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(57) An envelope of an image display device has a
front substrate (11) and a rear substrate (12) opposed
to the front substrate, and respective peripheral edge
portions of the front substrate and the rear substrate are
sealed together with a sealing layer (21) which contains
an electrically conductive sealing material.

An electrode (30) for energizing the sealing layer is at-
tached to the envelope. The electrode is formed of an
electrically conductive member, is in electrical contact
with the sealing layer, and has a conduction portion (38)
exposed to the outside.
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Description

Technical Field

[0001] This invention relates to a flat image display
device having substrates opposed to each other, a
method of manufacturing the image display device, and
a manufacturing apparatus for the image display device.

Background Art

[0002] In recent years, various image display devices
have been developed as a next generation of light-
weight, thin display devices to replace cathode-ray
tubes (hereinafter referred to as CRTs). These image
display devices include a liquid crystal display (herein-
after referred to as an LCD), plasma display panel (here-
inafter referred to as a PDP), field emission display
(hereinafter referred to as an FED), surface-conduction
electron emission display (hereinafter referred to as an
SED), etc. In the LCD, the intensity of light is controlled
by utilizing the orientation of a liquid crystal. In the PDP,
phosphors are caused to glow by ultraviolet rays that
are produced by plasma discharge. In the FED, phos-
phors are caused to glow by electron beams from field-
emission electron emitting elements. In the SED, phos-
phors are caused to glow by electron beams from sur-
face-conduction electron emitting elements.
[0003] For example, the FED or SED generally has a
front substrate and a rear substrate that are opposed to
each other across a predetermined gap. These sub-
strates have their respective peripheral portions joined
together by a sidewall in the form of a rectangular frame,
thereby constituting a vacuum envelope.
A phosphor screen is formed on the inner surface of the
front substrate, and a large number of electron emitting
elements for use as electron emitting sources that excite
the phosphors to luminescence are provided on the in-
ner surface of the rear substrate.
[0004] A plurality of support members are arranged
between the rear substrate and the front substrate in or-
der to support atmospheric load that acts on these sub-
strates. The potential on the rear substrate side is sub-
stantially ground potential, and an anode voltage Va is
applied to a phosphor surface. Electron beams emitted
from emitters are applied to red, green, and blue phos-
phors that constitute the phosphor screen, whereby the
phosphors are caused to glow and display an image.
[0005] According to the FED or SED of this type, the
thickness of the display device can be reduced to sev-
eral millimeters. When compared with a CRT that is
used as a display of an existing TV or computer, there-
fore, they can be made lighter in weight and thinner.
[0006] In the FED or SED described above, the inside
of the envelope must be kept at high vacuum. Also in
the PDP, the envelope must be filled with electric dis-
charge gas after it is internally evacuated once.
A method of manufacturing an FED having a vacuum

envelope is described in Jpn. Pat. Appln. KOKAI Publi-
cation No. 2000-229825 or 2001-210258, for example.
According to this method, a front substrate and a rear
substrate that constitute the envelope are finally assem-
bled in a vacuum chamber.
[0007] In this method, the front substrate and the rear
substrate that are carried into the vacuum chamber are
fully heated in advance. This is done in order to reduce
gas release from the inner wall of the envelope that is
the primary cause of lowering of the degree of vacuum
of the envelope. When the front substrate and the rear
substrate are then cooled so that the degree of vacuum
in the vacuum chamber is fully raised, a getter film for
improving and maintaining the degree of vacuum of the
envelope is formed on a phosphor screen. Thereafter,
the front substrate and the rear substrate are heated
again to a temperature such that a sealing material
melts. The front substrate and the rear substrate are
combined in a predetermined position as they are
cooled so that the sealing material solidifies.
[0008] In the vacuum envelope fabricated by this
method, which combines a sealing process and a vac-
uum encapsulation process, exhaust never requires
much time, and a very high degree of vacuum can be
obtained. Preferably, moreover, the sealing material
used should be a low-melting metallic material that is
suited for batch processing for sealing and encapsula-
tion.
[0009] If the assembly is carried out in a vacuum in
this manner, however, operations to be carried out in the
sealing process are diverse, including heating, position-
ing, and cooling. Further, the front substrate and the rear
substrate must be held in the predetermined position for
a long time during which the sealing material melts and
solidifies. Furthermore, heating or cooling in the sealing
process causes the front substrate and the rear sub-
strate to expand thermally, thereby easily lowering the
positioning accuracy.
Thus, the sealing involves problems in productivity and
properties.
[0010] As a method to solve these problems, a meth-
od is studied in which an electrically conductive sealing
material, such as indium, is energized and the resulting
Joule heat is utilized to heat and melt the electrically
conductive sealing material itself, whereby substrates
are coupled together (hereinafter referred to as electri-
cal heating). According to this method, an envelope can
be vacuum-sealed in a short time by a simple apparatus
without consuming much time for substrate cooling.
Thus, with use of the electrically conductive sealing ma-
terial, only the sealing material that has a small heat ca-
pacity can be selectively heated without heating the sub-
strates, so that lowering of the positional accuracy that
is attributable to thermal expansion of the substrates
can be restrained. Since the heat capacity of the sealing
material is much smaller than the heat capacity of the
substrates, moreover, the heating and cooling times can
be made much shorter than in the case of a method in
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which the substrates are heated entirely, so that the
mass-productivity can be improved considerably.
[0011] In the case of the electrical heating, however,
steady current must be supplied to the electrically con-
ductive sealing material. If the current value is not sta-
ble, however, the time for meting the electrically conduc-
tive sealing material varies depending on each individ-
ual envelope, so that the substrates cannot be steadily
coupled together. If the electrically conductive sealing
material is excessively heated, the substrates are
cracked by the resulting heat. If the material is not fully
melted, in contrast with this, the substrates cannot be
coupled satisfactorily, so that a problem arises that the
vacuum of the envelope cannot be maintained afterward
in an exhaust process, for example.

Disclosure of Invention

[0012] This invention has been made in consideration
of these circumstances, and its object is to provide an
image display device, a method of manufacturing the
image display device, and a manufacturing apparatus,
which ensure quick and steady sealing operation.
[0013] According to an aspect of the invention, there
is provided an image display device comprising: an en-
velope having a front substrate and a rear substrate op-
posed to the front substrate, respective peripheral edge
portions of the front substrate and the rear substrate be-
ing sealed together with a sealing layer which contains
an electrically conductive sealing material; and an elec-
trode member which is attached to the envelope to be
in electrical contact with the sealing layer and serves to
energize the sealing layer.
[0014] According to another aspect of the invention,
there is provided a method of manufacturing an image
display device which is provided with an envelope hav-
ing a front substrate and a rear substrate opposed to
each other and having respective peripheral portions
thereof joined together, the method comprising: locating
an electrically conductive sealing material on the periph-
eral edge portion of at least one of the front and rear
substrates, thereby forming a sealing layer; attaching an
electrode member to the at least one of the front and
rear substrates having the sealing layer formed thereon,
and connecting the electrode member electrically to the
sealing layer; and energizing the sealing layer through
the electrode member with the front substrate and the
rear substrate opposed to each other, thereby heat-
melting the sealing layer to join together the respective
peripheral portions of the front substrate and the rear
substrate.
[0015] According to the image display device and the
manufacturing method arranged in this manner, the
electrode is connected electrically to the sealing layer
that is previously attached to the envelope, and the en-
velope is formed by electrically heating the sealing layer
through the electrode. Thus, a steady current can be
supplied to the sealing layer that is formed of the elec-

trically conductive sealing material, and sealing opera-
tion for the image display device can be speeded up and
stabilized.

Brief Description of Drawings

[0016]

FIG. 1 is a perspective view showing an outline of
an FED according to a first embodiment of this in-
vention;
FIG. 2 is a perspective view showing an internal
configuration of the FED;
FIG. 3 is a sectional view taken along line III-III of
FIG. 1;
FIG. 4 is a plan view enlargedly showing' a part of
a phosphor screen of the FED;
FIG. 5 is a perspective view showing an electrode
of the FED;
FIGS. 6A and 6B are plan views showing a front
substrate and a rear substrate, respectively, used
in the manufacture of the FED;
FIG. 7 is a perspective view showing a state in
which electrodes are attached to the rear substrate
of the FED;
FIG. 8 is a sectional view showing a state in which
the rear substrate and the front substrate are op-
posed to each other with indium located on the seal
portion;
FIG. 9 is a diagram schematically showing a vacu-
um processor used in the manufacture of the FED;
FIG. 10 is a plan view typically showing a state in
which a power source is connected to the elec-
trodes on the FED in a manufacturing process for
the FED;
FIG. 11 is a perspective view showing a part of an
FED according to a second embodiment of this in-
vention;
FIGS. 12A and 12B are sectional views showing
manufacturing processes for the FED according to
the second embodiment;
FIG. 13 is a plan view typically showing a state in
which the power source is connected to electrodes
of an FED according to a third embodiment of this
invention in a manufacturing process for the FED;
FIGS. 14A and 14B are sectional views showing
manufacturing processes for the FED according to
the third embodiment;
FIG. 15 is a perspective view showing an outline of
an FED according to a fourth embodiment of this
invention;
FIG. 16 is a sectional view taken along line XVI-XVI
of FIG. 15;
FIG. 17 is a perspective view showing an electrode
of the FED;
FIGS. 18A and 18B are plan views showing a front
substrate and a rear substrate, respectively, used
in the manufacture of the FED;
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FIG. 19 is a sectional view showing a state in which
the rear substrate and the front substrate are op-
posed to each other with indium located thereon;
FIG. 20 is a sectional view showing a modification
of the electrode according to the fourth embodi-
ment;
FIG. 21 is a perspective view showing another mod-
ification of the electrode of the fourth embodiment;
FIG. 22 is a sectional view showing the another
modification of the fourth embodiment;
FIG. 23 is a perspective view showing an outline of
an FED according to a fifth embodiment of this in-
vention;
FIG. 24 is a sectional view taken along line XXIV-XX-
IV of FIG. 15;
FIG. 25 is a perspective view showing an electrode
of the FED according to the fifth embodiment;
FIG. 26 is a sectional view showing an electrode
according to a modification of the fifth embodiment;
FIG. 27 is a perspective view showing an electrode
according to another modification of the fifth em-
bodiment;
FIG. 28 is a sectional view showing the electrode
according to the another modification of the fifth em-
bodiment;
FIG. 29 is a perspective view showing an electrode
according to still another modification of the fifth em-
bodiment;
FIG. 30 is a perspective view showing an FED ac-
cording to a sixth embodiment of this invention;
FIG. 31A is a plan view showing a front substrate
used in the manufacture of the FED;
FIG. 31B is a plan view showing a rear substrate,
sidewall, and spacers used in the manufacture of
the FED;
FIG. 32 is a sectional view showing a sealing proc-
ess for the front substrate and the sidewall in a man-
ufacturing method according to the sixth embodi-
ment;
FIG. 33 is a plan view showing electrodes of a mod-
ification of the sixth embodiment;
FIGS. 34A and 34B are plan views individually
showing alternative modifications of the electrode
of the sixth embodiment;
FIG. 35 is a sectional view illustrating a manufac-
turing method for an FED according to a seventh
embodiment of this invention;
FIG. 36 is a sectional view showing a sealing proc-
ess using electrodes according to a modification of
the seventh embodiment;
FIG. 37 is a sectional view illustrating a manufac-
turing method for an FED according to an eighth
embodiment of this invention;
FIG. 38 is a sectional view showing a state in which
electrodes are inserted between substrates in the
eighth embodiment;
FIG. 39 is a sectional view showing a state in which
the two substrates are pressurized toward each oth-

er in the eighth embodiment;
FIG. 40 is a sectional view illustrating a manufac-
turing method for an FED according to a ninth em-
bodiment of this invention;
FIG. 41 is a sectional view showing a state in which
an electrode is in contact with a welded portion of
a sealing layer in the ninth embodiment;
FIG. 42 is a perspective view showing an outline of
an FED according to a tenth embodiment of this in-
vention;
FIG. 43 is a sectional view taken along line XLIII-XLI-
II of FIG. 42;
FIG. 44 is a perspective view showing an electrode
of the FED according to the tenth embodiment;
FIG. 45 is a perspective view showing a state in
which electrodes are attached to a rear substrate in
the tenth embodiment;
FIG. 46 is a sectional view showing a state in which
the rear substrate and a front substrate are opposed
to each other with sealing layers thereon in the tenth
embodiment;
FIG. 47 is a sectional view showing a state in which
the rear substrate and the front substrate are pres-
surized toward each other so that a contact portion
of the electrode is sandwiched between the sealing
layers in the tenth embodiment;
FIG. 48 is a perspective view showing an electrode
according to a modification of the tenth embodi-
ment;
FIG. 49 is a perspective view showing an electrode
according to another modification of the tenth em-
bodiment;
FIG. 50 is a perspective view showing an electrode
according to still another modification of the tenth
embodiment;
FIG. 51 is a sectional view showing the electrode
according to the another modification of the tenth
embodiment;
FIG. 52 is a sectional view showing a state in which
the rear substrate and the front substrate are op-
posed to each other with indium located thereon in
a modification of the tenth embodiment;
FIG. 53 is a sectional view showing a state in which
the rear substrate and the front substrate are op-
posed to each other with indium located thereon in
another modification of the tenth embodiment;
FIG. 54 is a sectional view showing an electrode
according to a modification of the tenth embodi-
ment;
FIG. 55 is a sectional view showing a process for
removing an electrode according to an eleventh
embodiment of this invention;
FIG. 56 is a sectional view showing a process for
removing the electrode in the eleventh embodi-
ment;
FIG. 57 is a perspective view showing an FED of
the eleventh embodiment with its electrode re-
moved;
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FIG. 58 is a sectional view showing the FED of the
eleventh embodiment with its electrode removed;
FIG. 59 is a sectional view showing a process for
removing an electrode of a modification of the elev-
enth embodiment;
FIG. 60 is a sectional view showing a process for
removing an electrode of another modification of
the eleventh embodiment;
FIGS. 61A to 61E are plan views individually show-
ing modifications of recesses in a sealing layer of
the FED of the eleventh embodiment;
FIG. 62 is a sectional view showing a process for
cutting an electrode according to a twelfth embodi-
ment of this invention;
FIG. 63 is a sectional view showing a process for
removing the cut electrode of the twelfth embodi-
ment;
FIG. 64 is a sectional view showing an FED accord-
ing to a thirteenth embodiment of this invention;
FIG. 65 is a perspective view showing a state in
which electrodes are attached to a rear substrate in
the tenth embodiment;
FIG. 66 is a sectional view showing a manufacturing
apparatus according to the thirteenth embodiment;
FIG. 67 is a perspective view schematically show-
ing the manufacturing apparatus; and
FIG. 68 is a sectional view showing a manufacturing
apparatus according to a modification of the thir-
teenth embodiment.

Best Mode for Carrying Out the Invention

[0017] An FED according to a first embodiment of this
invention and its manufacturing method will now be de-
scribed in detail with reference to the drawings.
[0018] As shown in FIGS. 1 to 4, the FED comprises
a front substrate 11 and a rear substrate 12, which are
formed of a rectangular glass sheet each. These sub-
strates are opposed to each other across a gap of about
1 to 2 mm. The front substrate 11 and the rear substrate
12 have their respective peripheral edge portions joined
together by a sidewall 18 in the form of a rectangular
frame, and constitute a flat, rectangular vacuum enve-
lope 10 that is kept in a vacuum inside.
[0019] A plurality of sheetlike support members 14 are
arranged in the vacuum envelope 10 in order to support
atmospheric load that acts on the front substrate 11 and
the rear substrate 12. These support members 14 indi-
vidually extend parallel to one side of the vacuum enve-
lope 10 and are arranged at given spaces along a direc-
tion perpendicular to the one side. The support mem-
bers 14 are not limited to the sheetlike shape, and co-
lumnar ones may be used instead.
[0020] A phosphor screen 16 that functions as an im-
age display surface is formed on the inner surface of the
front substrate 11. The phosphor screen 16 is formed
by arranging red, green, and blue phosphor layers R, G
and B and a light absorbing layer 20 situated between

