. Likewise, the lower die is positioned so that
the spacer forming holes individually face regions be-
tween the electron beam apertures 26, and the contact
surface is brought into close contact with the second sur-
face 24b of the supporting substrate 24. An adhesive
may be previously applied to the spacer setup positions
on the supporting substrate 24 by means of a dispenser
or by printing. Thus, an assembly is formed having the
supporting substrate 24, upper die, and lower die. In the
assembly, the spacer forming holes of the upper die and
the spacer forming holes of the lower die are arranged
opposite one another with the supporting substrate 24
between them.

[0107] Then, ultraviolet (UV) rays are applied to the
upper die and the lower die from ultraviolet lamps that
are located outside the upper and lower dies. The upper
die and the lower die are individually formed of an ultra-
violet transmitting material. Therefore, the ultraviolet rays
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radiated from the ultraviolet lamps are transmitted
through the upper die and the lower die and applied to
the loaded spacer forming material. Thus, the spacer
forming material is ultraviolet-cured with the assembly
kept in a close-contact state.

[0108] Subsequently, the upper die and the lower die
are released from the supporting substrate 24 with the
cured spacer forming material left on the supporting sub-
strate 24. Thereafter, the supporting substrate 24 with
the spacer forming material thereon is heat-treated in a
heating furnace so that the binder is evaporated from the
spacer forming material, and the spacer forming material
isthen regularly fired at about 500 to 550°C for 30 minutes
to 1 hour. Thus, the spacer structure is obtained having
the first and second spacers 30a and 30b built-in on the
supporting substrate 24. The four spacer structures 22a,
22b, 22¢ and 22d are formed having the same configu-
ration.

[0109] In the manufacture of the SED, the first sub-
strate 10, which is provided with the phosphor screen 16
and the metal back 17, and the second substrate 12,
which is provided with the electron emitting elements 18
and the wires 21 and joined with the sidewall 14, are
prepared in advance. Subsequently, the spacer struc-
tures 22a, 22b, 22c and 22d obtained in the aforesaid
manner are positioned on the second substrate 12 and
fixed to the supporting members 32. In this state, the first
substrate 10, second substrate 12, and spacer structures
22 are located in a vacuum chamber, the vacuum cham-
ber is evacuated, and the first substrate is then joined to
the second substrate with the sidewall 14 between them.
Thus, the SED is manufactured having the spacer struc-
tures 22a, 22b, 22c and 22d.

[0110] According to the SED constructed in this man-
ner, the spacer structures 22a, 22b, 22c and 22d that are
divided in four with respect to the display region and
formed like oblong belts measuring 800 mm by 120 mm
each are arranged in the longitudinal direction or the sec-
ond direction Y. Thus, each spacer structure can be
aligned independently of the first and second substrates,
and the alignment accuracy of the spacer structures can
be made higher than in the case where the single spacer
structure is used to cover the entire display region. In the
present embodiment, in particular, the alignment accu-
racy of each spacer structure in the second direction Y
for its shorter sides can be improved considerably.
[0111] At the same time, the accuracy of machining
for each spacer, such as etching or laser machining, can
be improved by miniaturizing the spacer structure by plu-
ral division. Further, each spacer structure can be man-
ufactured at low cost by an existing manufacturing meth-
od. If the pixel pitches of the SED are lessened for higher
precision or if the SED is made large-sized, therefore,
the spacer structures can be aligned highly accurately
with the electron emitting elements. Thus, a large-sized,
high-precision SED can be obtained.

[0112] Inthe SED described above, the surfaces and
peripheral edge portions of the respective supporting
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substrates 24 of the individual spacer structures are cov-
ered by the coating layer 28 that contains the material
whose secondary electron emission coefficient ranges
from 0.4 to 2.0. Even if any of electrons emitted from the
electron emitting elements 18 collide with the surface of
the supporting substrate 24, therefore, generation of sec-
ondary electrons on the supporting substrate surface can
be reduced considerably. Thus, generation of electric dis-
charge attributable to emission of secondary electrons
can be restrained, so that it is possible to prevent break-
age or degradation of the electron emitting elements, the
phosphor screen, or the wires on the first substrate that
are attributable to electric discharge. Further, charging
of the spacers that is attributable to secondary electrons
can be prevented to reduce mistracking of electron
beams with respect to the phosphor layers, so that the
color purity of displayed images can be improved. At the
same time, the electron beams can be prevented from
being attracted to gaps between adjacent supporting
substrates 24, so that lines originated by the gaps can
be prevented from being displayed on the screen.
[0113] Inthe SED described above, the number of di-
vided spacer structures is not limited to four but may be
increased or decreased as required. Further, the direc-
tion of division of the spacer structures is not limited to
the second direction Y, but the spacer structures may be
divided in the first direction or in both the first and second
directions.

