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(54) METHOD AND APPARATUS FOR PRODUCING IMAGE DISPLAY DEVICE

(57) At least one substrate, a front substrate (11) or
a rear substrate, is opposed to a processing electrode
(34, 36) in a vacuum atmosphere, and an electric field
is applied between the at least one substrate and the
processing electrode (34, 36), whereby the substrate is
electric field-processed. After the electric field process-

ing, the front substrate (11) and the rear substrate kept
in the vacuum atmosphere are sealed together to form
an envelope. The electric field processing can remove
foreign matter, projections, etc. that are left on the sub-
strate, thereby eliminating causes of generation of elec-
tric discharge.
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Description

Technical Field

[0001] The present invention relates to a manufactur-
ing method and a manufacturing apparatus for an image
display device provided with a pair of substrates op-
posed to each other.

Background Art

[0002] In recent years, flat image display devices
have started to be developed as a next generation of
image display devices. In these devices, a large number
of electron emitting elements are arranged side by side
and opposite to a phosphor screen. There are electron
emitting elements of various types, all of which basically
use field emission. A display device that uses these
electron emitting elements is generally called a field
emission display (hereinafter referred to as FED).
Among FEDs, a device which uses surface-conduction
electron emitting elements is also called a surface-con-
duction electron emission display (hereinafter referred
to as SED). In the description hereof, however, the term
FED is used as a general term for the displays of this
type including SEDs.
[0003] An FED generally has a front substrate and a
rear substrate that are opposed to each other with a giv-
en gap between them. These substrates have their re-
spective peripheral edge portions joined together by a
sidewall in the form of a rectangular frame, thereby con-
stituting a vacuum envelope. The interior of the vacuum
envelope is kept at a high degree of vacuum of about
10-4 Pa or below. A plurality of support members are
arranged between the rear substrate and the front sub-
strate in order to support atmospheric load that acts on
these substrates.
[0004] A metal back and a phosphor screen, which
includes red, blue, and green phosphor layers, are
formed on the inner surface of the front substrate. A
large number of electron emitting elements for emitting
electrons that excite the phosphors to luminescence are
provided on the inner surface of the rear substrate. A
large number of scanning lines and signal lines are
formed in a matrix and connected to the electron emit-
ting elements, individually. A region in which these elec-
tron emitting elements are formed, as viewed macro-
scopically, is referred to as an electron emitting surface.
An anode voltage is applied to the phosphor screen, and
electron beams emitted from the electron emitting ele-
ments are accelerated by the anode voltage as they hit
the phosphor screen, thereby causing the phosphors to
glow and display a video image.
[0005] In the FED, a metal having gas adsorption
properties, called a getter, is vapor-deposited (for getter
flashing) on the metal back, in order to adsorb residual
gas in the envelope and gas that is released from the
substrates.