these phosphor layers. The phosphor layers R, G and
B extend parallel to the one side of the vacuum envelope
10 and are arranged at given spaces along a direction
perpendicular to the one side. The light absorbing layer
20 is located around the phosphor layers R, G and B. A
metal back 17 of, e.g., aluminum and a getter film 13
are successively vapor-deposited on the phosphor
screen 16.
[0021] As shown in FIG. 3, a large number of electron
emitting elements 22 are arranged on the inner surface
of the rear substrate 12. They serve as electron emitting
sources that excite the phosphor layers of the phosphor
screen 16. These electron emitting elements 22 are ar-
ranged in a plurality of columns and a plurality of rows
corresponding to individual pixels. More specifically, an
electrically conductive cathode layer 24 is formed on the
inner surface of the rear substrate 12, and a silicon di-
oxide film 26 having a large number of cavities 25 are
formed on the electrically conductive cathode layer.
Gate electrodes 28 of molybdenum, niobium or the like
are formed on the silicon dioxide film 26. On the inner
surface of the rear substrate 12, the cone-shaped elec-
tron emitting elements 22 of molybdenum or the like are
provided in the cavities 25, individually.
[0022] In the FED constructed in this manner, video
signals are applied to the electron emitting elements 22
and the gate electrodes 28 that are formed in a simple
matrix. A gate voltage of +100V is applied to the electron
emitting elements 22 as a reference when in a highest-
luminance state. Further, +10 kV is applied to the phos-
phor screen 16. Thereupon, electron beams are emitted
from the electron emitting elements 22. The electron
beams emitted from the electron emitting elements 22
are modulated in size by the voltage of the gate elec-
trodes 28. These electron beams excite the phosphor
layers of the phosphor screen 16 to luminescence,
thereby displaying an image.
[0023] Since the high voltage is applied to the phos-
phor screen 16, high-strain glass is used as a sheet
glass for the front substrate 11, rear substrate 12, side-
wall 18, and support members 14. As described later,
the space between the rear substrate 12 and the side-
wall 18 is sealed with low-melting glass 19, such as frit-
ted glass. The space between the front substrate 11 and
the sidewall 18 is sealed with a sealing layer 21 that con-
tains indium (In) as an electrically conductive low-melt-
ing sealing material.
[0024] The FED is provided with a plurality of, e.g., a
pair of, electrodes 30, and these electrodes are attached
to the envelope 10 in a manner such that they conduct
electrically to the sealing layer 21. These electrodes 30
are used as electrode members for energizing the seal-
ing layer 21.
[0025] As shown in FIG. 5, each electrode 30 is
formed in the shape of a clip by working, for example, a
copper sheet of 0.2-mm thickness as an electrically con-
ductive member. More specifically, the electrode 30 is
bent to have a substantially U-shaped profile. It includes
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a flat first sheet portion 33a, a second sheet portion 33b
opposed to the first sheet portion across a gap, and a
conduction portion 38 that extends substantially at right
angles to the first and second sheet portions and con-
nects respective end edge portions of the first and sec-
ond sheet portions. The first sheet portion 33ba has first
and second contact portions 36a and 36b that individu-
ally conduct to the sealing layer 21. A slit 45 is formed
between the first and second contact portions 36a and
36b. The second contact portion 36b is in the form of a
claw and can be easily elastically deformed.
[0026] As shown in FIGS. 1 to 3, each electrode 30 is
attached to the vacuum envelope 10 in a manner such
that it elastically engages, for example, the rear sub-
strate 12 and the sidewall 18. Thus, the electrode 30 is
fixed to the vacuum envelope 10 with the end edge por-
tion of the rear substrate 12 and the sidewall 18 elasti-
cally held between the first sheet portion 33ba and the
second sheet portion 33b. The first and second contact
portions 36a and 36b of the first sheet portion 33a indi-
vidually touch and conduct electrically to the sealing lay-
er 21. Further, the conduction portion 38 of each elec-
trode 30 is opposed to a side face of the rear substrate
12 and the sidewall 18 and exposed to the outside of
the vacuum envelope 10. These paired electrodes 30
are provided individually at two diagonally spaced cor-
ner portions of the vacuum envelope 10 and located
symmetrically with respect to the sealing layer 21.
[0027] The following is a detailed description of the
manufacturing method for the FED having the configu-
ration described above.
[0028] First, the phosphor screen 16 is formed on the
sheet glass for the front substrate 11. In this case, a
sheet glass as large as the front substrate 11 is pre-
pared, and a phosphor stripe pattern is formed in ad-
vance on the sheet glass using a plotter machine. The
sheet glass having this phosphor stripe pattern thereon
and the sheet glass for the front substrate are placed on
a positioning jig and set on an exposure stage. By ex-
posing and developing the phosphor stripe pattern in
this state, the phosphor screen is formed on the glass
sheet for the front substrate 11. Thereafter, the metal
back 17 is formed overlapping the phosphor screen 16.
[0029] Subsequently, the electron emitting elements
22 are formed on the sheet glass for the rear substrate
12. In doing this, the electrically conductive cathode lay-
er 24 in the shape of a matrix is formed on the sheet
glass, and an insulating film of silicon dioxide is formed
on the cathode layer by, for example, the thermal oxida-
tion method, CVD method, or sputtering method. There-
after, a metal film of molybdenum or niobium for gate
electrode formation is formed on the insulating film by,
for example, the sputtering method or electron beam va-
por deposition method. Then, a resist pattern of a shape
corresponding to the gate electrodes to be formed is
formed on this metal film by lithography. The gate elec-
trodes 28 are formed by etching the metal film by the
wet etching method or dry etching method using the re-

sist pattern as a mask.
[0030] Thereafter, the cavities 25 are formed by etch-
ing the insulating film by the wet etching method or dry
etching method using the resist pattern and the gate
electrodes 28 as masks. After the resist pattern is re-
moved, electron beams for vapor deposition are applied
to the surface of the rear substrate 12 in a direction at
a given angle thereto, whereupon separation layers of,
e.g., aluminum or nickel are formed on the gate elec-
trodes 28. Thereafter, molybdenum as an example of a
material for cathode formation is vapor-deposited on the
surface of the rear substrate at right angles to it by the
electron beam vapor deposition method. Thereupon,
the electron emitting elements 22 are formed individu-
ally in the cavities 25. Then, the separation layer is re-
moved together with the metal film thereon by the lift-off
method. Subsequently, the sidewall 18 and the support
members 14 are sealed onto the inner surface of the
rear substrate 12 with the low-melting glass 19 in the
atmosphere.
[0031] Thereafter, a sealing layer 21a is formed by
spreading indium to a given width and thickness over
the entire periphery of a seal surface of the sidewall 18,
as shown in FIGS. 6A and 6B. Likewise, a sealing layer
21b is formed by spreading indium in the shape of a rec-
tangular frame with a given width and thickness over a
seal surface of the front substrate 11 that faces the side-
wall. As mentioned before, the sealing layers 21a and
21b are loaded onto the respective seal surfaces of the
sidewall 18 and the front substrate 11 by a method in
which melted indium is applied to the seal surfaces or a
method such that solid indium is placed on the seal sur-
faces.
[0032] Subsequently, the paired electrodes 30 are
mounted on the rear substrate 12 to which the sidewall
18 is joined, as shown in FIG. 7. As this is done, the first
contact portion 36a of each electrode 30 is brought into
contact with the sealing layer 21a on the sidewall 18,
whereby the electrode is connected electrically to the
sealing layer. In order to secure electrical conduction be-
tween the first contact portion 36a and the sealing layer,
it is effective to solder together the sealing layer 21a and
the first contact portion 36a in advance. The electrodes
30 are expected to be a pair of electrodes, positive and
negative, on the substrate, and lengths for conduction
from the individual electrodes to the sealing layers 21a
and 21b should preferably be made equal. To attain this,
the paired electrodes 30 are attached individually to the
two corner portions that face each other in the diagonal
direction of the rear substrate 12, and the respective
lengths of the sealing layers 21a and 21b that are situ-
ated between the electrodes are set to be substantially
equal on the opposite sides of each electrode.
[0033] After the electrodes 30 are mounted, the rear
substrate 12 and the front substrate 11 are opposed to
each other at a given space, and in this state, put into a
vacuum processor. In this case, a vacuum processor
100 shown in FIG. 9 is used, for example.
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The vacuum processor 100 comprises a loading cham-
ber 101, baking/electron beam cleaning chamber 102,
cooling chamber 103, vapor deposition chamber 104 for
getter film, assembly chamber 105, cooling chamber
106, and unloading chamber 107, which are arranged
side by side. The assembly chamber 105 is connected
with a DC power source 120 for energization and a com-
puter 122 for controlling the power source. Each cham-
ber of the vacuum processor 100 is constructed as
processing chamber capable of vacuum processing,
and all the chambers are evacuated during the manu-
facture of the FED. These processing chambers are
connected by gate valves (not shown) and the like.
[0034] The front substrate 11 and the rear substrate
12 that are spaced from each other are first put into the
loading chamber 101. After the loading chamber 101 is
evacuated, the substrates are fed into the baking/elec-
tron beam cleaning chamber 102.
[0035] In the baking/electron beam cleaning chamber
102, the individual members are heated to a tempera-
ture of 300°C, and a gas that is adsorbed on the respec-
tive surfaces of the substrates and the sidewall is dis-
charged. At the same time, electron beams emitted from
an electron beam generator (not shown) in the baking/
electron beam cleaning chamber 102 are applied to a
phosphor screen surface of the front substrate 11 and
electron emitting element surfaces of the rear substrate
12. In doing this, the electron beams are deflected for
scanning by a deflector that is attached to the outside
of the electron beam generator, whereby the phosphor
screen surface and the electron emitting element sur-
faces are individually entirely cleaned with the electron
beams.
[0036] Then, the front substrate 11 and the rear sub-
strate 12, thus subjected to the heating and electron
beam cleaning, are fed into the cooling chamber 103
and cooled to a temperature of about 120°C, and then
delivered to the vapor deposition chamber 104 for getter
film. In the vapor deposition chamber 104, a Ba film is
vapor-deposited as a getter film on the outside of the
phosphor layers. The surface of the Ba film is prevented
from being contaminated by oxygen, carbon, etc., so
that it can maintain its active state.
[0037] Subsequently, the front substrate 11 and the
rear substrate 12 are fed into the assembly chamber
105.
In this assembly chamber 105, as shown in FIG. 8, the
front substrate 11 and the rear substrate 12 are kept at
about 120°C as they are moved toward each other, and
the second contact portion 36b of each electrode 30 is
brought into contact with the sealing layer 21b on the
side of the front substrate 11. Thereupon, the electrodes
30 are connected electrically to the sealing layer 21b.
As this is done, the second contact portion 36b is elas-
tically pressed against the sealing layer 21b under a
spring pressure, so that stable electrical conductivity
can be ensured.
[0038] After the power source 120 is then connected

electrically to the pair of electrodes 30, as shown in FIG.
10, the sealing layer 21a on the side of the sidewall 18
and the sealing layer 21b on the side of the front sub-
strate 11 are individually energized to be heated, there-
by melting the indium. In doing this, connector terminals
40 that are connected to the power source 120 are
brought individually into contact with the conduction por-
tions 38 of the electrodes 30, whereby electrical con-
duction can be secured between the electrodes and be-
tween the electrodes and the sealing layers 21a and
21b.
[0039] After the indium is melted, the front substrate
11 and the rear substrate 12 are pressurized in a direc-
tion such that they approach each other. Thereupon, the
sealing layers 21a and 21b are fused together to form
the sealing layer 21, and the peripheral edge portion of
the front substrate 11 and the sidewall 18 are sealed
together with the resulting sealing layer. The vacuum
envelope 10, formed in the processes described above,
is cooled to normal temperature in the cooling chamber
106 and taken out of the unloading chamber 107. Thus,
the vacuum envelope of the FED is completed.
[0040] If necessary, the electrodes 30 may be cut off
after the vacuum envelope is completed.
[0041] According to the FED constructed in this man-
ner and its manufacturing method, the electrodes 30 for
the energization of the sealing layer 21 are previously
attached to the envelope and fixed so that they are con-
nected electrically to the sealing layer. During electrical
heating, therefore, steady current can be supplied
through the electrodes 30 to the sealing layer 21. During
sealing operation, therefore, the electrically conductive
low-melting sealing material that forms the sealing layer
can be melted stably and securely in a predetermined
energization time.
In consequence, quick and secure sealing can be car-
ried out without causing the sealing layer 21 to crack,
for example.
[0042] Since the front substrate and the rear substrate
are sealed and joined together in a vacuum atmosphere,
the surface-adsorbed gas can be satisfactorily dis-
charged by combining baking and electron beam clean-
ing, and a getter film with excellent adsorption capacity
can be obtained. Since the front substrate and the rear
substrate are sealed and joined together by electrically
heating the indium, moreover, they need not be entirely
heated, and deterioration of the getter film, cracking of
the substrates during the sealing process, or other fail-
ure can be avoided. At the same time, the sealing time
can be shortened.'
[0043] Thus, the FED can be obtained at low cost that
enjoys excellent productivity and ensures acquisition of
stable, satisfactory images.
[0044] The following is a description of an FED ac-
cording to a second embodiment of this invention. In the
foregoing embodiment, each electrode is constructed
having the first contact portion that conducts to the side-
wall-side sealing layer and the second contact portion
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that conducts to the front-substrate-side sealing layer.
According to the second embodiment, however, an elec-
trode 30 is formed having a single contact portion 36a,
as shown in FIGS. 11, 12A and 12B. A pair of electrodes
30 are attached individually to a pair of corner portions
of a rear substrate 12 that are opposed to each other in
the diagonal direction of the rear substrate. They are
mounted on an envelope in a manner such that they
elastically hold a sidewall 18 and the rear substrate 12
between them. In this case, each contact portion 36a is
in contact with the upper surface of a sealing layer 21a
and connected electrically to the sealing layer.
[0045] In the sealing process, a front substrate 11
having a sealing layer 21b thereon is opposed to the
rear substrate 12, whereby the first contact portion 36a
of each electrode 30 is brought into contact with and
connected electrically to both the sealing layers 21a and
21b. The sealing layers 21a and 21b can be simultane-
ously energized by the electrodes 30 to heat and melt
indium.
[0046] Other configurations of the second embodi-
ment are the same as those of the foregoing first em-
bodiment, so that like reference numerals are used to
designate like portions, and a detailed description of
those portions is omitted. Functions and effects similar
to those of the first embodiment can be also obtained
with the second embodiment. In the first and second em-
bodiments, moreover, each electrode 30 may be fixedly
mounted on the front substrate side.
[0047] According to a third embodiment shown in
FIGS. 13, 14A and 14B, an FED is provided with a pair
of electrodes 30a, which serve to energize a sealing lay-
er 21a formed on a sidewall 18, and a pair of electrodes
30b, which serve to energize a sealing layer 21b formed
on the front substrate 11. The first and second elec-
trodes 30a and 30b, which substantially resemble the
aforementioned electrodes 30, are formed in the shape
of a clip each. However, each electrode has one contact
portion 36.
[0048] The paired first electrodes 30a are attached in-
dividually to a pair of corner portions that face each other
in the diagonal direction of a rear substrate 12, and are
mounted in a manner such that they elastically hold the
sidewall 18 and the rear substrate 12 between them. In
this case, each first electrode 30a is connected electri-
cally to the sealing layer 21a with its contact portion 36
in contact with the sealing layer. The paired second elec-
trodes 30b are attached individually to a pair of corner
portions that face each other in the diagonal direction of
the front substrate 11, and are mounted in a manner
such that they elastically hold the front substrate. In this
case, each second electrode 30b is connected electri-
cally to the sealing layer 21b with its contact portion 36
in contact with the sealing layer. Preferably, the first
electrodes 30a and the second electrodes 30b should
be distributed individually in the four corner portions
without overlapping one another.
[0049] In the sealing process, as shown in FIGS. 13

and 14A, a pair of connector terminals 40a that are con-
nected to the power source 120 are brought individually
into contact with respective conduction portions 38 of
the first electrodes 30a, whereby electrical conduction
is made between the power source and the first elec-
trodes and between the first electrodes and the sealing
layer 21a. Further, a pair of connector terminals 40b that
are connected to the power source 120 are brought in-
dividually into contact with respective conduction por-
tions 38 of the second electrodes 30b, whereby electri-
cal conduction is made between the power source and
the second electrodes and between the second elec-
trodes and the sealing layer 21b. In this state, the seal-
ing layer 21a on the side of the sidewall 18 and the seal-
ing layer 21b on the side of the front substrate 11 are
individually energized to be heated, thereby melting in-
dium.
[0050] After the indium is melted, the front substrate
11 and the rear substrate 12 are pressurized in a direc-
tion such that they approach each other, as shown in
FIG. 14B. Thereupon, the sealing layers 21a and 21b
are fused together to form the sealing layer 21, and the
peripheral edge portion of the front substrate 11 and the
sidewall 18 are sealed together with the resulting seal-
ing layer.
[0051] Other configurations of the third embodiment
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 of those portions
is omitted. Functions and effects similar to those of the
first embodiment can be also obtained with the third em-
bodiment. According to the third embodiment, moreo-
ver, the values of currents supplied to the sealing layer
21a on the side of the rear substrate 12 and the sealing
layer 21b on the side of the front substrate 11 can be
controlled individually, so that more appropriate electri-
cal heating can be carried out.
[0052] The following is a description of an FED ac-
cording to a fourth embodiment of this invention.
[0053] As shown in FIGS. 15 to 17, the FED is provid-
ed with a vacuum envelope 10 and a plurality of, e.g., a
pair of, electrodes 30 attached to the vacuum envelope.
The vacuum envelope 10 comprises a front substrate
11 and a rear substrate 12, which are formed of a rec-
tangular glass sheet each. These substrates 11 and 12
have their respective peripheral edge portions joined to-
gether by a sidewall 18 in the form of a rectangular
frame. A phosphor screen 16, a metal back 17, and a
getter film 13 are formed on the inner surface of the front
substrate 11. A large number of electron emitting ele-
ments 22 that excite phosphor layers of the phosphor
screen 16 are arranged on the inner surface of the rear
substrate 12. Further, a large number of wires 23 that
supplies potential to the electron emitting elements 22
are arranged in a matrix on the inner surface of the rear
substrate 12, and their respective end portions are
drawn out to the peripheral edge portion of the vacuum
envelope 10.