[0114] An SED according to a sixth embodiment
shown in FIG. 20 is provided with five divided spacer
structures 22a, 22b, 22¢, 22d and 22e. A supporting sub-
strate 24 of each spacer structure is in the form of a belt
that is elongated in a second direction Y, measuring 200
mmin afirstdirection X by 500 mm in the second direction
Y, for example. A large number of electron beam aper-
tures 26 are formed in the supporting substrate 24. A
plurality of first spacers 30a are set up integrally on a first
surface 24a of the supporting substrate 24, while a plu-
rality of second spacers 30b are set up integrally on a
second surface 24b.

[0115] The five spacer structures 22a, 22b, 22c, 22d
and 22e are arranged in the first direction with gaps be-
tween them in a manner such that the long sides of their
respective supporting substrates 24 extend parallel to
the second direction Y. The five supporting substrates
24 are located parallel to one another and to a first sub-
strate 10 and a second substrate. The opposite end por-
tions of each supporting substrate 24 in the second di-
rection X are fixed to supporting members 32 that are set
up on the inner surface of the second substrate 12. The
first and second spacers 30a and 30b of each spacer
structure abut the respective inner surfaces of the first
substrate 10 and the second substrate 12, thereby sup-
porting atmospheric pressure that acts on these sub-
strates and keeping the gap between the substrates at
a predetermined value.

[0116] In the sixth embodiment, other configurations
are the same as those of the foregoing fifth embodiment,
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so that like reference numerals are used to designate
like portions, and a detailed description thereofis omitted.
The same function and effect of the foregoing fifth em-
bodiment can be also obtained with the sixth embodi-
ment.

[0117] Inan SED according to a seventh embodiment
shown in FIG. 21, a display region is formed measuring
1,200 mm in a first direction X by 750 mm in a second
direction Y. The SED comprises four spacer structures
22a,22b, 22c and 22d that are divided in the first direction
X and the second direction Y. The supporting substrate
24 of each spacer structure is formed having a rectan-
gular shape substantially similar to the shape of the first
substrate 10, measuring 600 mm in the first direction X
by 375 mmin the second direction Y, for example. A large
number of electron beam apertures 26 are formed in the
supporting substrate 24. A plurality of first spacers 30a
are set up integrally on a first surface 24a of the support-
ing substrate 24, while a plurality of second spacers 30b
are set up integrally on a second surface 24b.

[0118] The four spacer structures 22a, 22b, 22c and
22d are arranged in two rows and two columns in the first
direction X and the second direction Y with gaps between
them in a manner such that the long sides and short sides
of their respective supporting substrates 24 extend par-
allel to the first direction and the second direction. The
four supporting substrates 24 are located parallel to one
another and to the first substrate 10 and the second sub-
strate. Among corner portions of each supporting sub-
strate 24, those corner portions which are opposed to
the other supporting substrates 24 and situated on the
peripheral edge side of the second substrate 12 are fixed
to supporting members 32 that are set up on the inner
surface of the second substrate 12. Specifically, those
two corner portions of each supporting substrate 24
which is situated outside an effective image region are
fixed to the supporting members 32. The first and second
first spacers 30a and 30b of each spacer structure abut
the respective inner surfaces of the first substrate 10 and
the second substrate 12, thereby supporting atmospheric
pressure that acts on these substrates and keeping a
gap between the substrates at a predetermined value.
[0119] In the seventh embodiment, other configura-
tions are the same as those of the foregoing fifth embod-
iment, so that like reference numerals are used to des-
ignate like portions, and a detailed description thereof is
omitted. The same function and effect of the foregoing
first embodiment can be also obtained with the seventh
embodiment.

[0120] Inthefifth to seventh embodiments, the plurality
of spacer structures need not be formed in the same size
but may be different in size.