[0006] In the FED of this type, the gap between the
front substrate and the rear substrate can be set to about
1 to 3 mm. When compared with a cathode ray tube
(CRT) that is used as a display of an existing TV or com-
puter, therefore, the FED can be made much lighter in
weight and thinner.
[0007] In order to obtain practical display characteris-
tics with the FED described above, a CRT phosphor with
high luminous efficiency and good color purity should be
used in consideration of luminance, color reproducibility,
phosphor degradation, etc. Further, a thin aluminum film
called a metal back must be formed on the phosphor
screen. The anode voltage that is applied to the phos-
phor screen is expected to be set to several kV at the
least, and preferably to 10 kV or more.
[0008] These FEDs glow when electron beams hit the
phosphor. As this is done, plenty of released gas is pro-
duced and lowers the degree of vacuum in each FED,
thereby damaging the electron emitting elements that
are formed on the rear substrate. It is known, in conse-
quence, that the electron emission properties of the
electron emitting elements are degraded, luminance is
lowered, color reproducibility is decayed, and life is
shortened. If the luminance, a display characteristic, of
the FED is expected to be increased, more electron
beams must be emitted from the electron emitting ele-
ments, and this tendency develops.
Thus, it is hard to realize a long-life image display device
with excellent display performance.
[0009] To cope with this, the amount of released gas
in the FED as a finished product must be reduced. Con-
ventionally, a degassing effect is obtained by subjecting
the front substrate and the rear substrate to high-tem-
perature treatment before they become finished prod-
ucts. Since the high-temperature treatment is followed
by a time during which the front substrate and the rear
substrate are moved and detained in the open air, the
gas is then adsorbed again, so that a satisfactory effect
cannot be obtained.
[0010] In a method of absorbing the released gas in
the FED, moreover, Ti, Ba or other metal that has high
gas adsorption properties is located on the phosphor
screen of or around the front substrate and used to ad-
sorb the released gas, whereby the degree of vacuum
in the FED is maintained. However, these materials
have their respective allowable amounts of gas adsorp-
tion, and lose their efficacies for an amount of gas that
exceeds a certain value. Thus, it is hard to maintain the
properties for a prolonged time. Further, dust is pro-
duced in a sealing process for getter film formation, or
the getter film chips owing to insufficient adhesion
strength between the metal back and the getter film.
[0011] In consideration of resolution, electron emis-
sion efficiency, and other properties, on the other hand,
the gap between the front substrate and the rear sub-
strate cannot be made very large, and must be set to
about 1 to 3 mm. In the FED, therefore, a strong electric
field is inevitably formed in the small gap between the
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front substrate and the rear substrate, and electric dis-
charge (dielectric breakdown) between the two sub-
strates arouses a problem. If electric discharge occurs,
a current of 100A or more flows instantaneously, where-
upon the electron emitting elements and the phosphor
screen are broken or degraded. In some cases, electric
discharge may break a driver circuit for operating the
FED. These troubles will be referred to collectively as
discharge-derived damages.
[0012] The discharge-derived damages cause fatal
failures, such as a loss of information caused by the gen-
eration of non-display regions, lowering of luminance
and color reproducibility, and degradation of display per-
formance attributable to the degraded electron emitting
elements, and naturally shorten the life of the image dis-
play device. In order to put the FED into practical use,
therefore, these damages must be prevented for a long
period of time. However, it is very difficult to suppress
electric discharge completely.
[0013] On the other hand, there is a countermeasure
not to prevent electric discharge but to suppress the
scale of electric discharge, if any, so that the influence
of the electric discharge on the electron emitting ele-
ments can be ignored. A technique associated with this
concept is described in Jpn. Pat. Appln. KOKAI Publi-
cation No. 2000-311642, for example. According to this
technique, a metal back on a phosphor screen is
notched to form a pattern, such as a zigzag pattern,
whereby the effective inductance and resistance of the
phosphor screen are enhanced. A technique for dividing
the metal back is described in Jpn. Pat. Appln. KOKAI
Publication No. 10-326583. Described in Jpn. Pat. Ap-
pln. KOKAI Publication No. 2000-251797, moreover, is
a technique in which divided sections are provided with
a coating of an electrically conductive material in order
to suppress creeping discharge at the divided sections.
[0014] Even if these techniques are used, however, it
is hard completely to suppress the discharge-derived
damages.
[0015] In general, voltage (hereinafter referred to as
discharge voltage) that is produced by electric dis-
charge is subject to variation. In some cases, electric
discharge may occur after prolonged use of the FED.
Suppressing electric discharge implies completely ar-
resting electric discharge when the anode voltage is ap-
plied or lowering the probability of electric discharge to
a practically allowable degree. An applicable anode-
cathode potential difference will be referred to as with-
stand voltage.
[0016] There are various factors that cause electric
discharge. A first triggering factor is emission of elec-
trons from fine projections, foreign matter, etc. on the
cathode side. A second triggering factor is collision of
particulates that adhere to the cathode or anode or their
partial exfoliations on opposite surfaces. In the FED, in
particular, the metal back, a fragile film, and the getter
film are lapped on the phosphor screen, so that their par-
tial detachment may possibly trigger electric discharge.