13 14



EP 1 542 255 A1

10

5

10

15

20

25

30

35

40

45

50

55

[0054] The paired electrodes 30 are attached to the
envelope 10 in a manner such that they conduct elec-
trically to a sealing layer 21. These electrodes 30 are
used as electrodes for energizing the sealing layer 21.
Each electrode 30 is formed by bending, for example, a
copper sheet of 0.2-mm thickness as an electrically con-
ductive member. More specifically, the electrode 30 is
bent to have a substantially U-shaped profile. It integral-
ly comprises a clip-shaped attachment portion 32, a
wedge-shaped body portion 34 situated beside the at-
tachment portion, a contact portion 36 situated on an
extended end of the body portion, and a flat conduction
portion 38 formed of the respective back parts of the at-
tachment portion and the body portion. The attachment
portion 32 can be attached to the front substrate 11 or
the rear substrate 12 so as to nip the peripheral edge
portion of the substrate. The contact portion 36 is formed
having a horizontal extension length L of 2 mm or more.
Further, the body portion 34 is in the form of a belt, which
extends inclining outward and diagonally upward from
the contact portion 36. Thus, the body portion 34 forms
an outflow restraining portion 37 that is situated higher
than the contact portion 36 with respect to the vertical
direction.
[0055] Each electrode 30 is mounted in a manner
such that it elastically engages, for example, the rear
substrate 12 of the vacuum envelope 10. More specifi-
cally, the electrode 30 is attached to the vacuum enve-
lope 10 with the peripheral edge portion of the rear sub-
strate 12 elastically nipped by the attachment portion 32.
The contact portion 36 of each electrode 30 touches and
electrically conducts to the sealing layer 21. The body
portion 34 extends from the contact portion 36 to the
outside of the vacuum envelope 10, and the outflow re-
straining portion 37 is situated higher than the contact
portion 36 with respect to the vertical direction. The con-
duction portion 38 is opposed to a side face of the rear
substrate 12 and exposed on the outer surface of the
vacuum envelope 10. These paired electrodes 30 are
provided individually at two diagonally spaced corner
portions of the vacuum envelope 10 and located sym-
metrically with respect to the sealing layer 21.
[0056] Other configurations of the FED described
above are the same as those of the foregoing first em-
bodiment, so that like reference numerals are used to
designate like portions, and a detailed description of
those portions is omitted.
[0057] The following is a detailed description of a
method of manufacturing the above-described FED.
This manufacturing method is substantially the same as
the manufacturing method according to the first embod-
iment, so that the following description is focused on dif-
ferent portions.
[0058] First, the front substrate 11 having the phos-
phor screen and the metal back 17 formed thereon and
the rear substrate 12 having the electron emitting ele-
ments 22 thereon are prepared. Subsequently, the met-
al back 17 and support members 14 are sealed onto the

inner surface of the rear substrate 12 with low-melting
glass 19 in the atmosphere. Thereafter, a sealing layer
21a is formed by spreading indium to a given width and
thickness over the entire periphery of a seal surface of
the sidewall 18, as shown in FIGS. 18A and 18B.
A sealing layer 21b is formed by spreading indium in the
shape of a rectangular frame with a given width and
thickness over a seal surface of the front substrate 11
that faces the sidewall. As mentioned before, moreover,
the sealing layers 21a and 21b are loaded onto the re-
spective seal surfaces of the sidewall 18 and the front
substrate 11 by a method in which melted indium is ap-
plied to the seal surfaces or a method such that solid
indium is placed on the seal surfaces.
[0059] Subsequently, the paired electrodes 30 are
mounted on the rear substrate 12 to which the sidewall
18 is joined. As this is done, the contact portion 36 of
each electrode 30 is brought into contact with the seal-
ing layer 21a, whereby the electrode is connected elec-
trically to the sealing layer. The paired electrodes 30 are
attached individually to the two corner portions that face
each other in the diagonal direction of the rear substrate
12, and the respective lengths of the sealing layers 21a
and 21b that are situated between the electrodes are
set to be substantially equal on the opposite sides of
each electrode.
[0060] After the electrodes 30 are mounted, the rear
substrate 12 and the front substrate 11 are opposed to
each other at a given space, and in this state, put into
the vacuum processor shown in FIG. 9. The front sub-
strate 11 and the rear substrate 12 are fed into the bak-
ing/electron beam cleaning chamber 102 through the
loading chamber 101. In the baking/electron beam
cleaning chamber 102, the individual members are
heated to a temperature of 300°C, and the surface-ad-
sorbed gas is released from each substrate. At the same
time, electron beams emitted from the electron beam
generator are applied to a phosphor screen surface of
the front substrate 11 and electron emitting element sur-
faces of the rear substrate 12, whereby the phosphor
screen surface and the electron emitting element sur-
faces are individually entirely cleaned with the electron
beams.
[0061] The sealing layers 21a and 21b are heated to
be melted in a baking process. The sealing layer 21a on
the side of the rear substrate 12 is motivated to flow out
through the electrodes 30. Since each electrode 30 is
provided with the outflow restraining portion 37 that is
situated higher than the contact portion 36, however, the
outflow restraining portion can restrain melted indium
from flowing out of the rear substrate.
[0062] After the front substrate 11 and the rear sub-
strate 12 are then fed into the cooling chamber 103 and
cooled to a temperature of about 120°C, they are deliv-
ered to the vapor deposition chamber 104 for getter film,
whereupon a Ba film is formed on the outside of the
phosphor layers by vapor deposition. Subsequently, the
front substrate 11 and the rear substrate 12 are fed into
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the assembly chamber 105, whereupon they are held
opposite to each other by hotplates 131 and 132, re-
spectively, in the assembly chamber. The front substrate
11 is fixed to the upper hotplate 131 with a fixing jig 133
lest it fall.
[0063] Thereafter, the front substrate 11 and the rear
substrate 12 are kept at about 120°C as they are moved
toward each other and pressurized under a given pres-
sure. By doing this, the contact portion 36 of each elec-
trode 30 is sandwiched between the sealing layer 21b
on the side of the front substrate 11 and the sealing layer
21a on the side of the rear substrate 12 so that each
electrode 30 is connected electrically to the sealing lay-
ers 21a and 21b. In this case, the contact portion 36 is
formed having a horizontal length of 2 mm or more, so
that it can be brought stably into contact with the sealing
layers 21a and 21b. If indium is previously spread over
the contact portion 36 of the electrode 30, the sealing
material can be energized more stably.
[0064] After the power source 120 is connected elec-
trically to the pair of electrodes 30 in this state, a DC
current of, e.g., 140 A is applied to the sealing layer 21a
on the side of the sidewall 18 and the sealing layer 21b
on the side of the front substrate 11 in a constant-current
mode. By doing this, the sealing layers 21a and 21b are
heated so that the indium melts. As this is done, electri-
cal conduction between the power source 120 and the
electrodes 30 and between the electrodes and the seal-
ing layers 21a and 21b can be secured by bringing con-
nector terminals connected to the power source into
contact with the conduction portions 38 of the elec-
trodes. Since each electrode 30 is equivalently in con-
tact with the sealing layers 21a and 21b, moreover, sta-
ble electrical conduction can be ensured, so that the in-
dividual sealing layers can be supplied with currents of
substantially equal magnitudes and equally melted.
[0065] By melting the indium in this manner, the seal-
ing layers 21a and 21b are fused together to form the
sealing layer 21, and the peripheral edge portion of the
front substrate 11 and the sidewall 18 are sealed togeth-
er with the resulting sealing layer. The vacuum envelope
10, formed in the processes described above, is cooled
to normal temperature in the cooling chamber 106 and
taken out of the unloading chamber 107.
Thus, the vacuum envelope 10 of the FED is completed.
If necessary, the electrodes 30 may be cut off after the
vacuum envelope 10 is completed.
[0066] According to the FED constructed in this man-
ner and its manufacturing method, functions and effects
similar to those of the first embodiment can be obtained.
According to the fourth embodiment, moreover, the
electrodes 30 for energizing the sealing material each
have the outflow restraining portion that is situated high-
er than the contact portion, which restrains the melted
sealing material from flowing out through each electrode
in the baking process or the like. Accordingly, the thick-
ness of the sealing layer can be kept uniform, so that
the envelope can be securely sealed throughout its cir-

cumference, and shorting of the wires or the like that is
attributable to the outflow of the sealing material can be
prevented. Thus, an FED can be obtained at low cost
that ensures outstanding mass-productivity and, at the
same time, formation of stable satisfactory images.
[0067] In the fourth embodiment described above,
substantially the whole of the body portion 34 of each
electrode 30 is formed having the outflow restraining
portion 37 that extends diagonally upward from the con-
tact portion 36. Alternatively, however, the outflow re-
straining portion 37 may be formed of a part of the body
portion 34 that extends to a position higher than the con-
tact portion 36 with respect to the vertical direction, as
shown in FIG. 20, for example. Although each electrode
30 is provided integrally with the attachment portion,
moreover, the electrode 30 may alternatively be provid-
ed with the contact portion 36, the body portion 34, the
outflow restraining portion 37, and a base portion 39, as
shown in FIGS. 21 and 22. In this case, the electrode
30 is attached to the rear substrate 12 with a separate
clip 46.
[0068] Other configurations of the modifications
shown in FIGS. 20 to 22 are the same as those of the
foregoing fourth embodiment, so that like reference nu-
merals are used to designate like portions, and a de-
tailed description of those portions is omitted. Functions
and effects similar to those of the foregoing embodiment
can be also obtained with use of the electrodes accord-
ing to these modifications.
[0069] The following is a description of an FED ac-
cording to a fifth embodiment of this invention.
[0070] As shown in FIGS. 23 to 25, the FED is provid-
ed with a vacuum envelope 10 and a plurality of, e.g., a
pair of, electrodes 30 attached to the vacuum envelope.
The paired electrodes 30 are attached to the envelope
10 in a manner such that they conduct electrically to a
sealing layer 21. Each electrode 30 is formed by bend-
ing, for example, a copper sheet of 0.2-mm thickness
as an electrically conductive member.
More specifically, the electrode 30 is bent to have a sub-
stantially U-shaped profile. It integrally comprises a clip-
shaped attachment portion 32, a wedge-shaped body
portion 34 situated beside the attachment portion, a con-
tact portion 36 situated on an extended end of the body
portion, a drain portion 35 extending from the contact
portion to the body portion side and situated beside the
body portion, and a flat conduction portion 38 formed of
the respective back parts of the attachment portion and
the body portion. The attachment portion 32 can be at-
tached to a front substrate 11 or a rear substrate 12 so
as to nip the peripheral edge portion of the substrate.
[0071] The contact portion 36 is formed having a hor-
izontal extension length L of 2 mm or more.
The body portion 34 is in the form of a belt, which ob-
liquely extends outward and diagonally upward from the
contact portion 36. Thus, the body portion 34 forms an
outflow restraining portion 37 that is situated higher than
the contact portion 36 with respect to the vertical direc-
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tion. The body portion 34 forms a passage through
which current is caused to flow from the conduction por-
tion 38 to the contact portion 36.
[0072] The drain portion 35 is in the form of a belt,
which obliquely extends outward and diagonally down-
ward from the contact portion 36. Thus, the drain portion
35 is formed in a position lower than the contact portion
36 with respect to the vertical direction.
The width of the drain portion 35, which is narrower than
the width of the body portion 34, is set to about 1 mm,
for example. As mentioned later, the drain portion 35 de-
fines a passage through which a melted sealing material
is allowed to flow out.
[0073] Each electrode 30 is mounted in a manner
such that it elastically engages, for example, the rear
substrate 12 of the vacuum envelope 10. More specifi-
cally, the electrode 30 is attached to the vacuum enve-
lope 10 with the peripheral edge portion of the rear sub-
strate 12 elastically nipped by the attachment portion 32.
The contact portion 36 of each electrode 30 touches and
electrically conducts to the sealing layer 21. The body
portion 34 extends from the contact portion 36 to the
outside of the vacuum envelope 10, and the outflow re-
straining portion 37 is situated higher than the contact
portion 36 with respect to the vertical direction. The drain
portion 35 extends to the outside of the vacuum enve-
lope 10 and is situated in a position lower than the con-
tact portion 36 with respect to the vertical direction. The
conduction portion 38 is opposed to a side face of the
rear substrate 12 and exposed on the outer surface of
the vacuum envelope 10. These paired electrodes 30
are provided individually at two diagonally spaced cor-
ner portions of the vacuum envelope 10 and located
symmetrically with respect to the sealing layer 21.
[0074] Other configurations of the FED described
above are the same as those of the foregoing fourth em-
bodiment, so that like reference numerals are used to
designate like portions, and a detailed description of
those portions is omitted. Further, the FED according to
the fifth embodiment is manufactured by the same man-
ufacturing method as the manufacturing method ac-
cording to the fourth embodiment.
[0075] According to the fifth embodiment, sealing lay-
ers 21a and 21b are heated to be melted in a baking
process. The sealing layer 21a on the side of the rear
substrate 12 is motivated to flow out through the elec-
trodes 30. Since each electrode 30 is provided with the
outflow restraining portion 37 that is situated higher than
the contact portion 36, however, the outflow restraining
portion can restrain melted indium from flowing out of
the rear substrate. Further, some of the melted indium
flows out of the rear substrate 12 via the drain portion
35 of each electrode 30. Since the width of the drain
portion is narrower than the width of the body portion
34, however, the outflow rate is low. For example, the
outflow rate of melted indium can be restricted to about
1/10 of that for an electrode that has neither the outflow
restraining portion 37 nor the drain portion. There is no

possibility of the outflow rate of this level arousing a
problem that the sealing layers are relatively thin and
easily allow leakage through sealed portions or a prob-
lem that the outflow of indium touches wires on the sub-
strates and causes short-circuiting.
[0076] In the sealing process, moreover, the sealing
layers 21a and 21b are fused together to form the seal-
ing layer 21, and the peripheral edge portion of the front
substrate 11 and the sidewall 18 are sealed together
with the resulting sealing layer. Since the front substrate
11 and the rear substrate 12 are pressurized in a direc-
tion such that they approach each other, in this case,
the melted indium is flattened so that surplus indium is
produced. The surplus indium is motivated to flow out
to the substrate side. Since each electrode 30 is provid-
ed with the drain portion 35 that is situated lower than
the contact portion 36, however, the melted surplus in-
dium positively flows out via the drain portion 35 to the
outside of the substrates. More specifically, the drain
portion 35 of the electrode 30 is narrower than the body
portion 34. Since the indium is pressurized, however,
the surplus indium is carried away along the drain por-
tions 35 of all the electrodes toward the peripheral edges
of the substrates. Each electrode 30 is attached to a cor-
ner portion of the rear substrate 12, and the drain portion
35 extends in a position off wires 23. Therefore, the in-
dium having flowed out along the drain portion 35 never
touches the wires 23, so that shorting of the wires or the
like by the runoff indium can be prevented. If the indium
is previously spread over the drain portions 35 of the
electrodes 30 and regions near them, the sealing mate-
rial can be allowed to flow out more stably.
[0077] Furthermore, functions and effects similar to
those of the foregoing first embodiment can be obtained
according to the FED of the fifth embodiment and its
manufacturing method.
[0078] In the fifth embodiment, substantially the whole
of the body portion 34 of each electrode 30 is formed
having the outflow restraining portion 37 that extends
diagonally upward from the contact portion. Alternative-
ly, however, the outflow restraining portion 37 may be
formed of a part of the body portion 34 that extends to
a position higher than the contact portion 36 with respect
to the vertical direction, as shown in FIG. 26, for exam-
ple.
[0079] Although each electrode 30 is provided inte-
grally with the attachment portion according to the fifth
embodiment, moreover, it may alternatively be provided
with the contact portion 36, the body portion 34, the out-
flow restraining portion 37, the drain portion 35, and a
base portion 39, as shown in FIGS. 27 and 28.
In this case, the electrode 30 is attached to the rear sub-
strate 12 with a separate clip 46 that has the conduction
portion 38.
[0080] The drain portion 35 of the electrode 30 need
not always be provided beside the body portion 34, and
may alternatively be provided in the central part of the
body portion 34, as shown in FIG. 27. In this case, the
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drain portion 35 is formed by cutting and raising a part
of the body portion 34, and the body portion is formed
having an aperture 42 that allows the sealing material
to flow out from the contact portion 36 to the drain portion
35.
[0081] As shown in FIG. 29, the drain portion 35 of the
electrode 30 is not limited to one in number, and a pair
of drain portions may be provided on either side of the
body portion 34. In this case, each drain portion 35 is
constructed in the same manner as that of the foregoing
embodiment.
[0082] Other configurations of the modifications
shown in FIGS. 26 to 29 are the same as those of the
foregoing fifth embodiment, so that like reference nu-
merals are used to designate like portions, and a de-
tailed description of those portions is omitted. Functions
and effects similar to those of the foregoing embodiment
can be also obtained with use of the electrodes accord-
ing to these modifications. Further, the foregoing em-
bodiment and the modifications shown in FIGS. 26 to
29 may be combined with one another.
[0083] The following is a description of an FED ac-
cording to a sixth embodiment of this invention and its
manufacturing method. As shown in FIG. 30, the FED
is provided with a flat, rectangular vacuum envelope 10
and a plurality of, e.g., a pair of, electrodes 30 attached
to the vacuum envelope. The configuration of the FED
of the sixth embodiment, exclusive of the electrodes 30,
is the same as those of the foregoing embodiments, so
that the following description is focused on different con-
figurations. At the same time, the configuration of the
FED will be described along with the manufacturing
method.
[0084] As shown in FIGS. 13A and 13B, a front sub-
strate 11 having a phosphor screen 16 and a metal back
17 formed thereon and a rear substrate 12 having elec-
tron emitting elements thereon are prepared. Subse-
quently, a sidewall 18 and support members 14 are
sealed onto the inner surface of the rear substrate 12
with low-melting glass in the atmosphere. Thereafter, a
sealing layer 21a in the shape of a rectangular frame is
formed by spreading indium to a given width and thick-
ness over the entire periphery of a seal surface of the
sidewall 18. A sealing layer 21b in the shape of a rec-
tangular frame corresponding to the sealing layer 21a
on the side of the front substrate 11 is formed by spread-
ing indium in the shape of a rectangular frame with a
given width and thickness over a seal surface of the front
substrate 11 that faces the sidewall. As mentioned be-
fore, moreover, the sealing layers 21a and 21b are load-
ed onto the respective seal surfaces of the sidewall 18
and the front substrate 11 by a method in which melted
indium is applied to the seal surfaces or a method such
that solid indium is placed on the seal surfaces.
[0085] Subsequently, the front substrate 11 and the
rear substrate 12 are fed into the vacuum processor
shown in FIG. 9, for example, and sealed together in a
vacuum atmosphere. In this case, the front substrate 11