[0121] Although each spacer structure is provided in-
tegrally with the first and second spacers and the sup-
porting substrate(s) according to the foregoing embodi-
ments, the second spacers 30b may alternatively be
formed on the second substrate 12. Further, each spacer
structure may be provided with only the supporting sub-
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strate(s) and the second spacers. In this case, the sup-
porting substrate is in contact with the first substrate.
[0122] As shown in FIG. 22, an SED according to an
eighth embodiment of this invention is provided with, for
example, four divided spacer structures 22a, 22b, 22¢
and 22d. Each spacer structure has a supporting sub-
strate 24 formed of a rectangular metal plate and a large
number of columnar spacers 30 set up integrally on only
one surface of the supporting substrate. The supporting
substrate 24 has a first surface 24a opposed to the inner
surface of a first substrate 10 and a second surface 24b
opposed to the inner surface of a second substrate 12,
and is located parallel to these substrates. A large
number of electron beam apertures 26 are formed in the
supporting substrate 24 by etching or the like. The elec-
tron beam apertures 26 are arrayed opposite electron
emitting elements 18, individually, and are permeated by
electron beams emitted from the electron emitting ele-
ments.

[0123] The first and second surfaces 24a and 24b of
the supporting substrate 24 and the respective inner wall
surfaces of the electron beam apertures 26 are covered
by a dielectric layer 27 as a dielectric layer that consists
mainly of glass or ceramic, and moreover, a coating layer
28 is formed overlapping the dielectric layer. The sup-
porting substrate 24 is provided in a manner such that
its first surface 24a is in surface contact with the inner
surface of the first substrate 10 with a getter film, a metal
back 17, and a phosphor screen 16 between them. The
electron beam apertures 26 in the supporting substrate
24 individually face phosphor layers R, G and B of the
phosphor screen 16. Thus, the electron emitting ele-
ments 18 face their corresponding phosphor layers
through the electron beam apertures 26.

[0124] A plurality of spacers 30 are set up integrally on
the second surface 24b of the supporting substrate 24
and are situated individually between the electron beam
apertures 26. Respective extended ends of the spacers
30 abut the inner surface of the second substrate 12 or,
in this case, wires 21 that are provided on the inner sur-
face of the second substrate 12. Each of the spacers 30
is tapered so that its diameter is reduced from the side
of the supporting substrate 24 toward its extended end.
For example, each spacer 30 has a height of about 1.4
mm. A cross section of each spacer 30 in the direction
parallel to the supporting substrate surface has a sub-
stantially elliptic shape.

[0125] The four spacer structures 22a, 22b, 22¢ and
22d constructed in this manner are arranged in, for ex-
ample, a second direction Y with gaps between them so
as to cover the entire display region. As the respective
extended ends of the spacers 30 abut the inner surface
of the second substrate 12 with the supporting substrate
24 in surface contact with the first substrate 10, each
spacer structure supports atmospheric pressure that acts
on these substrates and keeps a gap between the sub-
strates at a predetermined value.

[0126] In the eighth embodiment, other configurations
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are the same as those of the foregoing first embodiment,
so that like reference numerals are used to designate
like portions, and a detailed description thereofis omitted.
The SED according to the eighth embodiment and its
spacer structure can be manufactured by a manufactur-
ing method identical to the manufacturing method ac-
cording to the foregoing embodiment. The same function
and effect of the foregoing fifth embodiment can be also
obtained with the eighth embodiment.

[0127] The following is a description of a ninth embod-
iment of this invention.

[0128] According to the present embodiment, as
shown in FIGS. 23 to 25, an SED is provided with, for
example, four divided spacer structures 22a, 22b, 22c
and 22d. Each spacer structure has a supporting sub-
strate 24 formed of a rectangular metal plate and a large
number of columnar spacers 30 set up integrally on only
one surface of the supporting substrate. The supporting
substrate 24 has a first surface 24a opposed to the inner
surface of a first substrate 10 and a second surface 24b
opposed to the inner surface of a second substrate 12,
and is located parallel to these substrates. A large
number of electron beam apertures 26 are formed in the
supporting substrate 24 by etching or the like. The elec-
tron beam apertures 26 are arrayed opposite electron
emitting elements 18, individually, and are permeated by
electron beams emitted from the electron emitting ele-
ments.