[0017] Further, the getter film is formed as a vapor-
deposited film on the metal back in a manner such that
Ba, Ti or other metal that has high gas adsorption prop-
erties is fixed to a metal that serves as a base of the
getter and the metal base is heated. As this is done, a
part of the metal base and a part of the getter electrode
may possibly melt in a vapor deposition process, in
which the metal base is heated, and fall onto the front
substrate and the rear substrate.
They constitute sources of electric discharge that en-
hance electric discharge.
[0018] A method called conditioning is a well-known
technique for improving withstand voltage. This method
is described on page 302 of Electric Discharge Hand-
book (Ohmsha, Ltd., 1998), for example. In this method,
a potential difference is applied between the opposite
surfaces to improve the withstand voltage. It may cause
electric discharge in some cases, and may not in other
cases. In a strict sense, spark conditioning that causes
electric discharge (spark) sometimes may be called
conditioning. The details of the mechanism in which the
withstand voltage is improved by the spark conditioning
are unknown. However, the withstand voltage is sup-
posed to be improved because sources of electric dis-
charge, such as fine projections, foreign matter, etc., are
melted and removed by electric discharge or because
adhering particulates are removed by an electric field.
[0019] For example, a CRT is generally subjected to
processing such that a pulse voltage about four times
as high as an operating voltage is applied between elec-
trodes of an electron gun, thereby causing electric dis-
charge a thousand times. This is equivalent to the spark
conditioning.
[0020] If the FED is subjected to such spark condition-
ing, however, the phosphor screen or electron emitting
elements are broken or degraded inevitably. Therefore,
this method cannot be simply applied to the FED.
[0021] Other measures to improve withstand voltage
than the conditioning may include optimization of the
material, construction, and manufacturing processes,
cleaning of the manufacturing environment, washing, air
blowing, etc. However, it is difficult for only these coun-
termeasures to raise the withstand voltage to a desired
value, so that there is an urgent demand for more effec-
tive measures to improve the withstand voltage. Also in
view of cost reduction, moreover, it is not desirable to
increase the cleanness to a very high degree or thor-
oughly remove particulates.

Disclosure of Invention

[0022] For the FED, as described above, mainte-
nance of a high internal vacuum and a measure to coun-
ter electric discharge are essential considerations. Al-
though high-temperature baking is carried out in a vac-
uum to degas a structure such as a phosphor screen,
therefore, it is hard to obtain a satisfactory degassing
effect. If an anode voltage as an operating voltage is
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lowered or if a gap between a front substrate and a rear
substrate is increased, in order to prevent occurrence
of electric discharge, luminance, resolution, and other
performances must inevitably be sacrificed. It is difficult,
therefore, to fulfill desired performance requirements for
the product. Since the FED is sealed in a vacuum at-
mosphere, there is no means for removing foreign mat-
ter that adheres to the front substrate and the rear sub-
strate as they are put into a vacuum tank or dust that is
produced by getter flashing.
[0023] The present invention has been made in order
to solve these problems, and its object is to provide a
manufacturing method and a manufacturing apparatus
for an image display device, capable of manufacturing
an image display device that enjoys high voltage resist-
ance and outstanding display performance and reliabil-
ity.
[0024] In order to achieve the object, according to an
aspect of the present invention, there is provided a
method of manufacturing an image display device,
which has a front substrate having a phosphor screen
formed thereon and a rear substrate provided with a plu-
rality of electron emitting elements, the method compris-
ing: opposing at least one of the front and rear sub-
strates to a processing electrode in a vacuum atmos-
phere and applying an electric field between the at least
one substrate and the processing electrode, thereby
electric field processing the at least one substrate; and
sealing together the front substrate and the rear sub-
strate kept in the vacuum atmosphere after the electric
field processing.
[0025] According to another aspect of the invention,
there is provided a method of manufacturing an image
display device, which has a front substrate having a
phosphor screen formed thereon and a rear substrate
provided with a plurality of electron emitting elements,
the method comprising: opposing the front substrate
and a processing electrode having an aperture portion
to each other in a vacuum atmosphere and applying an
electric field between the front substrate and the
processing electrode, thereby electric field processing
the front substrate; and sealing together the front sub-
strate and the rear substrate kept in the vacuum atmos-
phere after the electric field processing.
[0026] According to an aspect of the invention, there
is provided an apparatus for manufacturing an image
display device, which has a front substrate having a
phosphor screen formed thereon and a rear substrate
provided with a plurality of electron emitting elements,
the apparatus comprising: a vacuum chamber of which
the interior is kept in a vacuum and which stores at least
one of the front and rear substrates; a processing elec-
trode located opposite to the at least one substrate in
the vacuum chamber; an electric field applying section
which applies an electric field between the at least one
substrate and the processing electrode; and a getter de-
vice which is provided in the vacuum chamber and forms
a getter film on the at least one substrate.