and the rear substrate 12 are heated and thoroughly de-
gassed. The heating temperature is fitly set to about
200°C to 500°C. The degassing process reduces a gas
that is released from the inner walls of the component
members of the envelope, thereby preventing the de-
gree of vacuum of the vacuum envelope from lowering.
Then, a getter film is formed on the phosphor screen 16
of the front substrate 11. This is done in order to adsorb
and discharge a residual gas after the vacuum envelope
is formed, thereby keeping the degree of vacuum in the
vacuum envelope at a satisfactory level.
[0086] Subsequently, the front substrate 11 and the
rear substrate 12 are overlapped on each other in a pre-
determined position such that the phosphor screen 16
and the phosphor screen 16 face the electron emitting
elements. In this state, the sealing layers 21a and 21b
are energized, whereupon their sealing material is heat-
ed to be melted. Thereafter, the energization is stopped,
and heat from the sealing layers 21a and 21b is quickly
diffusively transferred to the front substrate 11 and the
sidewall 18, whereupon the sealing layers 21a and 21b
are solidified. In consequence, the front substrate 11
and the sidewall 18 are sealed together with the sealing
layers 21a and 21b.
[0087] The following is a further detailed description
of the sealing process described above.
[0088] In a state before sealing, as shown in FIGS. 31
and 32, the temperature of the front substrate 11 and
the rear substrate 12 is set to be lower than the melting
point of the sealing layers 21a and 21b, so that the seal-
ing layers 21a and 21b are solid. In this state, the front
substrate 11 and the rear substrate 12 are overlapped
in a predetermined position, and the sealing layers 21a
and 21b are overlapped on each other. Further, a given
load is applied to the front substrate 11 and the rear sub-
strate 12 by pressurizers 23a and 23b in a direction such
that they approach each other. An image display region
is held in a predetermined gap by the support members
14.
[0089] As this is done, the sheetlike electrodes 30 are
sandwiched individually between the sealing layers 21a
and 21b at two diagonally spaced corner portions of the
sidewall 18. As shown in FIG. 31B, each electrode 30
has two contact portions 36a and 36b that are in elec-
trical contact with the sealing layers, individually, and is
substantially Y-shaped. The contact portions 36a and
36b of each electrode 30 touch the sealing layers 21a
and 21b on either side of the corner portions of the seal-
ing layers. Defined between the two contact portions
36a and 36b is a gap 30c that allows the melted sealing
material to flow out. The electrodes 30 may be sand-
wiched by a method in which they are fixed with a clip
or the like of the same material as the electrodes. The
electrodes 30 are formed of a simple element or an alloy
that contains Cu, Al, Fe, Ni, Co, Be and/or Cr.
[0090] Subsequently, feed terminals 24a and 24b are
brought into contact with the electrodes 30, individually.
These feed terminals 24a and 24b are connected to the
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power source 120. If a given current is supplied to the
sealing layers 21a and 21b through the feed terminals
24a and 24b and the electrodes 30 in this state, only the
sealing layers 21a and 21b generate heat and melt. As
this is done, the melted surplus sealing material flows
out of the sidewall 18 through the corner portions of the
sidewall via the gap 30c that is surrounded by the seal-
ing layers and the two contact portions 36a and 36b of
each electrode 30.
[0091] If the feed terminals 24a and 24b are removed
with the current supply stopped, thereafter, heat from
the sealing layers 21a and 21b that have a small heat
capacity is radiated to the front substrate 11 and the
sidewall 18, owing to a temperature gradient. The seal-
ing layers 21a and 21b reach thermal equilibrium with
the front substrate 11 and the sidewall 18 that have a
large heat capacity, and are quickly cooled to be solidi-
fied. Thus, the front substrate 11 and the sidewall 18 are
sealed together with the sealing layers 21a and 21b,
whereupon the FED can be obtained having the vacuum
envelope 10 in which a high vacuum is maintained. After
the sealing, the electrodes 30 are fixed to the vacuum
envelope 10 in a manner such that they are sealed to-
gether with the sealing layers 21a and 21b.
[0092] According to the FED of the sixth embodiment
constructed in this manner and its manufacturing meth-
od, the vacuum envelope can be vacuum-sealed in a
very short time by a simple manufacturing apparatus.
More specifically, with use of the electrically conductive
sealing material, only the sealing material, which has a
small heat capacity or a small volume, can be selectively
heated without heating the substrates. Thus, lowering
of the positional accuracy or the like that is attributable
to thermal expansion of the substrates can be restrained
from being lowered
[0093] Since the heat capacity of the sealing layers is
much smaller than the heat capacity of the substrates,
the heating and cooling times can be made much short-
er than in the case of the conventional method in which
the substrates are heated entirely, so that the mass-pro-
ductivity can be improved considerably. Further, neces-
sary equipment for sealing includes only the mere feed
terminals and a mechanism for their contact. Thus, a
clean apparatus can be realized that is very simple and
suited for ultrahigh vacuum use.
[0094] Each electrode 30 for energizing the sealing
layers 21a and 21b has a plurality of contact portions
36a and 36b, and the gap 30c is defined between these
contact portions. During the sealing operation, there-
fore, the melted surplus sealing material can be allowed
positively to flow out through the gap 30c that is defined
between the contact portions 36a and 36b. Thus, with
the contact portions of the electrodes 30 arranged in
proper positions, the sealing material can be prevented
from overhanging wires of the substrates or the like, so
that sealing can be carried out quickly and steadily with-
out causing any short circuit or the like between the
wires.

[0095] Each electrode 30 is expected only to have a
gap between the contact portions through which the
sealing material passes, and its shape is not limited to
the aforesaid shape of a Y. For example, it may be sub-
stantially U-shaped, as shown in FIG. 33. Each elec-
trode 30 may have three or more contact portions that
are in contact with the sealing material. As shown in FIG.
34A, for example, the electrode 30 may be shaped like
a broom having four contact portions 36a, 36b, 32a and
32b. In this case, gaps 30c through which the sealing
material is passed are formed individually between the
adjacent contact portions.
[0096] Further, the contact portions of each electrode
30 need not always be located on either side of a corner
portion of the vacuum envelope, and may alternatively
be located on one side of a corner portion of the enve-
lope as they are in contact with the sealing layers 21a
and 21b. Since the electrode 30 is slightly deviated from
the corner portion, the sealing material sometimes may
flow out through a corner portion 30d of the envelope.
Other configurations of the modifications shown individ-
ually in FIGS. 33, 34a and 34B are the same as those
of the foregoing embodiment, so that like reference nu-
merals are used to designate like portions, and a de-
tailed description of those portions is omitted. Functions
and effects similar to those of the sixth embodiment can
be also obtained with these modifications.
[0097] In the foregoing sixth embodiment, the contact
portions 36a and 36b are configured directly to touch
the sealing layers 21a and 21b. According to a manu-
facturing method of a seventh embodiment shown in
FIG. 35, however, each electrode 30 may be previously
covered by an electrically conductive material layer 31.
In this case, the electrode is brought into contact with
sealing layers through the electrically conductive mate-
rial layer 31.
[0098] More specifically, a pair of sheetlike electrodes
30 are sandwiched individually between a sealing layer
21a and a sealing layer 21b in the sealing process.
Those surfaces of each electrode 30 which individually
touch the sealing layers 21a and 21b are previously cov-
ered by the electrically conductive material layer 31. In
this case, the opposite surfaces of each electrode 30
are coated with In, which is the same electrically con-
ductive material for the sealing layers 21a and 21b, or
an alloy that contains In, for example. The electrically
conductive material layer 31 is formed by spreading an
electrically conductive material over the electrode sur-
faces with a soldering iron that is subjected to ultrasonic
wave application, for example. Thus, each electrode 30
is in contact with the sealing layers 21a and 21b with the
electrically conductive material layer 31 therebetween.
The electrodes 30 are formed of a simple element or an
alloy that contains Cu, Al, Fe, Ni, Co, Be and/or Cr.
[0099] Subsequently, feed terminals 24a and 24b are
brought into contact with the electrodes 30, individually.
These feed terminals 24a and 24b are connected to the
power source 120. If a given current is supplied to the
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sealing layers 21a and 21b through the feed terminals
24a and 24b and the electrodes 30 in this state, only the
sealing material generates heat and melts. If the feed
terminals 24a and 24b are removed with the current sup-
ply stopped, thereafter, heat from the sealing layers 21a
and 21b that have a small heat capacity is radiated to
the front substrate 11 and the sidewall 18, owing to a
temperature gradient. Thereupon, the sealing layers
21a and 21b reach thermal equilibrium with the front
substrate 11 and the sidewall 18 that have a large heat
capacity, and are quickly cooled to be solidified. Thus,
the front substrate 11 and the sidewall 18 are sealed
together with the sealing layers 21a and 21b, whereup-
on an FED can be obtained having a vacuum envelope
10 in which a high vacuum is maintained. After the seal-
ing, the electrodes 30 are fixed to the vacuum envelope
10 in a manner such that they are sealed together with
the sealing layers 21a and 21b.
[0100] Other configurations of the seventh embodi-
ment are the same as those of the foregoing sixth em-
bodiment, so that like reference numerals are used to
designate like portions, and a detailed description of
those portions is omitted. Functions and effects similar
to those of the sixth embodiment can be also obtained
with the seventh embodiment. Those surfaces of each
electrode 30 for the energization of the sealing layers
21a and 21b which individually touch the sealing layers
are covered by the electrically conductive material layer
31. When the sealing layers 21a and 21b are energized
and melted, therefore, wettability between the elec-
trodes 30 and the sealing material is improved, so that
the contact resistance between the sealing material and
the electrodes can be prevented from increasing. Thus,
extraordinary heat generation at the contact portions
can be prevented, so that the possibility of disconnec-
tion of the sealing layers 21a and 21b can be eliminated.
In consequence, the FED can be manufactured with
high yield in a short time.
[0101] As the surfaces of each electrode 30 are cov-
ered by the electrically conductive material layer 31,
moreover, the melted sealing material that overruns dur-
ing the sealing operation can be positively discharged
from the electrode to the outside of the envelope.
[0102] Although the electrodes 30 are sandwiched
between the sealing layers 21a and 21b according to
the foregoing seventh embodiment, the electrodes may
alternatively be brought into contact with only one of the
sealing members when they are energized.
More specifically, the front substrate 11 and the rear
substrate 12 are overlapped in a predetermined posi-
tion, and the sealing layers 21a and 21b are overlapped
to be in contact with each other, as shown in FIG. 36. A
given sealing load is applied to the front substrate 11
and the rear substrate 12 by pressurizers 23a and 23b
in a direction such that they approach each other. The
electrodes 30 are individually located in contact with the
sealing member 21b.
[0103] The method for holding the electrodes may be

a method in which the electrodes are fixed with a clip or
the like of the same material as the sealing layers so
that they are previously in contact with the sealing layers
21a and 21b of the front substrate 11 or a method in
which the electrodes are fixedly held on the feed termi-
nals 24a and 24b with a clip or the like and the electrodes
are sandwiched between the front substrate 11 and the
rear substrate 12 when the substrates are overlapped
in the predetermined position.
[0104] In this case, that surface of each electrode 30
which touches the sealing layer 21b is previously cov-
ered by the electrically conductive material layer 31. The
electrically conductive material layer 31 is formed by
spreading an electrically conductive material over the
electrode surfaces with a soldering iron that is subjected
to ultrasonic wave application, for example. In order to
cause the surplus sealing material positively to overrun
the electrode 30 during the sealing operation, the elec-
trically conductive material layer may be also formed on
those surfaces of the electrode which are not in contact
with the sealing material of the electrode 30.
[0105] Other configurations are the same as those of
the foregoing seventh embodiment, so that like refer-
ence numerals are used to designate like portions, and
a detailed description of those portions is omitted. Func-
tions and effects similar to those of the seventh embod-
iment can be also obtained with the arrangement de-
scribed above.
[0106] The current that is supplied to the sealing ma-
terial is not limited to a DC current, and may alternatively
be an AC current that varies at commercial frequency.
In this case, the trouble of purposely converting com-
mercial current that is transmitted in AC mode into DC
current can be saved, and the apparatus can be simpli-
fied. Further, ac current that varies at high frequency on
the kHz level may be used instead. In this case, the skin
effect makes the Joule heat increase in proportion to the
increase of effective resistance relative to high frequen-
cy, so that the same heating effect as aforesaid can be
obtained with use of a smaller current value.
[0107] According to the embodiment described
above, moreover, the time for energization with electric
power is adjusted to about 5 to 300 seconds. If the en-
ergization time is long (or if the power is low), a rise in
temperature around the substrates causes troubles,
such as lowering of cooling speed and thermal expan-
sion. If the energization time is short (or if the power is
high), the electrically conductive sealing material suffers
disconnection attributable to uneven filling or is cracked
by glass thermal stress. Preferably, therefore, the power
and time (including change of power with time) for en-
ergization should be set to optimum conditions for each
object to be energized.
[0108] According to the embodiment described
above, moreover, the temperature difference between
the substrate temperature during the sealing operation
and the melting point of the sealing material is adjusted
to about 20°C to 150°C. If the temperature difference is
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large, the glass thermal stress increases, although the
cooling time can be shortened. Preferably, therefore, the
temperature difference should be also set to an optimum
condition for each object to be energized.
[0109] The following is a description of a method of
manufacturing an FED according to an eighth embodi-
ment of this invention. The configuration of the FED and
the manufacturing method of the eighth embodiment,
exclusive of the sealing process, are the same as those
of the foregoing sixth embodiment, so that the following
description is focused on different portions.
[0110] In the sealing process, as shown in FIG. 37, a
front substrate 11 and a rear substrate 12 that are fed
into the assembly chamber of the vacuum processor are
kept opposite to each other as they are held on the hot-
plates 131 and 132, respectively, with their respective
outer surfaces intimately in contact therewith. More spe-
cifically, the rear substrate 12 is placed on the hotplate
132, while the front substrate 11 is fixed to the upper
hotplate 131 with the fixing jig 133 lest it fall.
[0111] Subsequently, as shown in FIGS. 38 and 39, a
pair of flat electrodes 30 of, e.g., copper with a thickness
of about 0.2 mm each are prepared, and these elec-
trodes 30 are inserted between the front substrate 11
and the rear substrate 12. In doing this, the paired elec-
trodes 30 are located in opposite positions and inserted
so that the respective distal ends of the electrodes are
situated between a sealing layer 21b on the side of the
front substrate 11 and a sealing layer 21a on the side of
the rear substrate 12. For example, the paired elec-
trodes 30 are located corresponding individually to two
diagonally opposite corner portions, two short sides, or
two long sides of each substrate.
[0112] Then, the upper hotplate 131 and the front sub-
strate 11 are lowered so that substantially the whole of
the sealing layer 21b on the front substrate 11 is brought
into contact with the sealing layer 21a on a sidewall 18
on the rear substrate side. At the same time, the front
substrate 11 and/or the rear substrate 12 or both the
substrates for this case are pressurized under a given
pressure in a direction such that they approach each
other. In doing this, each electrode 30 is sandwiched be-
tween the upper and lower sealing layers 21a and 21b.
Thereupon, each electrode 30 comes into electrical con-
tact with upper and lower indiums 21 at one time.
[0113] In this state, a dc current of 140 A is supplied
from the power source to the two sealing layers 21a and
21b through the paired electrodes 30 in a constant-cur-
rent mode. As this is done, the indium that forms the
sealing layers is heated to be melted, whereupon the
front substrate 11 and the sidewall 18 are airtightly
joined together with the sealing layers 21a and 21b.
[0114] When the current supply is stopped, thereafter,
the melted indium solidifies, whereupon the envelope
10 is formed. The envelope formed in this manner is
cooled to normal temperature in the cooling chamber
106 and taken out of the unloading chamber 107. In this
process, the vacuum envelope is completed.

[0115] According to the eighth embodiment, as in the
foregoing embodiments, the front substrate 11 and the
rear substrate 12 are sealed and joined together in a
vacuum atmosphere. Therefore, the surface-adsorbed
gas can be satisfactorily discharged by combining bak-
ing and electron beam cleaning, and a getter film with
excellent adsorption capacity can be obtained. Since
the front substrate and the rear substrate are sealed and
joined together by electrically heating the indium, more-
over, they need not be entirely heated, and deterioration
of the getter film, cracking of the substrates during the
sealing process, or other failure can be avoided. At the
same time, the sealing time can be shortened, so that
the manufacturing method can enjoy outstanding mass-
productivity.
[0116] Further, at least one of the opposed front and
rear substrates 11 and 12 is pressurized in a direction
such that the front substrate and the rear substrate ap-
proach each other, and the sealing layers 21a and 21b
are energized and heat-melted with at least parts of
them sandwiched between the respective peripheral
portions of the front substrate and the rear substrate.
Thus, the melted sealing layers are sandwiched be-
tween the front substrate 11 and the sidewall 18. If the
melted indium is urged to become locally rugged owing
to variation in the cross-sectional areas of the sealing
layers 21a and 21b along the peripheries of the sub-
strates and the gravity, therefore, the melted indium that
is motivated to cohere excessively is pushed back to
coarse portions, since a space between the front sub-
strate 11 and the sidewall 18 is restricted. In conse-
quence, the sealing layers can be prevented from be-
coming rugged. Therefore, the cross-sectional areas of
the melted sealing layers are uniform throughout the pe-
ripheries of the front substrate 11 and sidewall 18, so
that the sealing layers can be heated uniformly through-
out their peripheries as they are joined together. Accord-
ingly, disconnection of the sealing layers by local heat-
ing, cracking of the substrates, etc., can be prevented
to ensure stable joining. Thus, an FED can be provided
that can be manufactured at low cost and ensure high
reliability and formation of satisfactory images.
[0117] According to the manufacturing method de-
scribed above, current can be supplied with each elec-
trode 30 in electrical contact with both the sealing layer
21b on the side of the front substrate 11 and the sealing
layer 21a on the side of the rear substrate 12 at one
time, that is, equivalently in contact with both the sealing
layers. Thus, the individual sealing layers can be sup-
plied with currents of substantially equal magnitudes. In
consequence, the sealing layers on the front substrate
11 and the rear substrate 12 can be equally heat-melted
and joined together with stability.
[0118] The following is a description of a method of
manufacturing an FED according to a ninth embodiment
of this invention.
[0119] In the foregoing eighth embodiment, the elec-
trodes 30 are sandwiched between the upper and lower
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sealing layers 21a and 21b and brought into electrical
contact with both the sealing layers at one time. Accord-
ing to the ninth embodiment, sealing layers 21a and 21b
are partially welded in advance at portions for contact
with electrodes 30, and the electrodes 30 are in contact
with the welded portions.
[0120] More specifically, a front substrate 11 and a
rear substrate 12 that are delivered to the assembly
chamber 105 of the vacuum processor are held by a plu-
rality of support pins 128, as shown in FIG. 40, and pres-
surized toward each other. Thereupon, the sealing layer
21b on the front substrate 11 and the sealing layer 21a
on a sidewall 18 come into contact with each other.
At the portions for contact with the electrodes 30, the
sealing layer 21b on the front substrate 11 has an ex-
tended portion 21c that extends outward beyond other
portions, for example. The extended portion 21c is lo-
cated near each of two opposite corner portions of the
front substrate 11, for example.
[0121] Subsequently, an induction heating coil 127 is
located under a corner portion of the rear substrate 12,
for example, in a position corresponding to each extend-
ed portion 21c. The induction heating coil 127 subjects
the sealing layers 21a and 21b to local high-frequency
heating, thereby partially welding the sealing layers to-
gether. Thereupon, welded portions 21d are formed in-
dividually at two diagonally opposite corner portions.
[0122] Thereafter, the electrodes 30 of copper, having
a thickness of about 0.2 mm each, are inserted between
the front substrate 11 and the rear substrate 12, and are
brought individually into contact with the extended por-
tions 21c at the welded portions 21d. In this state, cur-
rent from the power source is supplied through the
paired electrodes 30 to the sealing layers 21a and 21b.
Thus, indium is heated and melted so that the front sub-
strate 11 and the sidewall 18 are airtightly joined togeth-
er with the sealing layers 21a and 21b.
[0123] When the current supply is stopped, thereafter,
the melted indium solidifies, whereupon an envelope 10
is formed. The envelope formed in this manner is cooled
to normal temperature in the cooling chamber and taken
out of the unloading chamber. In this process, the vac-
uum envelope is completed.
[0124] Other configurations are the same as those of
the foregoing embodiments, so that like reference nu-
merals are used to designate like portions, and a de-
tailed description of those portions is omitted.
[0125] According to the ninth embodiment arranged
in this manner, the opposite indiums are previously
welded together in the positions for contact with the
electrodes 30 before the current supply. By doing this,
currents of substantially equal magnitudes can be sup-
plied split to the sealing layer 21b on the side of the front
substrate 11 and the sealing layer 21a on the side of the
sidewall 18. Thus, the two sealing layers 21a and 21b
can be heat-melted equally. Since the front substrate 11
and the rear substrate 12 are pressurized toward each
other as the sealing layers are energized, moreover,