[0129] The first and second surfaces 24a and 24b of
the supporting substrate 24 of each spacer structure and
the respective inner wall surfaces of the electron beam
apertures 26 are covered by a dielectric layer 27 as a
dielectric layer that consists mainly of glass or ceramic,
and moreover, a coating layer 28 is formed overlapping
the dielectric layer. The supporting substrate 24 is pro-
vided in a manner such that its first surface 24a is in
surface contactwith the inner surface of the first substrate
10 with a getter film, a metal back 17, and a phosphor
screen 16 between them. The electron beam apertures
26 in the supporting substrate 24 individually face phos-
phor layers R, G and B of the phosphor screen 16. Thus,
the electron emitting elements 18 face their correspond-
ing phosphor layers through the electron beam apertures
26.

[0130] A plurality of spacers 30 are set up integrally on
the second surface 24b of the supporting substrate 24
and are situated individually between the electron beam
apertures 26. Respective extended ends of the spacers
30 abut the inner surface of the second substrate 12 or,
in this case, wires 21 that are provided on the inner sur-
face of the second substrate 12. Each of the spacers 30
is tapered so that its diameter is reduced from the side
of the supporting substrate 24 toward its extended end.
For example, each spacer 30 has a height of about 1.4
mm. A cross section of each spacer 30 in the direction
parallel to the supporting substrate surface has a sub-
stantially elliptic shape.

[0131] As shown in FIG. 25, each electron beam ap-
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erture 26 in the supporting substrate 24 is formed having
a rectangular shape. The other electron beam apertures
26 than the electron beam apertures that are situated
near spacer setup positions are formed having a dimen-
sion of 0.2 mm in a first direction X and a dimension L1
of 0.2 mm in a second direction. Among the electron
beam apertures, those electron beam apertures 26a
which are situated near the spacer setup positions are
formed having a dimension of 0.2 mm in the first direction
Xand a dimension L2 of 0.25 mm in the second direction,
so that they have an area greater than that of the other
electron beam apertures 26. The electron beam aper-
tures 26a that are situated near the spacer setup posi-
tions imply electron beam apertures that face first and
second spacers 30a and 30b. In the present embodi-
ment, the area of the three electron beam apertures 26a
situated on each side of the spacers is made greater than
that of the other electron beam apertures. The electron
beam apertures 26a with the greater area are not limited
to three in number. If necessary, four or more electron
beam apertures may be arranged on each side of the
spacers.

[0132] As shown in FIGS. 24 and 25, the supporting
substrate 24 of each spacer structure has a plurality of
height reducing portions 54 that are formed individually
in the setup positions for the spacers 30. Each height
reducing portion 54 has a recess 56 that is formed on
the side of the first surface 24a of the supporting substrate
24. It is formed having a plate thickness equal to half or
less of the plate thickness of the other parts of the sup-
porting substrate. Thus, each height reducing portion 54
is elastically deformable in a direction substantially per-
pendicular to the first surface 24a, that is, in the height
direction of the spacers 30. Each spacer 30 is set up
corresponding to each height reducing portion 54 on the
second surface 24b of the supporting substrate 24 and
faces the recess 56.

[0133] The recesses 56 have a depth such that they
can absorb unevenness in height of the spacers 30 and
ensure good strength for deformation. Various methods
may be considered to form the recesses 56 in the sup-
porting substrate 24. If etching is used in the manufacture
of the supporting substrate 24, for example, the recesses
can be worked easily and simultaneously with the elec-
tron beam apertures by half-etching the supporting sub-
strate. Alternatively, the recesses 56 may be formed by
machining such as press molding.

[0134] In the present embodiment, each recess 56 is
formed having a shape similar to that of an end face or
contact surface of each spacer 30 on the side of the sup-
porting substrate 24. The area of the recess 56 is greater
than the area of the contact surface of the spacer 30.
The surface of the supporting substrate 50, including the
respective inner surfaces of the recesses 56, is covered
by a dielectric layer 37.

[0135] The four spacer structures 22a, 22b, 22¢ and
22d constructed in this manner are arranged in, for ex-
ample, the second direction Y with gaps between them
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so as to cover the entire display region. As the respective
extended ends of the spacers 30 abut the inner surface
of the second substrate 12 with the supporting substrate
24 in surface contact with the first substrate 10, each
spacer structure supports atmospheric pressure that acts
on these substrates and keeps a gap between the sub-
strates at a predetermined value.