[0027] According to another aspect of the invention,
there is provided an apparatus for manufacturing an im-
age display device, which has a front substrate having
a phosphor screen formed thereon and a rear substrate
provided with a plurality of electron emitting elements,
the apparatus comprising: a vacuum chamber of which
the interior is kept in a vacuum and which can store the
front substrate; a processing electrode located opposite
to the front substrate in the vacuum chamber; and an
electric field applying section which applies an electric
field between the front substrate and the processing
electrode.
[0028] According to the method and the apparatus for
manufacturing the image display device arranged in this
manner, an electric field is applied to the substrate and
the processing electrode located opposite to the sub-
strate in the vacuum atmosphere, whereby electric field
processing is effected. By doing this, foreign matter, pro-
jections, etc. that are left on the substrate can be re-
moved to eliminate causes of generation of electric dis-
charge. Thus, the image display device can be manu-
factured ensuring outstanding withstand voltage char-
acteristics and improved display performance and reli-
ability.

Brief Description of Drawings

[0029]

FIG. 1 is a perspective view showing an example of
an FED manufactured by a manufacturing method
and a manufacturing apparatus according to a first
embodiment of this invention;
FIG. 2 is a sectional view of the FED taken along
line II-II of FIG. 1;
FIG. 3 is a sectional view schematically showing the
manufacturing method and the manufacturing ap-
paratus according to the first embodiment of the
present invention;
FIG. 4 is a sectional view schematically showing a
manufacturing method and a manufacturing appa-
ratus according to a second embodiment of the
present invention;
FIG. 5 is a sectional view schematically showing a
manufacturing method and a manufacturing appa-
ratus according to a third embodiment of the
present invention;
FIG. 6 is a sectional view schematically showing a
manufacturing method and a manufacturing appa-
ratus according to a fourth embodiment of the
present invention;
FIG. 7 is a sectional view schematically showing a
manufacturing method and a manufacturing appa-
ratus according to a fifth embodiment of the present
invention;
FIG. 8 is a sectional view schematically showing a
manufacturing method and a manufacturing appa-
ratus according to a sixth embodiment of the

5 6



EP 1 544 890 A1

5

5

10

15

20

25

30

35

40

45

50

55

present invention;
FIG. 9 is a sectional view schematically showing a
manufacturing method and a manufacturing appa-
ratus according to a seventh embodiment of the
present invention; and
FIG. 10 is a sectional view schematically showing
a manufacturing method and a manufacturing ap-
paratus according to an eighth embodiment of the
present invention.

Best Mode for Carrying Out the Invention

[0030] Methods and apparatuses for manufacturing
image display devices according to embodiments of this
invention will now be described in detail with reference
to the drawings.
[0031] First, an FED that is provided with surface-con-
duction electron emitting elements will be described as
an example of an image display device that is manufac-
tured by the manufacturing method and the manufactur-
ing apparatus.
[0032] As shown in FIGS. 1 and 2, this FED comprises
a front substrate 11 and a rear substrate 12, which are
each formed of a rectangular glass plate as an insulating
substrate having a thickness of about 1 to 3 mm. These
substrates are opposed to each other with a gap of
about 1 to 2 mm between them. The front substrate 11
and the rear substrate 12 have their respective periph-
eral edge portions joined together by a sidewall 13 in
the form of a rectangular frame, and constitute a flat,
rectangular vacuum envelope 10 that is internally kept
in a high vacuum of about 10-4 Pa.
[0033] In order to support atmospheric load that acts
on the front substrate 11 and the rear substrate 12, a
plurality of spacers 14 are provided in the vacuum en-
velope 10. Sheetlike or columnar spacers or the like may
be used as the spacers 14.
[0034] A phosphor screen 15 is formed as a phosphor
screen on the inner surface of the front substrate 11. It
has red, green, and blue stripe-shaped phosphor layers
16 and a matrix-shaped black light absorbing layer 17.
The phosphor layers 16 may alternatively be dot-
shaped. A metal back 20, which is formed of an alumi-
num film or the like, is formed on the phosphor screen
15, and moreover, a getter film 22 is lapped on the metal
back.
[0035] A large number of surface-conduction electron
emitting elements 18 that individually emit electron
beams are provided on the inner surface of the rear sub-
strate 12. They serve as electron sources that excite the
phosphor layers 16 of the phosphor screen 15. These
electron emitting elements 18 are arranged in a plurality
of columns and a plurality of rows corresponding indi-
vidually to pixels. Each electron emitting element 18 in-
cludes an electron emitting portion (not shown), a pair
of electrodes that apply voltage to the electron emitting
portion, etc. A large number of wires 21 for supplying
potential to the electron emitting elements 18 are ar-