change of the cross-sectional areas of the melted seal-
ing layers can be restrained, so that the whole sealing
layers can be equally heated to a higher temperature,
as in the eighth embodiment. In this manner, the front
substrate 11 and the rear substrate 12 can be stably
joined together to obtain an FED with improved reliabil-
ity.
[0126] In the eighth and ninth embodiments, the sub-
strates may be previously fitted with the electrodes, for
example, before they are put into the vacuum processor,
and the shape and material of the electrodes are not
limited to those of the foregoing embodiments. Although
the sealing material is provided on both the front sub-
strate and the sidewall during the sealing operation,
moreover, the sealing material may alternatively be pro-
vided on the front substrate and/or the sidewall during
the sealing operation.
[0127] The following is a description of an FED ac-
cording to a tenth embodiment of this invention and its
manufacturing method.
[0128] As shown in FIGS. 42 and 43, the FED is pro-
vided with a vacuum envelope 10 and a plurality of, e.
g., a pair of, electrodes 30 attached to the vacuum en-
velope. The vacuum envelope 10 comprises a front sub-
strate 11 and a rear substrate 12, which are formed of
a rectangular glass sheet each. These substrates 11
and 12 have their respective peripheral edge portions
joined together by a sidewall 18 in the form of a rectan-
gular frame. A phosphor screen 16, a metal back 17,
and a getter film 13 are formed on the inner surface of
the front substrate 11. A large number of electron emit-
ting elements 22 that excite phosphor layers of the phos-
phor screen 16 are arranged on the inner surface of the
rear substrate 12. Further, a large number of wires 23
that supplies potential to the electron emitting elements
22 are arranged in a matrix on the inner surface of the
rear substrate 12, and their respective end portions are
drawn out to the peripheral edge portion of the vacuum
envelope 10.
[0129] The paired electrodes 30 are attached to the
envelope 10 in a manner such that they conduct elec-
trically to a sealing layer 21. These electrodes 30 are
used as electrodes for energizing the sealing layer 21.
As shown in FIG. 44, each electrode 30 is formed by
bending, for example, a copper sheet of 0.2-mm thick-
ness as an electrically conductive member. More spe-
cifically, the electrode 30 is bent to have a substantially
U-shaped profile. It integrally comprises an attachment
portion 32, a body portion 34 that extends from the at-
tachment portion and serves as a passage through
which current flows to the sealing layer, a contact portion
36 situated on an extended end of the body portion and
capable of touching the sealing layer, and a flat conduc-
tion portion 38 formed of the respective back parts of
the attachment portion and the body portion.
[0130] The attachment portion 32 integrally compris-
es a nipping portion that is bent in the shape of a clip,
and can be attached to the front substrate 11 or the rear
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substrate 12 so as to nip the peripheral edge portion of
the substrate. The contact portion 36 is formed having
a horizontal extension length L of 2 mm or more. Further,
the body portion 34 is in the form of a belt, which extends
inclining diagonally upward from the attachment portion
32. Thus, the contact portion 36 is situated higher than
the attachment portion 32 and the body portion 34 con-
tact portion 36 with respect to the vertical direction.
[0131] As shown in FIGS. 42, 43 and 44, each elec-
trode 30 is attached to the vacuum envelope 10 with the
peripheral edge portion of, for example, the rear sub-
strate 12 elastically nipped by, for example, the attach-
ment portion 32 of the vacuum envelope 10. The contact
portion 36 of each electrode 30 touches and electrically
conducts to the sealing layer 21. The body portion 34
extends from the contact portion 36 to the outside of the
vacuum envelope 10, and the conduction portion 38 is
opposed to a side face of the rear substrate 12 and ex-
posed on the outer surface of the vacuum envelope 10.
These paired electrodes 30 are provided individually at
two diagonally spaced corner portions of the vacuum
envelope 10 and located symmetrically with respect to
the sealing layer 21.
[0132] Other configurations of the FED described
above are the same as those of the foregoing first em-
bodiment, so that like reference numerals are used to
designate like portions, and a detailed description of
those portions is omitted.
[0133] The following is a detailed description of a
method of manufacturing the FED according to the tenth
embodiment. The following description is focused on
those different portions which are not proper to the man-
ufacturing method according to the first embodiment.
[0134] First, as in the first embodiment, the front sub-
strate 11 having the phosphor screen 16 and the metal
back 17 formed thereon and the rear substrate 12 hav-
ing the electron emitting elements 22 thereon are pre-
pared. Subsequently, the sidewall 18 and support mem-
bers 14 are sealed onto the inner surface of the rear
substrate 12 with low-melting glass 19 in the atmos-
phere. Thereafter, a sealing layer 21a is formed by
spreading indium to a given width and thickness over
the entire periphery of a seal surface of the sidewall 18.
A sealing layer 21b is formed by spreading indium in the
shape of a rectangular frame with a given width and
thickness over a seal surface of the front substrate 11
that faces the sidewall.
[0135] Subsequently, the paired electrodes 30 are
mounted on the rear substrate 12 to which the sidewall
18 is joined, as shown in FIG. 45. As this is done, each
electrode 30 is mounted with the contact portion 36 fac-
ing the sealing layer 21a across a gap without touching
the sealing layer. The electrodes 30 are expected to be
a pair of electrodes, positive and negative, on the sub-
strate, and the respective lengths of conduction paths
for the sealing layers 21a and 21b that are energized in
parallel between the paired electrodes should prefera-
bly be made equal. To attain this, the paired electrodes

30 are attached individually to the two corner portions
that face each other in the diagonal direction of the rear
substrate 12, and the respective lengths of the sealing
layers 21a and 21b that are situated between the elec-
trodes are set to be substantially equal on the opposite
sides of each electrode.
[0136] After the electrodes 30 are mounted, the rear
substrate 12 and the front substrate 11 are opposed to
each other at a given space, and in this state, put into
the vacuum processor shown in FIG. 9. The front sub-
strate 11 and the rear substrate 12 are fed into the bak-
ing/electron beam cleaning chamber 102 through the
loading chamber 101. In the baking/electron beam
cleaning chamber 102, the individual members are
heated to a temperature of 300°C, and the surface-ad-
sorbed gas is released from each substrate. At the same
time, electron beams emitted from the electron beam
generator are applied to a phosphor screen surface of
the front substrate 11 and electron emitting element sur-
faces of the rear substrate 12, whereby the phosphor
screen surface and the electron emitting element sur-
faces are individually entirely cleaned with the electron
beams.
[0137] The sealing layers 21a and 21b are temporarily
melted by heating to become fluid in a baking process.
However, the contact portion 36 of each electrode 30
faces the sealing layers 21a and 21b across gaps with-
out touching them. Therefore, the melted indium can be
restrained from flowing out of the rear substrate 12
through the electrodes 30.
[0138] After the front substrate 11 and the rear sub-
strate 12, having undergone the baking and electron
beam cleaning, are fed into the cooling chamber 103
and cooled to a temperature of about 120°C, they are
delivered to the vapor deposition chamber 104 for getter
film. In this vapor deposition chamber 104, a Ba film is
formed as a getter film 27 on the outside of the metal
back 17 by vapor deposition. The surface of the Ba film
can be prevented from being contaminated by oxygen,
carbon, etc., so that it can maintain its active state.
[0139] Subsequently, the front substrate 11 and the
rear substrate 12 are fed into the assembly chamber
105.
In this assembly chamber 105, as shown in FIG. 46, the
front substrate 11 and the rear substrate 12 are held op-
posite to each other by hotplates 131 and 132, respec-
tively, in the assembly chamber. The front substrate 11
is fixed to the upper hotplate 131 with a fixing jig 133
lest it fall.
[0140] Thereafter, the front substrate 11 and the rear
substrate 12 are kept at about 120°C as they are moved
toward each other and pressurized under a given pres-
sure. The substrates may be moved either by a method
in which both the front substrate 11 and the rear sub-
strate 12 are moved toward each other or by a method
in which either the front substrate or the rear substrate
is moved so that they approach each other.
[0141] By pressurization under a given pressure, as
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shown in FIG. 47, the sealing layer 21b on the side of
the front substrate 11 and the sealing layer 21a on the
side of the rear substrate 12 are brought into contact
with each other. Besides, the contact portion 36 of each
electrode 30 is sandwiched between the sealing layers
21a and 21b so that each electrode 30 is connected
electrically to the sealing layers 21a and 21b. In this
case, the contact portion 36 is formed having a horizon-
tal length of 2 mm or more, so that it can be brought
stably into contact with the sealing layers 21a and 21b.
If indium is previously spread over the contact portion
36 of the electrode 30, the sealing material can enjoy
better contact and energization.
[0142] After the power source 120 is connected elec-
trically to the paired electrodes 30 in this state, as shown
in FIG. 10, a dc current of, e.g., 140 A is supplied to each
of the sealing layer 21a on the side of the sidewall 18
and the sealing layer 21b on the side of the front sub-
strate 11 in a constant-current mode. Thereupon, the
sealing layers 21a and 21b are heated so that the indium
is melted. As this is done, electrical conduction between
the power source 120 and the electrodes 30 and be-
tween the electrodes and the sealing layers 21a and 21b
can be secured by bringing connector terminals 40 con-
nected to the power source into contact with the con-
duction portions 38 of the electrodes 30. Since each
electrode 30 is equivalently in contact with the sealing
layers 21a and 21b, moreover, stable electrical conduc-
tion can be ensured, so that the individual sealing layers
can be supplied with currents of substantially equal
magnitudes and equally heat-melted.
[0143] By melting the indium, the sealing layers 21a
and 21b are fused together to form the sealing layer 21,
and the peripheral edge portion of the front substrate 11
and the sidewall 18 are sealed together with the result-
ing sealing layer. The front substrate 11, sidewall 18,
and rear substrate 12, sealed together in the processes
described above, are cooled to normal temperature in
the cooling chamber 106 and taken out of the unloading
chamber 107. Thus, the vacuum envelope 10 of the FED
is completed.
[0144] If necessary, the paired electrodes 30 may be
cut off after the vacuum envelope 10 is completed.
[0145] According to the FED constructed in this man-
ner and its manufacturing method, steady current can
be supplied to the sealing layer 21 through the elec-
trodes 30 attached to the rear substrate during electrical
heating. During sealing operation, therefore, the electri-
cally conductive low-melting sealing material that forms
the sealing layer can be melted stably and securely in
a predetermined energization time.
In consequence, quick and secure sealing can be car-
ried out without causing the sealing layer 21 to crack,
for example.
[0146] The surface-adsorbed gas can be satisfactori-
ly discharged by combining baking and electron beam
cleaning, and a getter film with excellent adsorption ca-
pacity can be obtained. Since the front substrate and

the rear substrate are sealed and joined together by
electrically heating the indium, moreover, they need not
be entirely heated, and the sealing operation can be car-
ried out stably in a short time with the whole substrates
kept at low temperature. At the same time, deterioration
of the getter film, cracking of the substrates during the
sealing process, or other failure can be avoided.
[0147] In a state before sealing, the contact portions
36 of the electrodes 30 face the sealing layers across
gaps without touching them. If the sealing material is
melted in the baking process or the like, therefore, the
melted sealing material can be prevented from flowing
out through the electrodes. Accordingly, the thickness
of each sealing layer can be kept uniform throughout its
periphery, and shorting of the wires or the like that is
attributable to the outflow of the sealing material can be
prevented. Thus, an FED can be obtained at low cost
that ensures outstanding mass-productivity and, at the
same time, formation of stable satisfactory images.
[0148] In each electrode 30 of the tenth embodiment
described above, the contact portion 36 and the body
portion 34 formed in the shape of belts that have the
same width. As shown in FIG. 48, the body portion 34
may be formed narrower than the contact portion 36.
In this case, the body portion 34 is in the form of a belt
that has a uniform width throughout its length. As shown
in FIG. 49, moreover, that part of the body portion 34
which connects with the contact portion 36 may be
formed narrow than the contact portion. In this case, the
width of the body portion gradually increases from the
contact portion toward the attachment portion 32.
[0149] Thus, with use of the electrodes 30 in which
the width of the body portion 34, especially the width of
at least that part of the body portion which connects with
the contact portion 36, is narrower than the width of the
contact portion, heat from the body portion 34 can be
quickly transmitted to the sealing layers through the con-
tact portion 36 during electrical heating operation. Ac-
cordingly, the sealing layers can be energized more sta-
bly, so that the whole sealing layers can be heated sub-
stantially equally, and joining can be carried out quickly
and securely.
[0150] Although the width of the body portion 34 is
narrowed in this case, the body portion may be bored
or notched for control, or the thickness of the body por-
tion may be reduced for control. Further, the body por-
tion may be formed of a material that is different from
the material of any other portion. In this case, heat re-
lease may be controlled by superposing material
sheets.
[0151] In the tenth embodiment described above, the
attachment portion of each electrode 30 is provided in-
tegrally with a clip-shaped nipping portion. Alternatively,
however, a separate clip 46 may be provided as a nip-
ping portion, as shown in FIGS. 50 and 51. More spe-
cifically, each electrode 30 has the contact portion 36,
the body portion 34, and a flat base portion 39, and is
integrally formed by bending a material sheet. Further,
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the attachment portion of the electrode 30 is composed
of the base portion 39 and the separate clip 46. Further-
more, the electrode 30 is attached to the rear substrate
12 with the respective peripheral edge portions of the
base portion 39 and the substrate, or the peripheral
edge portion of the rear substrate 12 in this case, nipped
by the clip 46.
[0152] Other configurations of the modifications
shown in FIGS. 48 to 51 are the same as those of the
foregoing embodiment, so that like reference numerals
are used to designate like portions, and a detailed de-
scription of those portions is omitted. Functions and ef-
fects similar to those of the foregoing embodiment can
be also obtained with these embodiments.
[0153] The tenth embodiment is configured so that the
paired electrodes are attached to the opposite diagonal
portions of the rear substrate and that the sealing layers
are energized with the substrates pressurized. Alterna-
tively, however, a pair of electrodes may be also at-
tached to the front substrate so that the sealing layers
can be energized and heat-melted independently of the
rear substrate side.
[0154] As shown in FIG. 52, in this case, the front sub-
strate 11 and the rear substrate 12 that are fed into the
assembly chamber are fixed on the hotplates 131 and
132, respectively, and located opposite to each other,
and thereafter, moved toward each other. The contact
portion of the electrode 30 that is attached to the rear
substrate 12 comes into electrical contact with the seal-
ing layer 21b on the side of the front substrate 11, while
the contact portion of the electrode 30 that is attached
to the front substrate 11 electrically touches the sealing
layer 21a on the side of the rear substrate 12. As this is
done, the sealing layer 21b on the side of the front sub-
strate 11 and the sealing layer 21a on the side of the
rear substrate 12 are kept untouched by each other.
[0155] When current is applied to the sealing layers
21a and 21b through the electrodes 30 in this state, the
sealing layer 21a and the sealing layer 21b are melted
independently of each other. After the melting, the cur-
rent supply is stopped, and the substrates 11 and 12 are
further moved toward each other and pressurized.
By doing this, the sealing layers 21a and 21b are fused
together to form the sealing layer 21, and the peripheral
edge portion of the front substrate 11 and the sidewall
18 are sealed together with the sealing layer 21.
[0156] Alternatively, two pairs of electrodes may be
attached to one substrate. In this case, one pair of elec-
trodes are used to energize the sealing layer 21a on the
side of the rear substrate 12, and the other pair of elec-
trodes to energize the sealing layer 21b on the side of
the front substrate 11.
[0157] In this case, two pairs of electrodes 30 are at-
tached to the rear substrate 12, as shown in FIG. 53.
The front substrate 11 and the rear substrate 12 that are
fed into the assembly chamber are fixed on the hotplates
131 and 132, respectively, and located opposite to each
other, and thereafter, moved toward each other. The re-

spective contact portions 36 of one pair of electrodes,
among the electrodes that are attached to the rear sub-
strate 12, are brought into electrical contact with the
sealing layer 21b on the side of the front substrate 11.
In each electrode 30 of the other pair, as shown in FIG.
54, a projection 47 is formed on the body portion 34 of
the electrode.
When the front substrate 11 and the rear substrate 12
are moved toward each other, the projection 47 engages
the peripheral edge portion of the front substrate 11,
while the contact portion 36 of the electrode moves to-
ward the sealing layer 21a on the side of the rear sub-
strate 12 and comes into electrical contact with the seal-
ing layer 21a. As this is done, the sealing layer 21b on
the side of the front substrate 11 and the sealing layer
21a on the side of the rear substrate 12 are kept un-
touched by each other.
[0158] When current is applied to the sealing layers
21a and 21b through the electrodes 30 in this state, the
sealing layers 21a and 21b are heated to be melted in-
dependently of each other. After the melting, the current
supply is stopped, and the front substrate 11 and the
rear substrate 12 are further moved toward each other
and pressurized. By doing this, the sealing layers 21a
and 21b are fused together to form the sealing layer 21,
and the peripheral edge portion of the front substrate 11
and the sidewall 18 are sealed together with the sealing
layer.
[0159] Other configurations of the modifications
shown in FIGS. 52, 53 and 54 are the same as those of
the foregoing tenth embodiment, so that like reference
numerals are used to designate like portions, and a de-
tailed description of those portions is omitted. Functions
and effects similar to those of the foregoing embodiment
can be also obtained with these modifications.
[0160] In each of the foregoing embodiments, on the
other hand, the electrodes may be removed from the
vacuum envelope of the FED after sealing the vacuum
envelope is finished. A manufacturing method accord-
ing to an eleventh embodiment of this invention is con-
figured so that electrodes 30 are cut from a vacuum en-
velope 10 after the sealing. In the tenth embodiment, for
example, the envelope 10 is taken out of the unloading
chamber 107 of the vacuum processor after the sealing.
The electrodes 30 are kept firmly joined to a sealing lay-
er 21 as they are left in the envelope 10. Therefore,
these electrodes 30 are removed from the envelope 10
in the following processes.
[0161] First, the edge of an ultrasonic cutter 60 is in-
serted into an interface between each electrode 30 and
the sealing layer 21, as shown in FIG. 55, and that part
of the sealing layer 21 which is situated around a contact
portion 36 of the electrode is removed by ultrasonic cut-
ting. If the ultrasonic cutter 60 is used, frictional force
between the edge and the sealing layer 21 is reduced
by ultrasonic vibration, so that the sealing layer can be
easily cut and removed without any substantial pressur-
ization.
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[0162] If that part of the sealing layer around the con-
tact portion 36 of each electrode 30 is removed in this
manner, the bonding force between the electrode and
the sealing layer lessens. In this state, as shown in FIG.
56, an attachment portion 32 of the electrode 30 is
chucked with a holding jig (not shown) and drawn out in
the direction of the arrow. Thus, the electrodes 30 can
be mechanically removed from the envelope 10 without
damaging substrates or the sealing layer.
[0163] If the electrodes 30 are removed from the FED
constructed in this manner, recesses 41 are left individ-
ually in those parts of the sealing layer 21 which corre-
spond to traces of the location of the respective contact
portions 36 of the electrodes. More specifically, as
shown in FIGS. 57 and 58, the recesses 41, e.g., 5 mm
wide and about 1 mm deep each, are formed individually
in those two spots of the sealing layer 21 which are sit-
uated corresponding to two diagonally opposite corner
portions 40a and 40b of the vacuum envelope 10, and
individually open outward of the vacuum envelope.
Thus, the sealing layer 21 is formed so that its width is
partially narrowed at the corner portions 40a and 40b of
the vacuum envelope 10.
[0164] Other configurations of the eleventh embodi-
ment are the same as those of the foregoing tenth em-
bodiment, so that like reference numerals are used to
designate like portions, and a detailed description of
those portions is omitted.
[0165] Functions and effects similar to those of the
foregoing embodiments can be obtained with the man-
ufacturing method and the FED according to the elev-
enth embodiment arranged in this manner. Such an ad-
vantage can be obtained that handling the envelope can
be simplified by removing the electrodes that become
unnecessary components for the FED after the sealing.
The electrodes can be prevented from hindering oper-
ation for incorporating the FED as a monitor into a cab-
inet, for example. Such a problem can be eliminated that
those parts of the electrodes which project from the sub-
strates damage some other devices or an operator or
that a load acts on the envelope through the electrodes,
thereby breaking the envelope. Further, a transportation
unit or the like need not be converted to be compatible
with the electrodes, so that manufacturing costs can be
lowered.
[0166] By using the ultrasonic cutter or the like for ul-
trasonic vibration cutting, the sealing material around
the electrodes can be removed, so that the electrodes
can be disengaged with ease.
[0167] Although the ultrasonic cutter is used to re-
move the electrodes 30 from the vacuum envelope 10
according to the eleventh embodiment described
above, the electrodes may alternatively be removed by
the following method. As shown in FIG. 59, an ultrasonic
vibrator 64 that is connected to an ultrasonic source 62
is brought into contact with the electrode 30, whereupon
the electrode 30 is subjected directly to ultrasonic vibra-
tion. In this case, the electrode 30 itself serves as the