[0136] In the ninth embodiment, other configurations
are the same as those of the foregoing first, fourth, and
eighth embodiments, so that like reference numerals are
used to designate like portions, and a detailed description
thereof is omitted. The SED according to the ninth em-
bodiment and its spacer structure can be manufactured
by a manufacturing method identical to the manufactur-
ing method according to the foregoing embodiments. The
same function and effect of the foregoing first, fourth, and
fifth embodiment can be also obtained with the ninth em-
bodiment.

[0137] The present invention is not limited directly to
the embodiments described above, and its components
may be embodied in modified forms without departing
from the scope or spirit of the invention. Further, various
inventions may be made by suitably combining a plurality
of components described in connection with the forego-
ing embodiments. For example, some of the components
according to the embodiments may be omitted. Further-
more, components according to different embodiments
may be combined as required.

[0138] The diameter and height of the spacers and the
dimensions, materials, etc., of the other components are
not limited to the foregoing embodiments, but may be
suitably selected as required. Further, this invention is
not limited to image display devices that use surface-
conduction electron emitting elements as electron sourc-
es, but may be also applied to image display devices that
use other electron sources, such as the field-emission
type, carbon nanotubes, etc.

Industrial Applicability

[0139] There may be provided animage display device
with improved display quality in which the area of those
electron beam apertures which are situated near spacer
setup positions, among a plurality of electron beam ap-
ertures formed in a supporting substrate, is made greater
than that of the other electron beam apertures, whereby
image failure attributable to oozing of a spacer forming
material can be restrained. Further, there may be provid-
ed an image display device capable of restraining gen-
eration of electric discharge and enhanced in atmospher-
ic strength.

[0140] Since a plurality of divided spacer structures
are arranged for miniaturization, the positioning accuracy
and machining accuracy for each spacer structure can
be improved, and manufacturing costs can be reduced.
Thus, a large-sized, high-precision image display device
can be obtained.
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Claims

1.

An image display device comprising:

a first substrate having a phosphor screen
formed thereon;

a second substrate located opposite the first
substrate across a gap and provided with a plu-
rality of electron emission sources which excite
the phosphor screen; and

a spacer structure which is provided between
the first and second substrates and supports at-
mospheric pressure acting on the first and sec-
ond substrates,

the spacer structure having a plate-shaped sup-
porting substrate, which is opposed to the first
and second substrates and has a plurality of
electron beam apertures opposed individually
to the electron emission sources, and a plurality
of spacers set up on a surface of the supporting
substrate, those electron beam apertures,
among the plurality of electron beam apertures,
which are situated near spacer setup positions
having an area greater than that of the other
electron beam apertures.

Animage display device according to claim 1, where-
in the electron beam apertures are arranged side by
side at first pitches in a first direction with bridging
portions therebetween and arranged side by side at
second pitches greater than the first pitches in a sec-
ond direction perpendicular to the first direction, the
spacers being located between the electron beam
apertures arranged in the second direction, and
wherein those electron beam apertures, among the
plurality of electron beam apertures, which are situ-
ated nearthe spacer setup positions have a diameter
in the second direction greater than that of the other
electron beam apertures.

Animage display device according to claim 2, where-
in those electron beam apertures, among the plural-
ity of electron beam apertures, which are arranged
side by side inthe firstdirection near the spacer setup
positions are formed of openings continuous with
one another.

An image display device according to any one of
claims 1 to 3, wherein the supporting substrate has
a first surface opposed to the first substrate and a
second surface opposed to the second substrate,
and the spacers include a plurality of first spacers
set up on the first surface and a plurality of second
spacers set up on the second surface.

An image display device according to any one of
claims 1 to 3, wherein the supporting substrate has
a first surface in contact with the first substrate and
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a second surface opposed to the second substrate
across a gap, and the spacers are set up on the
second surface and each have a distal end portion
abutting the second substrate.

An image display device comprising:

a first substrate having a phosphor screen in-
cluding a phosphor layer and a metal back layer
provided overlapping the phosphor screen;

a second substrate located opposite the first
substrate across a gap and provided with a plu-
rality of electron emission sources which emit
electrons toward the phosphor screen;

a supporting substrate which is located between
the first and second substrates, has a first sur-
face in contact with the first substrate, a second
surface opposed to the second substrate, and
a plurality of electron beam apertures opposed
to the electron emission sources, and is covered
by a dielectric substance; and

a plurality of spacers which are set up between
the second surface and the second substrate
and support atmospheric pressure acting on the
first and second substrates,

the supporting substrate having a plurality of
height reducing portions individually in contact
with the spacers and elastically deformable in a
height direction of the spacers.