ranged in a matrix on the inner surface of the rear sub-
strate 12, and their respective end portions are drawn
out of the vacuum envelope 10.
[0036] In displaying an image on the FED of this type,
an anode voltage is applied to the phosphor screen 15
and the metal back 20, and electron beams emitted from
the electron emitting elements 18 are accelerated by the
anode voltage as they hit the phosphor screen. There-
upon, the phosphor layers 16 of the phosphor screen
15 are excited to glow and display a color image.
[0037] The following is a description of the manufac-
turing apparatus and the manufacturing method for the
FED constructed in this manner. As shown in FIG. 3, the
manufacturing apparatus is provided with a vacuum
chamber 30 that is formed of a vacuum processing tank,
and the vacuum chamber is connected with an exhaust
pump 32 that evacuates its interior.
[0038] A first processing electrode 34, second
processing electrode 36, and getter device 38 are dis-
posed in the vacuum chamber 30. The first and second
processing electrodes 34 and 36 are formed each in the
shape of a plate that is substantially equal in size to the
substrate to be processed. The first and second
processing electrodes 34 and 36 are arranged substan-
tially horizontally and with a gap between them. The first
and second processing electrodes 34 and 36 are indi-
vidually connected to the ground potential.
[0039] A getter vapor deposition position 40 is defined
between the first and second processing electrodes 34
and 36, and the getter device 38 is located under the
getter vapor deposition position 40. The getter device
38 comprises a cover 42 that opens toward the getter
vapor deposition position 40, a getter material 44 pro-
vided on a bottom part in the cover, and a heating mech-
anism 45 for heating the getter material. A heating
mechanism of the high-frequency heating type or resist-
ance heating type may be used as the heating mecha-
nism 45.
[0040] The manufacturing apparatus is provided with
a power source 46 and a substrate transportation mech-
anism (not shown). The power source 46 applies volt-
age to the substrate to be processed. In the vacuum
chamber 30, the substrate transportation mechanism
transports the substrate between a first electric field
processing position where the substrate faces the first
processing electrode 34 and a second electric field
processing position where it faces the getter vapor dep-
osition position 40 and the second processing electrode
36.
[0041] The following is a description of a method of
processing the substrate by the manufacturing appara-
tus. In the case described below, the substrate to be
processed is the front substrate 11 on which the phos-
phor screen 15 and the metal back 20 are formed.
[0042] First, as shown in FIG. 3, the interior of the vac-
uum chamber 30 is evacuated to a desired degree of
vacuum by the exhaust pump 32, whereupon a vacuum
atmosphere is formed in the vacuum chamber. Subse-
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quently, the front substrate 11 is carried into the vacuum
chamber 30 and set in the first electric field processing
position. In this first electric field processing position, the
entire surface of the front substrate 11 on the side of the
metal back 20 is opposed to the first processing elec-
trode 34 with a desired gap between them.
[0043] Then, the power source 46 that serves as an
electric field applying section is connected electrically
to the metal back 20, and voltage is applied from the
power source 46 to the metal back.
The voltage applied to the metal back 20 is set so that
a positive or negative potential difference is caused be-
tween the metal back and the first processing electrode
34. Thereupon, an electric field is generated between
the front substrate 11 and the first processing electrode
34, and the front substrate 11 is field-processed. By this
electric field processing, foreign matter, such as dust,
having so far been left on the front substrate 11 is ad-
sorbed and removed by the first processing electrode
34, and useless projections and the like that are formed
in the process of production of the front substrate are
removed.
[0044] After the electric field processing is completed,
the front substrate 11 is transported to the getter vapor
deposition position 40 without failing to keep the poten-
tial difference and the space between the first process-
ing electrode 34 and the front substrate. By maintaining
the potential difference in this manner, the foreign matter
adsorbed by the first processing electrode 34 or the re-
moved projections can be held on the first processing
electrode lest they adhere again to the front substrate
11.
[0045] In the getter vapor deposition position 40, the
front substrate 11 faces a top opening of the cover 42
of the getter device 38 with its surface on the side of the
metal back 20 downward. In this state, the getter mate-
rial 44 on the bottom part of the cover 42 is heated to
be vaporized by the heating mechanism 45, whereby
getter flashing is performed. In this manner, the getter
is vapor-deposited to form the getter film 22 on the metal
back 20 of the front substrate 11.
If the getter flashing is effected from bottom to top using
the getter material 44 that is situated below the front sub-
strate 11, dust or the like that is produced by the getter
flashing can be prevented from adhering to the front
substrate 11.
[0046] After the getter film 22 is formed, the front sub-
strate 11 is transported from the getter vapor deposition
position 40 to the second electric field processing posi-
tion without disconnecting the power source 46. In the
second electric field processing position, the entire sur-
face of the front substrate 11 on the side of the getter
film 22 is opposed to the second processing electrode
36 with a desired gap between them.
[0047] Subsequently, voltage is applied from the pow-
er source 46 to the metal back 20 and the getter film 22.
The applied voltage is set so that a positive or negative
potential difference is caused between the front sub-