edge of the ultrasonic cutter and cuts the interface be-
tween the contact portion 36 of the electrode and the
sealing layer 21 by ultrasonic vibration. Thus, the seal-
ing material around the electrode 30 can be removed,
so that the electrode can be disengaged with ease.
[0168] The electrode 30 may be drawn out from the
sealing layer 21 with the bonding force between the
electrode and the sealing layer reduced by partially
heating and softening that region of the sealing layer
which is situated near the contact portion 36 of the
sealed electrode. To attain this, that part of the sealing
layer 21 which is situated near the contact portion 36 of
the electrode 30 is subjected to induction heating. After
the sealing, more specifically, an induction heating coil
66 is located adjacent and opposite to a front substrate
11 of the vacuum envelope 10, for example, in the vicin-
ity of the electrode 30, as shown in FIG. 60. By applying
high frequencies to the induction heating coil 66, the
sealing layer 21 is subjected to high-frequency heating
through the front substrate 11, whereupon the sealing
layer is softened partially.
[0169] In this case, the attachment portion 32 of the
electrode 30 is previously chucked with the holding jig
(not shown) and subjected to a small tensile force in the
outward direction of the substrate. Thereupon, the
bonding force between the electrode 30 and the sealing
layer 21 weakens when the sealing layer 21 is softened,
so that the electrode 30 can be drawn out. After the elec-
trode 30 is drawn out, the induction heating coil 66 is
de-energized and separated from the vacuum envelope
10. When this is done, the heated part of the sealing
layer 21 is quickly cooled, whereupon the envelope 10
of the FED is completed.
[0170] In the embodiment shown in FIG. 60, the elec-
trode 30 may be mechanically removed after that part
of the sealing layer 21 near the contact portion 36 of the
electrode is melted by induction heating. If the heating
time is long, in this case, a wide region of the sealing
layer 21 flows out inevitably, so that the airtight sealing
of the envelope may possibly be broken. Preferably,
therefore, the sealing layer should be heated in a short
time of about 3 to 30 seconds. If the heating time is short,
only that part of the contact portion 36 that is situated
near the contact portion 36 is melts, so that the vacuum
airtightness of the envelope 10 can be kept secured
when the electrode 30 is removed.
[0171] Further, the region around the electrode may
be heated by using a local heater or by any other method
than induction heating.
[0172] Other configurations of the embodiments indi-
vidually shown in FIGS. 59 and 60 are the same as those
of the foregoing eleventh embodiment, so that like ref-
erence numerals are used to designate like portions,
and a detailed description of those portions is omitted.
[0173] In the FED, moreover, the sealing layer 21 may
be formed having any of recesses 41 shown in FIGS.
61A to 61E, depending on the positions in which the
electrodes are located or the shapes of the electrodes.
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According to a modification shown in FIG. 61A, the re-
spective corner portions of the sidewall 18 and the seal-
ing layer 21 are right-angled, and each recess 41 is
formed at a corner portion of the sealing layer and has
a rectangular shape extending in the diagonal direction.
According to a modification shown in FIG. 61B, the re-
spective corner portions of the sidewall 18 and the seal-
ing layer 21 are right-angled, and each recess 41 is
formed by chamfering a corner portion of the sealing lay-
er and extends in the diagonal direction.
[0174] According to a modification shown in FIG. 61C,
the respective corner portions of the sidewall 18 and the
sealing layer 21 are arcuate, and each recess 41 is
formed at a corner portion of the sealing layer and has
a rectangular shape extending in the diagonal direction.
According to a modification shown in FIG. 61D, the re-
spective corner portions of the sidewall 18 and the seal-
ing layer 21 are arcuate, and the bottom portion of each
recess 41 is formed at a corner portion of the sealing
layer and has an arcuate shape convexed in the diago-
nal direction. According to a modification shown in FIG.
61E, moreover, the respective corner portions of the
sidewall 18 and the sealing layer 21 are arcuate, and
each recess 41 is formed by chamfering a corner portion
of the sealing layer and extends in the diagonal direc-
tion.
[0175] Further, each recess 41 may have any other
shape than the aforesaid ones, depending on the shape
of the electrodes used. Furthermore, each electrode 30
may be located in, for example, the central part of a long
side or a short side of the envelope without being re-
stricted to a corner portion provided that the respective
lengths of conduction paths of the sealing layer 21 are
equal. In this case, each recess 41 is formed in the cen-
tral part of a long side or a short side of the sealing layer
21 corresponding to the location of the electrode 30. The
position and shape of each recess 41 may be set op-
tionally.
[0176] In performing the sealing operation in the
aforementioned assembly chamber 105, the sealing
layers 21a and 21b that are provided on the front sub-
strate 11 and the rear substrate 12 may be separately
energized so that the two substrates can be pressurized
toward each other under a desired to be sealed together
after the sealing material is melted. In this case, the two
substrates require use of two pairs of or four electrodes
30. These electrodes are attached individually to the
four corner portions of the rear substrate 12, for exam-
ple. One pair of electrodes are used to energize the seal-
ing layer 21a on the rear substrate 12, and the other pair
of electrodes to energize the sealing layer 21b on the
front substrate 11. After the sealed electrodes are re-
moved, therefore, the four recesses 41 are formed in
the sealing layer 21 of the vacuum envelope 10.
[0177] These recesses are not limited to two or four
in number for the aforesaid cases, and may be in any
desired number depending on the number of electrodes
used. If four electrodes each having a forked contact

portion are used for electrical sealing, for example, eight
recesses are formed.
[0178] Although the entire electrodes are removed
from the vacuum envelope according to the eleventh
embodiment described above, the electrodes may alter-
natively be removed with some odds left. According to
a manufacturing method of a twelfth embodiment of this
invention, each electrode 30 is cut in the middle of its
body portion, and all of its portions except a contact por-
tion 36 are removed from an envelope.
[0179] More specifically, a front substrate 11, sidewall
18, and rear substrate 12, which are sealed together in
processes similar to those of the foregoing tenth embod-
iment, for example, are fed into the cooling chamber 106
of the vacuum processor and cooled to normal temper-
ature. In this state, the contact portion 36 of each elec-
trode 30 is kept firmly joined to a sealing layer 21. As
shown in FIG. 62, the cooling chamber 106 is provided
with an automated cutter 70. The automated cutter 70
is extended so as to nip a body portion 34 of the elec-
trode 30, whereupon that part of the body portion 34
near the contact portion 36 is cut by the automated cut-
ter.
[0180] Subsequently, as shown in FIG. 63, an attach-
ment portion 32 of the cut electrode 30 is chucked with
the holding jig (not shown) and drawn out in the direction
of the arrow to be removed from the rear substrate 12.
Thereupon, all other portions of the electrode 30 includ-
ing the attachment portion 32 are disengaged from the
envelope 10 with the contact portion 36 of the electrode
and a part of the body portion 34 left on the side of the
envelope. Since the other parts of the electrode 30 than
the contact portion 36 are configured only elastically to
nip the rear substrate 12, they can be easily removed
without damaging the substrates or the sealing layer 21.
After the tip portion of the electrode 30 is cut, the enve-
lope 10 is fed into the unloading chamber 107 and taken
out of the unloading chamber 107. Thus, the vacuum
envelope 10 of an FED is completed.
[0181] When most of each electrode 30 is removed
from the FED constructed in this manner, only a con-
ductor piece 71 that includes the contact portion 36 of
the electrode 30 and a part of the body portion 34 re-
mains at each of two corner portions of the vacuum en-
velope 10.
[0182] Other configurations of the twelfth embodi-
ment are the same as those of the foregoing tenth em-
bodiment, so that like reference numerals are used to
designate like portions, and a detailed description of
those portions is omitted.
[0183] Functions and effects similar to those of the
foregoing embodiments can be obtained with the man-
ufacturing method and the FED according to the elev-
enth embodiment arranged in this manner. When most
of each electrode, which is an unnecessary component
for the sealed FED, is removed, moreover, the electrode
tip portions remain at the corner portions of the enve-
lope. Since regions for the odds are restricted to very
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narrow ranges, however, such an advantage can be ob-
tained that handling the envelope is simple. The elec-
trodes can be prevented from hindering operation for in-
corporating the FED as a monitor into a cabinet, for ex-
ample. Such a problem can be eliminated that those
parts of the electrodes which project from the substrates
damage some other devices or an operator or that a load
acts on the envelope through the electrodes, thereby
breaking the envelope. Further, a transportation unit or
the like need not be converted to be compatible with the
electrodes, so that manufacturing costs can be lowered.
By disengaging the electrodes 30 from the vacuum en-
velope after they are cut, the electrodes can be easily
removed without damaging the sealing layer or the sub-
strates.
[0184] Although the electrodes are cut and removed
in the cooling chamber of the vacuum processor accord-
ing to the twelfth embodiment described above, cut
parts of the electrodes may alternatively be removed
manually from the rear substrate 12 after cutting the
electrodes in the cooling chamber and taking out enve-
lope through the unloading chamber.
[0185] Further, the electrodes are configured to be cut
with the automated cutter that is attached to the cooling
chamber of the vacuum processor. Alternatively, how-
ever, the electrodes may be cut by means of a device
for electrode cut-off that is prepared separately from the
vacuum processor. If the electrodes are thin and easily
cuttable, an operator may use a cutter or the like to cut
them manually.
[0186] In the embodiment described above, a pair of
electrodes for energizing a sealing layer 21a on the side
of the rear substrate and a pair of electrodes for ener-
gizing a sealing layer 21b on the side of the front sub-
strate may be provided independently of each other so
that the sealing layers can be energized with two pairs
of or four electrodes. In this case, the completed FED is
configured so that four conductor pieces 71 that are
equivalent to electrode tip portions are left thereon. It is
to be understood that the positions, shape, and number
of electrodes are not limited to the foregoing embodi-
ment.
[0187] The following is a description of a manufactur-
ing method and a manufacturing apparatus for an FED
according to a thirteenth embodiment of this invention.
FIG. 64 shows the FED that is manufactured according
to the present embodiment. Other configurations of the
FED are the same as those of the FED described in con-
nection with each of the foregoing embodiments, so that
like reference numerals are used to designate like por-
tions, and a detailed description of those portions is
omitted.
[0188] In the method of manufacturing the FED ac-
cording to the thirteenth embodiment, as in the methods
of the foregoing embodiments, a front substrate 11 hav-
ing a phosphor screen 16 and a metal back 17 formed
thereon and a rear substrate 12 having electron emitting
elements 22 thereon are prepared first.

[0189] A sidewall 18 and support members 14 are
sealed onto the inner surface of the rear substrate 12
with low-melting glass in the atmosphere. Thereafter, a
sealing layer 21a in the shape of a rectangular frame is
formed by spreading indium to a given width and thick-
ness over the entire periphery of a seal surface of the
sidewall'18. A sealing layer 21b in the shape of a rec-
tangular frame corresponding to the sealing layer 21a
on the side of the sealing layer 21a is formed by spread-
ing indium in the shape of a rectangular frame with a
given width and thickness over a seal surface of the front
substrate 11 that faces the sidewall.
[0190] Subsequently, a pair of electrodes 30 for ener-
gization are mounted on the rear substrate 12 to which
the sidewall 18 is joined, as shown in FIG. 65. Each elec-
trode 30 is formed by bending, for example, a copper
sheet of 0.2-mm thickness as an electrically conductive
member. Each electrode 30 integrally comprises an at-
tachment portion 32, a tongue portion 44, and a contact
portion 36. The attachment portion 32 can be attached
the rear substrate 12 so as to nip its peripheral edge
portion. The tongue portion 44 is held by a holding jig,
which will be mentioned later. The contact portion 36 can
touch the sealing layer 21a. Each electrode 30 is at-
tached to the rear substrate 12 with the peripheral edge
portion of the rear substrate elastically nipped by the at-
tachment portion 32. As this is done, the contact portion
36 of each electrode 30 is brought into contact with the
sealing layer 21a on the sidewall 18, whereby the elec-
trode is connected electrically to the sealing layer. The
tongue portion 44 projects outward from the rear sub-
strate 12.
[0191] After the paired electrodes 30 are attached to
the rear substrate 12, the rear substrate 12 and the front
substrate 11 are opposed to each other at a given space,
and in this state, put into the vacuum processor. For ex-
ample, the vacuum processor 100 shown in FIG. 9 is
used in this case.
[0192] The aforesaid front and rear substrates 11 and
12 that are located at the given space are first put into
the loading chamber 101. After the atmosphere in the
loading chamber 101 is reduced to a vacuum, the sub-
strates are delivered to the baking/electron beam clean-
ing chamber 102.
[0193] In the baking/electron beam cleaning chamber
102, the individual members are heated to a tempera-
ture of 300°C, and a gas that is adsorbed on the respec-
tive surfaces of the substrates sidewall is discharged.
At the same time, electron beams emitted from the elec-
tron beam generator (not shown) that is attached to the
baking/electron beam cleaning chamber 102 are ap-
plied to a phosphor screen surface of the front substrate
11 and electron emitting element surfaces of the rear
substrate 12. In doing this, the electron beams are de-
flected for scanning by the deflector that is attached to
the outside of the electron beam generator, whereby the
phosphor screen surface and the electron emitting ele-
ment surfaces are individually entirely cleaned with the
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electron beams.
[0194] The front substrate 11 and the rear substrate
12, thus subjected to the electron beam cleaning, are
fed into the cooling chamber 103 and cooled to a tem-
perature of about 120°C, and then delivered to the vapor
deposition chamber 104 for getter film. In the vapor dep-
osition chamber 104, a barium film is formed as a getter
film on the outside of the phosphor layers by vapor dep-
osition. The surface of the barium film can be prevented
from being contaminated by oxygen, carbon, etc., so
that it can maintain its active state.
[0195] Subsequently, the front substrate 11 and the
rear substrate 12 are fed into the assembly chamber
105.
Set in the assembly chamber 105, as shown in FIGS.
66 and 67, are hotplates 131 and 132 for holding and
heating the two substrates, a drive mechanism 150 for
vertically driving the lower hotplate 132, wires 134 for
energizing the sealing layers, and a pair of contact elec-
trodes 135 that are individually in contact with the paired
electrodes 30. Also set in the assembly chamber 105
are holders 136 for nipping and holding the paired elec-
trodes 30, drive mechanisms 137 for driving the holders
136 vertically and in the in-plane direction, and a plural-
ity of guide rollers 138 for moving the substrates in the
in-plane direction, that is, in a direction parallel to the
substrate surfaces. The contact electrodes 135 are at-
tached to the lower hotplate 132. The wires 134 are con-
nected to the power source 120 that is located outside
the assembly chamber 105.
[0196] The front substrate 11 and the rear substrate
12 that are delivered to the assembly chamber 105 are
first mechanically positioned with respect to their corre-
sponding hotplates 131 and 132 by the guide rollers
138. After the front substrate 11 is positioned on a trans-
portation jig, as this is done, it is attracted and fixed to
the hotplate 131 by a conventional electrostatic attrac-
tion technique lest it fall. After the rear substrate 12 is
set on the lower hotplate 132, it is positioned by the
guide rollers 138. At the same time, the tongue portions
44 of the paired electrodes 30 are brought into contact
with and connected electrically to their corresponding
contact electrodes 135.
[0197] After the mutual positioning of the front sub-
strate 11 and the rear substrate 12 is completed, the hot-
plate drive mechanism 150 moves the rear substrate 12
toward the front substrate 11 and pressurizes it under a
given pressure. Thereupon, the respective contact por-
tions 36 of the electrodes 30 are sandwiched between
sealing layers 21b and 21a of the front substrate 11 and
the rear substrate 12, and the electrodes are simultane-
ously brought into electrical contact with the sealing lay-
ers of the two substrates.
[0198] In this state, a dc current of 140 A is supplied
from the power source 120 to the sealing layers 21a and
21b through the electrodes 30 in a constant-current
mode. Thereupon, the indium is heated to be melted,
and the front substrate 11 and the rear substrate 12 are