Animage display device according to claim 6, where-
in each of the height reducing portions has a recess
formed in the first surface of the supporting sub-
strate.

An image display device comprising:

a first substrate having a phosphor screen in-
cluding a phosphor layer, a metal back layer pro-
vided overlapping the phosphor screen, and a
getter film formed overlapping the metal back
layer;

a second substrate located opposite the first
substrate across a gap and provided with a plu-
rality of electron emission sources which emit
electrons toward the phosphor screen;

a supporting substrate which is located between
the first and second substrates, has a first sur-
face in contact with the first substrate, a second
surface opposed to the second substrate, a plu-
rality of electron beam apertures opposed to the
electron emission sources, and a plurality of re-
cesses formed in thefirst surface, and is covered
by a dielectric substance; and

a plurality of spacers which are set up between
the second surface and the second substrate
and support atmospheric pressure acting on the
first and second substrates.



10.

1.

12,

13.

14.

15.

16.

17.

33

Animage display device according to claim 8, where-
in the recesses include positions opposed to the
spacers on the first surface of the supporting sub-
strate and are formed between the electron beam
apertures.

An image display device according to any one of
claims 6 to 9, characterized in that the recesses
have an area greater than an area of contact surfac-
es of the spacers in contact with the supporting sub-
strate.

An image display device according to claim 10,
wherein each said recess has a shape similar to that
of the contact surface of each of the spacers in con-
tact with the supporting substrate.

An image display device according to claim 7 or 8,
wherein the recesses are formed of grooves extend-
ing between the electron beam apertures, individu-
ally.

An image display device according to claim 7 or 8,
characterized in that each said recess is formed
by half-etching.

An image display device comprising:

a first substrate having a phosphor screen
formed thereon;

a second substrate located opposite the first
substrate across a gap and provided with a plu-
rality of electron emission sources which excite
the phosphor screen; and

a plurality of spacer structures which are indi-
vidually provided between the first and second
substrates and support atmospheric pressure
acting on the first and second substrates,

the spacer structures each having a plate-
shaped supporting substrate, which is opposed
to the first and second substrates and has a plu-
rality of electron beam apertures opposed indi-
vidually to the electron emission sources, and a
plurality of spacers set up on a surface of the
supporting substrate.

An image display device according to claim 14,
wherein the respective supporting substrates of the
plurality of spacer structures are arranged parallel
to one another with gaps therebetween.

Animage display device according to claim 14 or 15,
wherein at least the peripheral edge portion of each
said supporting substrate is covered by a coating
layer which contains a material having a secondary
electron emission coefficient of 0.4 to 2.0.

An image display device according to claim 16,
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wherein the supporting substrate has a dielectric lay-
er which covers the surface thereof, and the coating
layer is formed overlapping the dielectric layer.

Animage display device according to claim 14 or 15,
wherein the supporting substrate of each said spacer
structure has a first surface opposed to the first sub-
strate and a second surface opposed to the second
substrate, and the spacers include a plurality of first
spacers set up on the first surface and a plurality of
second spacers set up on the second surface.

Animage display device according to claim 14 or 15,
wherein the supporting substrate of each said spacer
structure has a first surface in contact with the first
substrate and a second surface opposed to the sec-
ond substrate across a gap, and the spacers are set
up on the second surface and each have a distal end
portion abutting the second substrate.

An image display device according to claim 14,
wherein the spacers are columnar spacers.

An image display device according to claim 14,
wherein the first and second substrates are each
formed in the shape of a rectangle having long sides
and short sides, and the plurality of spacer structures
are arranged side by side in a direction parallel to
the respective short sides of the first and second
substrates.

An image display device according to claim 14,
wherein the first and second substrates are each
formed in the shape of a rectangle having long sides
and short sides, and the plurality of spacer structures
are arranged side by side in a direction parallel to
the respective long sides of the first and second sub-
strates.

An image display device according to claim 14,
wherein the first and second substrates are each
formed in the shape of a rectangle having long sides
and short sides, and the plurality of spacer structures
are arranged side by side in a direction parallel to
the respective long sides of the first and second sub-
strates and in a direction parallel to the short sides.
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