strate 11 and the second processing electrode 36.
Thereupon, an electric field is generated between the
front substrate 11 and the second processing electrode
36, and the front substrate 11 is field-processed again.
By the electric field processing, foreign matter, such as
dust, adhering to the front substrate, including dust that
is produced in the getter vapor deposition process or
suspended matter in the vacuum chamber 30, is ad-
sorbed and removed by the second processing elec-
trode 36, and useless projections and the like that are
formed on the front substrate in the getter vapor depo-
sition process are removed.
[0048] Thereafter, the front substrate 11 is moved
away from the second processing electrode 36 without
failing to keep the potential difference between the front
substrate 11 and the second processing electrode 36
and the distance from the processing electrode 34. On
the other hand, the rear substrate 12, on which the wires
21, electron emitting elements 18, etc. are formed, is
electric field-processed by the same aforesaid process-
es except the getter vapor deposition.
However, the rear substrate 12 must only be electric
field-processed at least once.
[0049] The electric field-processed front and rear sub-
strates 11 and 12 are transported to a sealing position
(not shown) in a manner such that they are kept in a
vacuum atmosphere without being exposed to the open
air, and are then sealed together to form the vacuum
envelope 10. Thereupon, the vacuum envelope of the
FED is completed. The substrates may be sealed either
in the same vacuum chamber as the vacuum chamber
30 for the aforesaid electric field processing or in anoth-
er vacuum chamber that communicates with the vacu-
um chamber 30 in a vacuum state.
[0050] According to the manufacturing method and
the manufacturing apparatus arranged in this manner,
dust or other foreign matter adhering to the front sub-
strate 11 and the rear substrate 12 before the substrates
are put into the vacuum chamber, and useless projec-
tions and the like that are formed in the process of pro-
duction of the front substrate and the rear substrate can
be removed, moreover, foreign matter, such as dust, ad-
hering to the substrates, including dust that is produced
in the getter vapor deposition process or suspended
matter in the vacuum chamber, can be removed. Ac-
cordingly, factors that trigger generation of electric dis-
charge can be removed, so that the FED with improved
withstand voltage characteristics can be obtained. After
the electric field processing of the front substrate and
the rear substrate and the getter vapor deposition proc-
ess are carried out in the vacuum chamber, in particular,
the vacuum envelope is formed by sealing these sub-
strates together without exposing them to the open air.
Thus, suppression of initial electric discharge and pro-
longed electric discharge can be realized without the
possibility of dust or the like in the open air adhering
again to the substrates.
[0051] In consequence, breakdown and degradation
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of a phosphor screen and electron emitting elements
and breakdown of a driver circuit can be prevented from
being caused by electric discharge, so that the reliability
and life performance of the FED can be improved. At
the same time, the anode potential can be set higher,
so that the FED can be obtained having high luminance
and high display performance.
[0052] According to the first embodiment described
above, the processing electrodes are provided individ-
ually before and behind the getter device 38. As in a
second embodiment shown in FIG. 4, however, they
may be replaced with a single processing electrode with
the same result. After a front substrate 11 is electric field-
processed by a processing electrode 34, in this case,
the front substrate is transported to the getter vapor dep-
osition position 40 to be subjected to getter vapor dep-
osition. Thereafter, the front substrate 11 is returned to
the position where it faces the processing electrode 34
again, and the electric field processing is performed.
[0053] Functions and effects similar to those of the
foregoing first embodiment can be obtained with this ar-
rangement, and the manufacturing apparatus can be
simplified.
[0054] As in a third embodiment shown in FIG. 5, only
one processing electrode 34 may be used so that a front
substrate 11 can be transported to an electric field
processing position where it faces the processing elec-
trode 34, to be field-processed, only after a getter film
is formed. Also in this case, the getter film 22 that is fi-
nally exposed in a vacuum envelope and faces a rear
substrate 12 is electric field-processed, whereby dust or
other foreign matter adhering to the getter film and use-
less projections and the like that are formed in the man-
ufacturing process can be removed. In consequence,
the withstand voltage characteristics of an FED can be
fully improved.
[0055] Alternatively, only one processing electrode
may be used so that electric field processing is per-
formed only before the getter film is vapor-deposited.
Also in this case, the withstand voltage characteristics
can be improved.
[0056] In the embodiments described above, moreo-
ver, dust that is produced by getter flashing is restrained
from adhering to a substrate by effecting the getter flash-
ing from bottom to top using a getter material that is sit-
uated below the substrate. As in a fourth embodiment
shown in FIG. 6, however, a getter device 38 that in-
cludes a getter material 44 may be located above the
substrate to be processed so that the getter flashing can
be effected from top to bottom. It is to be understood
that the getter flashing is not limited to a vertical direction
and may be performed in any other direction.
[0057] As in a fifth embodiment shown in FIG. 7, volt-
age may be applied from a power source 46 to the
processing electrodes 34 and 36 themselves with the
substrate side kept at the ground potential as the electric
field processing is performed. According to this arrange-
ment, high voltage can be applied, so that the effect of