airtightly sealed together. After the current supply is
stopped, the drive mechanisms 137 move the holders
136 to the tongue portions 44 of the electrodes 30, as
shown in FIG. 67, whereupon the tongue portions 44
are nipped by the holders. Thereafter, the drive mecha-
nisms 137 move the holders 136 together with the elec-
trodes 30 outward from the substrates along a direction
parallel to the surface of the rear substrate 12. There-
upon, the electrodes 30 are separated from the melted
indium and the rear substrate 12. Immediately after the
current supply is stopped, the indium is melted, and the
electrodes 30 can be easily separated from the sealing
layers. If the sealing layer 21 is held as it is after the
electrodes 30 are separated, the melted indium solidi-
fies, whereupon an envelope 10 is formed. After the
sealing, the envelope 10 is delivered to the cooling
chamber 106 to be cooled to normal temperature therein
and taken out of the unloading chamber 107. In this
process, the vacuum envelope 10 is completed.
[0199] Thus, according to the manufacturing method
and the manufacturing apparatus for the FED of the thir-
teenth embodiment, the front substrate 11 and the rear
substrate 12 are sealed and joined together in a vacuum
atmosphere. Therefore, the surface-adsorbed gas can
be satisfactorily discharged by combining baking and
electron beam cleaning, and a getter film with excellent
adsorption capacity can be obtained. Since the front
substrate and the rear substrate are sealed and joined
together by electrically heating the indium, they need not
be entirely heated, and deterioration of the getter film,
cracking of the substrates during the sealing process,
or other failure can be avoided. At the same time, the
sealing time can be shortened, so that the manufactur-
ing method can enjoy outstanding mass-productivity.
Since the electrodes are separated from the indium in
the assembly chamber after the current supply, the elec-
trodes never remain on the sealed FED. Therefore, the
electrodes can be prevented from hindering operation
for incorporating the FED as a monitor into a cabinet or
breaking the envelope, for example. Thus, such an ad-
vantage can be obtained that handling the sealed enve-
lope is simple.
[0200] In the thirteenth embodiment described above,
the rear substrate 12 is put into the vacuum processor
after it is fitted with to the paired electrodes 30. Alterna-
tively, however, the manufacturing method and the man-
ufacturing apparatus may be designed so that elec-
trodes for energization are set in the vacuum processor
and the substrate is put into the vacuum processor with-
out being fitted with any electrodes.
[0201] As shown in FIG. 68, a manufacturing appara-
tus for an FED according to a fourteenth embodiment of
this invention comprises hotplates 131 and 132 for fix-
ing, holding, and heating two substrates, a drive mech-
anism 150 for vertically driving the lower hotplate 132,
wires 134 and electrodes 145 for energizing the sealing
layers, drive mechanisms 137 for driving the electrodes
145 in a direction parallel to the surfaces of the sub-
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strates and in a direction perpendicular to the substrate
surfaces, and a plurality of guide rollers 138 for moving
the substrates parallel to their surfaces and positioning
them. The wires 134 for energization are connected to
the power source 120 outside the assembly chamber.
Other configurations of the manufacturing apparatus
are the same as those of the foregoing thirteenth em-
bodiment, so that like reference numerals are used to
designate like portions, and a detailed description of
those portions is omitted.
[0202] In the fourteenth embodiment, a front sub-
strate 11 and a rear substrate 12 that are delivered to
the assembly chamber 105 are first mechanically posi-
tioned with respect to their corresponding hotplates 131
and 132 by the guide rollers 138. After the front sub-
strate 11 is positioned on a transportation jig, as this is
done, it is attracted to the hotplate 131 by the conven-
tional electrostatic attraction technique lest it fall.
[0203] Then, the electrode drive mechanisms 137
and the hotplate drive mechanism 150 move the elec-
trodes 145 and the rear substrate 12 toward the front
substrate 11 and pressurize them under a desired pres-
sure. Thereupon, the electrodes 145 are sandwiched
between sealing layers 21a and 21b of the two sub-
strates, and the electrodes are simultaneously brought
into electrical contact with the sealing layers of the two
substrates.
[0204] In this state, a dc current of 140 A is supplied
from the power source 120 to the sealing layers 21a and
21b through the electrodes 145 in a constant-current
mode. Thereupon, indium is heated to be melted, and
the front substrate 11 and the rear substrate 12 are air-
tightly sealed together. After the current supply is
stopped, the electrode drive mechanisms 137 move the
electrodes 145 outward from the substrates and sepa-
rated from the melted indium. Immediately after the cur-
rent supply is stopped, the indium is melted, so that the
electrodes 145 can be easily separated from the indium.
If this state is maintained for several minutes after the
electrodes are separated, the melted indium solidifies,
whereupon an envelope 10 is formed. After the sealing,
the envelope 10 is delivered to the cooling chamber 106
to be cooled to normal temperature therein and taken
out of the unloading chamber 107.
[0205] Other configurations of the fourteenth embod-
iment are the same as those of the thirteenth embodi-
ment, and a description of like portions is omitted.
[0206] According to the arrangement described
above, the electrodes 145 for energization are set in the
assembly chamber 105 and disengaged from the seal-
ing layers after energization. As in the thirteenth embod-
iment, therefore, no electrodes can remain on the
sealed FED. Such a problem can be eliminated that the
electrodes hinder operation for incorporating the FED
as a monitor into a cabinet or the electrodes cause the
envelope to break.
[0207] In the fourteenth embodiment, two pairs or four
electrodes may be used so that a pair of electrodes can

be brought into electrical contact with each of the sealing
layers on the front substrate side and the rear substrate
sides. In this case, the substrates are pressurized
against each other after the electrodes are disengaged.
It is to be understood that the positions, shape, and
number of electrodes are not limited to the foregoing
embodiment.
[0208] This invention is not limited to the various em-
bodiments described above, and various modifications
may be effected therein without departing from the
scope of the invention. In each of the plurality of embod-
iments described above, the vacuum envelope is con-
figured so that the sidewall is sandwiched between the
front substrate and the rear substrate. Alternatively,
however, the sidewall may be formed integrally with the
front substrate or the rear substrate, or the sidewall may
be joined to the front substrate and the rear substrate
so as to cover them laterally. Further, the seal surface
that is sealed by electrically heating the sealing material
may be replaced by two surfaces between the front sub-
strate and the sidewall and between the rear substrate
and the sidewall.
[0209] According to the foregoing embodiments, the
sealing material on the front substrate side and the seal-
ing material on the rear substrate side are brought into
contact with each other and electrically heated. Alterna-
tively, however, the sealing materials may be joined to-
gether before they solidify after being electrically heated
in a non-contact state. The configurations of the phos-
phor screen and the electron emitting elements are not
limited to the embodiments of the present invention and
may alternatively be any other configurations. Further,
the sealing material is not limited to indium and may be
any other material that is electrically conductive. In gen-
eral, a metal can be used as the sealing material, since
it undergoes a sudden resistance change as a phase
change occurs. For example, a metal or alloy that con-
tains In, Sn, Pb, Ga and/or Bi may be used as the sealing
material.
[0210] Each FED described above is provided with
one or two pairs of electrodes. Alternatively, however,
each FED may be provided with at least one electrode
that is previously attached to the envelope. In this case,
electrical heating is carried out with other necessary
electrodes attached to the envelope in the sealing proc-
ess. Further, a plurality of electrodes may be located in
any other positions than corner portions of the envelope
provided that they are arranged so that conduction
paths of the sealing layers between the electrodes have
equal lengths or that they are arranged symmetrically
with respect to the sealing layers.
[0211] In the embodiments described above, the seal-
ing layers of indium are provided on both the rear sub-
strate side and the front substrate side. Alternatively,
however, the front substrate and the rear substrate may
be sealed together with a sealing layer provided on only
one of them.
[0212] The external shape of the vacuum envelope
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and the construction of the support members are not lim-
ited to the foregoing embodiments. A matrix-shaped
light absorbing layer and phosphor layers may be
formed so that columnar support members with a cruci-
form cross section are positioned with respect to the
light absorbing layer and sealed. The electron emitting
elements used may be formed of pn cold cathode ele-
ments or surface-conduction electron emitting ele-
ments. Although the processes for joining the substrates
in a vacuum atmosphere have been described in con-
nection with the foregoing embodiments, the joining
may be also carried out in any other atmospheric envi-
ronment.
[0213] This invention is not limited to an FED and may
be also applied to any other image display device, such
as an SED or PDP, or an image display device of which
the envelope is kept at a high vacuum inside.

Industrial Applicability

[0214] According to the present invention, as de-
scribed above, there may be provided an image display
device, a method of manufacturing the image display
device, and a manufacturing apparatus, which ensure
steady and quick sealing operation and highly reliable,
satisfactory image display.

Claims

1. An image display device comprising:

an envelope having a front substrate and a rear
substrate opposed to the front substrate, re-
spective peripheral edge portions of the front
substrate and the rear substrate being sealed
together with a sealing layer which contains an
electrically conductive sealing material; and
an electrode member which is attached to the
envelope to be in electrical contact with the
sealing layer and serves to energize the sealing
layer.

2. An image display device according to claim 1,
wherein the electrode member has a first sheet por-
tion and a second sheet portion formed by bending
a metal sheet each and opposed to each other
across a gap and a conduction portion connecting
the first and second sheet portions, and is attached
to the envelope with the peripheral edge portion of
the front substrate or the rear substrate held be-
tween the first and second sheet portions.

3. An image display device according to claim 2,
wherein the first sheet portion has a contact portion
in electrical contact with the sealing layer.

4. An image display device according to claim 2,

wherein the envelope has a frame-shaped sidewall
joined between the respective peripheral edge por-
tions of the front substrate and the rear substrate,
at least one of the rear and front substrates being
sealed to the sidewall with the sealing layer there-
between, and the electrode member is attached to
the envelope with the sidewall and the peripheral
edge portion of the at least one of the rear and front
substrates held between the first and second sheet
portions.

5. An image display device according to claim 1,
wherein the electrode member has a contact por-
tion in electrical contact with the sealing layer, a
body portion extending from the contact portion to
the outside of the envelope, and a conduction por-
tion exposed to the outside of the envelope, the
body portion having an outflow restraining portion
situated higher than the contact portion with respect
to the vertical direction.

6. An image display device according to claim 1,
wherein the electrode member has a contact por-
tion in electrical contact with the sealing layer and
a body portion and a drain portion which extend
from the contact portion to the outside of the enve-
lope, the body portion having an outflow restraining
portion situated higher than the contact portion with
respect to the vertical direction, the drain portion be-
ing situated lower than the contact portion with re-
spect to the vertical direction.

7. An image display device according to claim 5 or 6,
wherein the electrode member has a conduction
portion exposed or projecting to the outside of the
envelope.

8. An image display device according to claim 5 or 6,
wherein the electrode member has an attachment
portion nipping the peripheral edge portion of the
front substrate or the rear substrate and is attached
to the envelope.

9. An image display device according to claim 5 or 6,
wherein the electrode member is formed by bending
a metal sheet.

10. An image display device according to claim 5 or 6,
wherein the contact portion of the electrode mem-
ber has a horizontal portion with a horizontal exten-
sion length of 2 mm or more.

11. An image display device according to claim 6,
wherein the drain portion of the electrode member
has a width narrower than the width of the body por-
tion.

12. An image display device according to claim 5 or 6,
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wherein the contact portion of the electrode mem-
ber and neighboring regions thereof are loaded with
an electrically conductive material.

13. An image display device according to claim 6,
wherein the contact portion of the electrode mem-
ber and neighboring regions thereof and the drain
portion and neighboring regions thereof are loaded
with an electrically conductive material.

14. An image display device according to claim 1,
wherein the electrode member has a contact por-
tion in electrical contact with the sealing layer and
a body portion extending from the contact portion
to the outside of the envelope, at least a part of the
body portion having a cross-sectional area smaller
than a cross-sectional area of the contact portion.

15. An image display device according to claim 14,
wherein the contact portion of the electrode mem-
ber is situated higher than the body portion with re-
spect to the vertical direction.

16. An image display device according to claim 1,
wherein the electrode member has a plurality of
contact portions individually in electrical contact
with the sealing layer and arranged across gaps
through which the sealing material can flow out.

17. An image display device according to claim 16,
wherein the electrode member has a plurality of
contact portions individually in contact with the seal-
ing layer on either side of one corner portion of the
envelope.

18. An image display device according to claim 16,
wherein the electrode member has a plurality of
contact portions individually in contact with the seal-
ing layer on one side of one corner portion of the
envelope.

19. An image display device according to claim 16,
wherein the electrode member is formed in the
shape of a Y having two contact portions.

20. An image display device according to claim 1,
wherein the sealing layer is formed in the shape of
a substantially rectangular frame, and a plurality of
said electrode members are arranged symmetrical-
ly with respect to the sealing layer and connected
electrically to the sealing layer.

21. An image display device according to claim 1,
wherein the sealing layer is formed in the shape of
a substantially rectangular frame, and the electrode
member includes a first electrode attached to the
rear substrate and connected electrically to the
sealing layer and a second electrode attached to

the front substrate and connected electrically to the
sealing layer.

22. An image display device according to claim 1,
wherein the sealing material contains at least one
of elements including In, Sn, Pb, Ga and Bi.

23. An image display device according to claim 1,
wherein the electrode member is formed of a simple
element or an alloy which contains at least one of
elements including Cu, Al, Fe, Ni, Co, Be and Cr.

24. An image display device according to claim 1, which
comprises phosphor layers provided on an inner
surface of the front substrate and a plurality of elec-
tron emitting elements which are provided on an
rear substrate and excite the phosphor layers.

25. An image display device according to claim 1,
wherein the envelope has a frame-shaped sidewall
joined between the respective peripheral edge por-
tions of the front substrate and the rear substrate,
and the sealing layer is located between the side-
wall and at least one of the front and rear substrates.

26. An image display device comprising:

an envelope including a front substrate and a
rear substrate opposed to each other and hav-
ing respective peripheral edge portions thereof
joined together with an electrically conductive
sealing material; and
a plurality of electrode members at least parts
of which are covered by an electrically conduc-
tive material layer and which are connected in-
dividually electrically to the sealing material
through the electrically conductive material lay-
er.

27. An image display device according to claim 26,
wherein the envelope has a frame-shaped sidewall
joined between the respective peripheral edge por-
tions of the front substrate and the rear substrate,
and the sealing material is located between the
sidewall and at least one of the front and rear sub-
strates.

28. An image display device according to claim 26,
wherein the sealing material is provided in the form
of a frame along a peripheral edge portion of the
envelope, and the plurality of electrode members
are provided at least two corner portions of the en-
velope.

29. An image display device according to claim 26,
wherein each of the electrode members is formed
of a simple element or an alloy which contains at
least one of elements including Cu, Al, Fe, Ni, Co,

49 50



EP 1 542 255 A1

28

5

10

15

20

25

30

35

40

45

50

55

Be and Cr.

30. An image display device according to claim 26,
wherein the sealing material contains any of ele-
ments including In, Sn, Pb, Ga and Bi.

31. An image display device according to claim 26,
wherein the electrically conductive material layer
contains at least one of elements including In, Sn,
Pb, Ga and Bi.

32. An image display device comprising:

an envelope which has a front substrate and a
rear substrate opposed to each other and a
sealing layer which is located along a peripher-
al edge portion of the inner surface of at least
one of the front and rear substrates and con-
tains an electrically conductive sealing materi-
al, the peripheral portions of the front substrate
and the rear substrate being joined together
with the sealing layer therebetween; and
a plurality of pixels provided in the envelope,
the sealing layer having a plurality of recesses
which individually open outward of the enve-
lope.

33. An image display device according to claim 32,
wherein the plurality of recesses are situated indi-
vidually at two or four corner portions of the enve-
lope.

34. An image display device comprising:

an envelope which has a front substrate and a
rear substrate opposed to each other and a
sealing layer which is located along a peripher-
al edge portion of the inner surface of at least
one of the front and rear substrates and con-
tains an electrically conductive sealing materi-
al, the peripheral portions of the front substrate
and the rear substrate being joined together
with the sealing layer therebetween; and
a plurality of pixels provided in the envelope,
the envelope having a plurality of conductor
pieces each including a contact portion joined
to the sealing layer and situated on the periph-
eral edge portion of the envelope.

35. An image display device according to claim 34,
wherein the conductor pieces are located individu-
ally on corner portions of the envelope.

36. A method of manufacturing an image display device
which is provided with an envelope having a front
substrate and a rear substrate opposed to each oth-
er and having respective peripheral portions thereof
joined together, the method comprising:

locating an electrically conductive sealing ma-
terial on the peripheral edge portion of at least
one of the front and rear substrates, thereby
forming a sealing layer;
attaching an electrode member to the at least
one of the front and rear substrates having the
sealing layer formed thereon, and connecting
the electrode member electrically to the sealing
layer; and
energizing the sealing layer through the elec-
trode member with the front substrate and the
rear substrate opposed to each other, thereby
heat-melting the sealing layer to join together
the respective peripheral portions of the front
substrate and the rear substrate.

37. A method of manufacturing an image display device
which is provided with an envelope having a front
substrate and a rear substrate opposed to each oth-
er and having respective peripheral portions thereof
joined together, the method comprising:

locating an electrically conductive sealing ma-
terial on the respective peripheral edge por-
tions of the front substrate and the rear sub-
strate, thereby forming individual sealing lay-
ers;
attaching an electrode member to the at least
one of the front and rear substrates, thereby
connecting the electrode member electrically to
the sealing layer formed on the at least one of
the substrates; and
energizing the sealing layers through the elec-
trode member after opposing the front sub-
strate and the rear substrate to each other and
bringing the electrode member into electrical
contact with the sealing layer formed on the oth-
er of the front and rear substrates, thereby
heat-melting the sealing layers to join together
the respective peripheral portions of the front
substrate and the rear substrate.

38. A method of manufacturing an image display device
which is provided with an envelope having a front
substrate and a rear substrate opposed to each oth-
er and having respective peripheral portions thereof
joined together, the method comprising:

locating an electrically conductive sealing ma-
terial on the peripheral edge portion of at least
one of the front and rear substrates, thereby
forming a sealing layer;
preparing an electrode member provided with
a contact portion, a body portion extending from
the contact portion and having an outflow re-
straining portion situated higher than the con-
tact portion with respect to the vertical direction,
and a conduction portion;

51 52



EP 1 542 255 A1

29

5

10

15

20

25

30

35

40

45

50

55

attaching the electrode member to the at least
one of the front and rear substrates having the
sealing layer formed thereon with the body por-
tion extending outward from the sealing layer
and with the conduction portion exposed or pro-
jecting to the outside, thereby bringing the con-
tact portion into electrical contact with the seal-
ing layer; and
energizing the sealing layer through the elec-
trode member with the front substrate and the
rear substrate opposed to each other, thereby
heat-melting the sealing layer to join together
the respective peripheral portions of the front
substrate and the rear substrate.

39. A method of manufacturing an image display device
which is provided with an envelope having a front
substrate and a rear substrate opposed to each oth-
er and having respective peripheral portions thereof
joined together, the method comprising:

locating an electrically conductive sealing ma-
terial on the peripheral edge portion of at least
one of the front and rear substrates, thereby
forming a sealing layer;
preparing an electrode member provided with
a contact portion, a body portion extending from
the contact portion and having an outflow re-
straining portion situated higher than the con-
tact portion with respect to the vertical direction,
and a drain portion extending from the contact
portion and situated lower than the contact por-
tion with respect to the vertical direction;
attaching the electrode member to the at least
one of the front and rear substrates having the
sealing layer formed thereon with the body por-
tion and the drain portion extending outward
from the sealing layer and with the conduction
portion exposed or projecting to the outside,
thereby bringing the contact portion into elec-
trical contact with the sealing layer; and
energizing the sealing layer through the elec-
trode member with the front substrate and the
rear substrate opposed to each other, thereby
heat-melting the sealing layer, pressurizing the
front substrate and the rear substrate in a di-
rection such that the substrates approach each
other, thereby joining together the respective
peripheral portions of the front substrate and
the rear substrate with the melted sealing ma-
terial, and causing a surplus of the melted seal-
ing material to flow out through the drain portion
of the electrode member.

40. A method of manufacturing an image display device
which is provided with an envelope having a front
substrate and a rear substrate opposed to each oth-
er and having respective peripheral portions thereof

joined together, the method comprising:

locating an electrically conductive sealing ma-
terial between the respective peripheral edge
portions of the front substrate and the rear sub-
strate, thereby forming a sealing layer;
preparing an electrode member having a plu-
rality of contact portions arranged across gaps
through which the sealing material can flow out;
bringing the plurality of contact portions of the
electrode member individually into electrical
contact with the sealing layer; and
energizing the sealing layer through the elec-
trode member with the front substrate and the
rear substrate pressurized in a direction such
that the substrates approach each other, there-
by heat-melting the sealing layer, joining to-
gether the respective peripheral portions of the
front substrate and the rear substrate with the
melted sealing material, and causing a surplus
of the melted sealing material to flow out
through the gaps between the contact portions
of the electrode member.

41. A method manufacturing an image display device
which is provided with an envelope having a front
substrate and a rear substrate opposed to each oth-
er and having respective peripheral portions thereof
joined together, the method comprising:

locating an electrically conductive sealing ma-
terial between the respective peripheral edge
portions of the front substrate and the rear sub-
strate, thereby forming a sealing layer;
preparing a plurality of electrode members at
least parts of which are covered by an electri-
cally conductive material layer;
bringing the electrode members individually in-
to electrical contact with the sealing layer with
the electrically conductive material layer there-
between; and
energizing the sealing layer through the elec-
trode members to fuse the sealing material and
joining together the respective peripheral por-
tions of the front substrate and the rear sub-
strate.

42. A method manufacturing an image display device
according to claim 41, wherein the electrically con-
ductive material layer is formed by supplying the
electrically conductive material to the electrode
members while applying ultrasonic waves thereto.

43. A method of manufacturing an image display device
according to any one of claims 36 to 41, wherein a
frame-shaped sidewall is located between the re-
spective peripheral edge portions of the front sub-
strate and the rear substrate, the sealing layer is
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provided between the sidewall and at least one of
the front and rear substrates, and the sealing ma-
terial is fused by energizing the sealing layer with
the electrode members.

44. A method of manufacturing an image display device
according to any one of claims 36 to 41, wherein
the sealing material is a metal containing at least
one of elements including In, Sn, Pb, Ga and Bi.

45. A method of manufacturing an image display device
according to any one of claims 36 to 41, wherein
the temperature of the front substrate and the rear
substrate is set to be lower than the melting point
of the sealing material.

46. A method of manufacturing an image display device
according to any one of claims 36 to 41, wherein
the envelope is kept in a vacuum atmosphere as
the sealing layer is energized.

47. A method of manufacturing an image display device
according to any one of claims 36 to 41, wherein
the front substrate and the rear substrate are cooled
to a temperature lower than the melting point of the
sealing material with a vacuum atmosphere main-
tained after the substrates are heated to be de-
gassed in the vacuum atmosphere, heat-melting
only the sealing material by energizing the sealing
layer, and the sealing layer is cooled to be solidified
by stopping current supply to the sealing layer and
transmitting heat from the sealing layer to the front
substrate and the rear substrate.

48. A method of manufacturing an image display device
which is provided with an envelope having a front
substrate and a rear substrate opposed to each oth-
er and having respective peripheral portions thereof
joined together and a plurality of pixels provided in
the envelope, the method comprising:

locating an electrically conductive sealing ma-
terial on the peripheral portion of at least one
of the front and rear substrates, thereby forming
a sealing layer;
opposing the front substrate and the rear sub-
strate to each other with the sealing material
therebetween;
pressurizing at least one of the opposed front
and rear substrates in a direction such that the
front substrate and the rear substrate approach
each other, thereby holding at least a part of the
sealing material in contact between the respec-
tive peripheral portions of the front substrate
and the rear substrate; and
energizing the sealing layer in the pressurized
state by an electrode member, thereby heat-
melting the sealing material.

49. A method of manufacturing an image display device
according to claim 48, wherein sealing layers are
formed by locating electrically conductive sealing
materials individually on the peripheral portion of
the front substrate and the peripheral portion of the
rear substrate, and the sealing layers are energized
in a manner such that the sealing layers are at least
partially in contact with each other.

50. A method of manufacturing an image display device
which is provided with an envelope having a front
substrate and a rear substrate opposed to each oth-
er and having respective peripheral portions thereof
joined together with a sidewall therebetween and a
plurality of pixels provided in the envelope, the
method comprising:

locating an electrically conductive sealing ma-
terial on the sidewall and/or the peripheral por-
tion of at least one of the front and rear sub-
strates;
opposing the front substrate and the rear sub-
strate to each other with the sealing material
and the sidewall therebetween;
pressurizing at least one of the opposed front
and rear substrates in a direction such that the
front substrate and the rear substrate approach
each other, thereby holding at least a part of the
sealing material in contact between the side-
wall and the peripheral portion of the at least
one of the front and rear substrates; and
energizing the sealing layer in the pressurized
state by an electrode member, thereby heat-
melting the sealing material.

51. A method of manufacturing an image display device
according to claim 50, wherein sealing layers are
formed by locating electrically conductive sealing
materials individually on the sidewall and the pe-
ripheral portion of at least one of the front and rear
substrates, and the sealing layers are energized in
a manner such that the sealing layers are at least
partially in contact with each other.

52. A method of manufacturing an image display device
according to claim'48 or 51, wherein the electrode
member is sandwiched between the sealing layers
and the sealing material is energized through the
electrode member.

53. A method of manufacturing an image display device
which is provided with an envelope having a front
substrate and a rear substrate opposed to each oth-
er and having respective peripheral portions thereof
joined together and a plurality of pixels provided in
the envelope, the method comprising:

locating an electrically conductive sealing ma-
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terial individually on the respective peripheral
portions of the front and rear substrates, there-
by forming sealing layers;
opposing the front substrate and the rear sub-
strate to each other with the sealing layers ther-
ebetween;
welding together at least parts of the sealing
layers provided between the opposed front and
rear substrates; and
bringing an electrode member into contact with
the welded portions and energizing both'the
sealing layers through the electrode member,
thereby heat-melting the sealing material.

54. A method of manufacturing an image display device
which is provided with an envelope having a front
substrate and a rear substrate opposed to each oth-
er and having respective peripheral portions thereof
joined together, the method comprising:

locating an electrically conductive sealing ma-
terial on the peripheral edge portion of at least
one of the front and rear substrates, thereby
forming a sealing layer;
preparing an electrode member which is pro-
vided with an attachment portion attachable to
at least one of the front and rear substrates and
a contact portion capable of touching the seal-
ing layer;
attaching the electrode to the at least one of the
front and rear substrates with a gap kept be-
tween the contact portion and the sealing layer;
opposing the front substrate and the rear sub-
strate to each other without varying the gap be-
tween the contact portion and the sealing layer;
pressurizing the opposed front and rear sub-
strates in a direction such that the substrates
approach each other, thereby bringing the front
substrate and the rear substrate into contact
with each other with the sealing layer therebe-
tween and bringing the contact portion of the
electrode member into electrical contact with
the sealing layer; and
energizing the sealing layer in the pressurized
state through the electrode member, thereby
heat-melting the sealing layer and joining to-
gether the respective peripheral portions of the
front substrate and the rear substrate.

55. A method of manufacturing an image display device
which is provided with an envelope having a front
substrate and a rear substrate opposed to each oth-
er and having respective peripheral portions thereof
joined together, the method comprising:

locating an electrically conductive sealing ma-
terial on the peripheral edge portion of at least
one of the front and rear substrates, thereby

forming a sealing layer;
preparing an electrode member which is pro-
vided with an attachment portion attachable to
at least one of the front and rear substrates and
a contact portion capable of touching the seal-
ing layer;
attaching the electrode member to the front
substrate and the rear substrate with a gap kept
between the contact portion and the sealing
layer;
opposing the front substrate and the rear sub-
strate to each other without varying the gap be-
tween the contact portion and the sealing layer;
moving the opposed front and rear substrates
in a direction such that the substrates approach
each other, thereby bringing the contact portion
of the electrode member attached to the front
substrate into electrical contact with the sealing
layer of the rear substrate and bringing the con-
tact portion of the electrode member attached
to the rear substrate into electrical contact with
the sealing layer of the front substrate;
energizing the sealing layer through the elec-
trode member with the electrode member in
electrical contact with the sealing layer, thereby
heat-melting the sealing layer, and pressurizing
the opposed front and rear substrates in the
mutually approaching direction, thereby joining
together the respective peripheral portions of
the front substrate and the rear substrate.

56. A method of manufacturing an image display device
which is provided with an envelope having a front
substrate and a rear substrate opposed to each oth-
er and having respective peripheral portions thereof
joined together, the method comprising:

locating an electrically conductive sealing ma-
terial on the peripheral edge portion of at least
one of the front and rear substrates, thereby
forming a sealing layer;
preparing an electrode member which is pro-
vided with an attachment portion attachable to
at least one of the front and rear substrates and
a contact portion capable of touching the seal-
ing layer;
attaching the electrode member to the front
substrate or the rear substrate with a gap kept
between the contact portion and the sealing
layer;
opposing the front substrate and the rear sub-
strate to each other without varying the gap be-
tween the contact portion and the sealing layer;
moving the opposed front and rear substrates
in a direction such that the substrates approach
each other;
bringing the contact portion of the electrode
member into electrical contact with the sealing

57 58



EP 1 542 255 A1

32

5

10

15

20

25

30

35

40

45

50

55

layer; and
energizing the sealing layer through the elec-
trode member with the electrode member in
electrical contact with the sealing layer, thereby
heat-melting the sealing layer, and pressurizing
the opposed front and rear substrates in the
mutually approaching direction, thereby joining
together the respective peripheral portions of
the front substrate and the rear substrate.

57. A method of manufacturing an image display device
according to claim 54, wherein the opposed front
and rear substrates are pressurized in the mutually
approaching direction after the front substrate and
the rear substrate are heated so that an adsorbed
gas is released from the front substrate and the rear
substrate.

58. A method of manufacturing an image display device
according to claim 54, wherein the opposed front
and rear substrates are pressurized in the mutually
approaching direction after at least one of the front
and rear substrates is irradiated with electron
beams to be subjected to electron beam cleaning.

59. A method of manufacturing an image display device
according to claim 57, wherein the opposed front
and rear substrates are pressurized in the mutually
approaching direction after a getter film is formed
on the inner surface of the front substrate after the
adsorbed gas is released.

60. A method of manufacturing an image display device
according to claim 54, wherein the contact portion
of the electrode member is previously coated with
In or an alloy containing In.

61. A method of manufacturing an image display device
according to claim 54, wherein the attachment of
the electrode member has a clip-shaped nipping
portion capable of nipping the peripheral edge por-
tion of at least one of the front and rear substrates.

62. A method of manufacturing an image display device
according to claim 54, wherein the electrode mem-
ber has a body portion extending from the attach-
ment portion and a conduction portion, and the con-
tact portion extends from the body portion.

63. A method of manufacturing an image display device
according to any one of claims 48 to 62, wherein
the sealing material is a metal containing In, Sn, Pb,
Ga or Bi.

64. A method of manufacturing an image display device
according to any one of claims 48 to 62, wherein
the sealing layer is electrically heated in a vacuum
atmosphere.

65. A method of manufacturing an image display device
which is provided with an envelope having a front
substrate and a rear substrate opposed to each oth-
er and having respective peripheral portions thereof
joined together with a sealing layer therebetween
and a plurality of pixels provided in the envelope,
the method comprising:

locating an electrically conductive sealing ma-
terial along a peripheral edge portion of the in-
ner surface of at least one of the front and rear
substrates, thereby forming a sealing layer;
energizing the sealing layer through the elec-
trode member in electrical contact with the seal-
ing layer with the front substrate and the rear
substrate opposed to each other, thereby heat-
melting the sealing layer and joining together
the respective peripheral portions of the front
substrate and the rear substrate with the melted
sealing material; and
removing the electrode member after the join-
ing.

66. A method of manufacturing an image display device
according to claim 65, wherein the electrode mem-
ber is removed by cutting an interface between the
electrode member and the sealing layer by ultra-
sonic cutting.

67. A method of manufacturing an image display device
according to claim 66, wherein the electrode mem-
ber is removed by applying ultrasonic waves to the
electrode member to subject the interface between
the electrode member and the sealing layer to ul-
trasonic cutting.

68. A method of manufacturing an image display device
according to claim 65, wherein the electrode mem-
ber is removed with the sealing layer heated to be
softened or melted at a peripheral portion of the
electrode member after the front substrate and the
rear substrate are joined together.

69. A method of manufacturing an image display device
which is provided with an envelope having a front
substrate and a rear substrate opposed to each oth-
er and having respective peripheral portions thereof
joined together and a plurality of pixels provided in
the envelope, the method comprising:

locating an electrically conductive sealing ma-
terial along a peripheral edge portion of the in-
ner surface of at least one of the front and rear
substrates, thereby forming a sealing layer;
bringing the contact portion of the electrode
member into electrical contact with the sealing
layer;
energizing the sealing layer through the elec-
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trode member with the front substrate and the
rear substrate opposed to each other, thereby
heat-melting the sealing layer and joining to-
gether the respective peripheral portions of the
front substrate and the rear substrate with the
melted sealing material; and
cutting that part of the electrode member near
the contact portion in contact with the sealing
layer, thereby removing other parts of the elec-
trode member than the part near the contact
portion.

70. A method of manufacturing an image display device
according to claim 69, wherein the electrode mem-
ber is provided with an attachment portion attached
to at least one of the front and rear substrates and
a body portion extending from the attachment por-
tion to the contact portion, and the body portion and
the attachment portion are removed from the enve-
lope by cutting that part of the body portion near the
contact portion after the joining.

71. A method of manufacturing an image display device
which is provided with an envelope having a front
substrate and a rear substrate opposed to each oth-
er and having respective peripheral portions thereof
joined together and a plurality of pixels provided in
the envelope, the method comprising:

locating an electrically conductive sealing ma-
terial along a peripheral edge portion of the in-
ner surface of at least one of the front and rear
substrates;
energizing the sealing material through the
electrode member in electrical contact with the
sealing material with the front substrate and the
rear substrate opposed to each other, thereby
heat-melting the sealing material;
removing and separating the electrode mem-
ber from the sealing material with the sealing
material melted after the energization is fin-
ished; and
joining together the respective peripheral por-
tions of the front substrate and the rear sub-
strate with the melted sealing material.

72. A method of manufacturing an image display device
according to claim 71, wherein the electrode mem-
ber is brought into contact with the sealing material
immediately before the energization and is re-
moved and separated from the sealing material af-
ter the energization is finished.

73. A method of manufacturing an image display device
which is provided with an envelope having a front
substrate and a rear substrate opposed to each oth-
er and having respective peripheral portions thereof
joined together and a plurality of pixels provided in

the envelope, the method comprising:

locating an electrically conductive frame-
shaped member and a heat-meltable sealing
material along a peripheral edge portion of the
inner surface of at least one of the front and rear
substrates;
energizing the frame-shaped member through
the electrode member in electrical contact with
the frame-shaped member with the front sub-
strate and the rear substrate opposed to each
other, thereby heating the frame-shaped mem-
ber to melt the sealing material;
removing and separating the electrode mem-
ber from the frame-shaped member with the
sealing material melted after the energization
is finished; and
joining together the respective peripheral por-
tions of the front substrate and the rear sub-
strate with the melted sealing material.

74. A method of manufacturing an image display device
according to claim 73, wherein the electrode mem-
ber is brought into contact with the frame-shaped
member immediately before the energization and is
removed and separated from the frame-shaped
member after the energization is finished.

75. A method of manufacturing an image display device
according to claim 71 or 73, wherein the sealing ma-
terial is a metal containing at least one of elements
including In, Sn, Pb, Ga and Bi.

76. A manufacturing apparatus for an image display de-
vice which is provided with an envelope having a
front substrate and a rear substrate opposed to
each other and having respective peripheral por-
tions thereof joined together, a sealing layer con-
taining an electrically conductive material located
along a peripheral edge portion of the inner surface
of at least one of the front and rear substrates, and
a plurality of pixels provided in the envelope, the
manufacturing apparatus comprising:

an electrode member capable of coming into
electrical contact with the sealing layer;
a power source which supplies current through
the electrode member;
a holder which holds and fixes the electrode
member; and
a drive mechanism which moves the holder in
the in-plane direction of the front substrate or
the rear substrate.

77. A manufacturing apparatus for an image display de-
vice which is provided with an envelope having a
front substrate and a rear substrate opposed to
each other and having respective peripheral por-
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tions thereof joined together, a sealing layer con-
taining an electrically conductive material located
along a peripheral edge portion of the inner surface
of at least one of the front and rear substrates, and
a plurality of pixels provided in the envelope, the
manufacturing apparatus comprising:

a plurality of electrode members arranged for
electrical contact with the sealing layer;
a power source which supplies current to the
sealing layer through the electrode members;
and
a drive mechanism which drives the electrode
members in the in-plane direction of at least
one of the front and rear substrates.
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