the electric field processing can be enhanced.
If a negative potential is applied to the processing elec-
trodes 34 and 36, for example, then it can be believed
that a positive potential is applied to a front substrate 11
or a rear substrate 12. Accordingly, there is a merit that
effects similar to those of the foregoing embodiments
can be obtained and high voltage can be applied. It is
to be understood that the same effects can be also ob-
tained if a positive potential is applied to the processing
electrodes.
[0058] Other configurations of the second to fifth em-
bodiments 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.
[0059] The following is a description of a manufactur-
ing apparatus and a manufacturing method for an FED
according to a sixth embodiment of this invention.
As shown in FIG. 8, the manufacturing apparatus is pro-
vided with a vacuum chamber 30 that is formed of a vac-
uum processing tank, and the vacuum chamber is con-
nected with an exhaust pump 32 that evacuates its in-
terior.
[0060] A getter device 38 for forming a getter film is
located in the vacuum chamber 30. The getter device
38 comprises a substantially box-shaped cover 42 that
has an opening 37 at its lower end. A getter material 44
is provided on a ceiling wall in the cover 42 and faces
the opening 37. Further, the getter device 38 is provided
with a heating mechanism 45 for heating the getter ma-
terial 44. A heating mechanism of the high-frequency
heating type or resistance heating type may be used as
the heating mechanism 45.
[0061] The opening 37 of the cover 42 is formed hav-
ing a size substantially equal to that of a substrate to be
processed. A processing electrode 34 is provided so as
to cover the opening 37 and attached to the cover 42.
A large number of through holes for the passage of the
getter are formed covering the whole processing elec-
trode 34 and constitute an aperture portion.
[0062] The manufacturing apparatus comprises a
power source 46 and a substrate transportation mech-
anism (not shown). The power source 46 applies volt-
age to the substrate to be processed. In the vacuum
chamber 30, the substrate transportation mechanism
transports the substrate to a processing position, that
is, electric field processing position and a getter vapor
deposition position, where the substrate faces the
processing electrode 34.
[0063] When the processed substrate is located in the
processing position where it faces the processing elec-
trode 34, the space between the getter material 44 and
the processing electrode is set wider than the space be-
tween the processing electrode and the processed sub-
strate.
[0064] The following is a description of a method of
processing the substrate by the aforesaid manufactur-
ing apparatus. In the case described below, the sub-
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strate to be processed is a front substrate 11 on which
a phosphor screen 15 and a metal back 20 are formed.
[0065] First, as shown in FIG. 8, the interior of the vac-
uum chamber 30 is evacuated to a desired degree of
vacuum by the exhaust pump 32, whereupon a vacuum
atmosphere is formed in the vacuum chamber. Subse-
quently, the front substrate 11 is carried into the vacuum
chamber 30 and set in the processing position illustrat-
ed. In the processing position, the entire surface of the
front substrate 11 on the side of the metal back 20 is
opposed to the processing electrode 34 with a desired
gap between them.
[0066] Then, the power source 46 that serves as an
electric field applying section is connected electrically
to the metal back 20, and voltage is applied from the
power source 46 to the metal back. When this is done,
the processing electrode 34 is connected to the ground
potential. The voltage applied to the metal back 20 is
set so that a positive or negative potential difference is
caused between the metal back and the processing
electrode 34. Thereupon, an electric field is generated
between the front substrate 11 and the processing elec-
trode 34, and the front substrate 11 is electric field-proc-
essed. By this electric field processing, foreign matter,
such as dust, having so far been left on the front sub-
strate 11 is adsorbed and removed by the processing
electrode 34, and useless projections and the like that
are formed in the process of production of the front sub-
strate are removed.
[0067] After the electric field processing is completed,
the front substrate 11 is moved to a position where it
never faces the processing electrode 34 without failing
to keep the potential difference between the processing
electrode 34 and the front substrate 11. Accordingly, the
foreign matter adsorbed by the processing electrode 34
or the removed projections can be held on the process-
ing electrode lest the foreign matter or the removed pro-
jections fall onto and adhere again to the front substrate
11. When no potential difference is given after the elec-
tric field processing, moreover, the foreign matter, pro-
jections, etc. that are adsorbed by the processing elec-
trode 34 or removed fall into the vacuum chamber 30,
not onto the front substrate 11. Thus, the foreign matter
or removed projections can be prevented from falling
onto the substrate when the substrate is transported
again.
[0068] Then, the entire surface of the front substrate
11 on the side of the metal back 20 is opposed again to
the processing electrode 34 with the desired gap be-
tween them. The getter material 44 on the ceiling wall
of the cover 42 is heated to be vaporized by the heating
mechanism 45, whereby getter flashing is performed. In
this manner, a part of the getter is vapor-deposited on
that region of the processing electrode 34 in which no
through holes are formed, thereby forming a getter film
50. The remaining part of the getter passes through the
through holes of the processing electrode 34, and is va-
por-deposited on the metal back 20 of the front substrate

11 to form a getter film 22.
[0069] When this is done, the space between the front
substrate 11 and the processing electrode 34 is set
smaller than the space between the processing elec-
trode and the getter material 44. The conductance be-
tween the front substrate 11 and the processing elec-
trode 34 is smaller than the conductance between the
processing electrode and the getter material 44. There-
fore, gas that is released from the getter material 44 dur-
ing the getter flashing first passes through the process-
ing electrode 34 and is adsorbed by the getter film 50
on this processing electrode without reaching the front
substrate 11. Thus, the getter film 22 on the front sub-
strate 11 can never be degraded by the gas.
[0070] After the getter film 22 is formed, voltage is ap-
plied from the power source 46 to the metal back 20 and
the getter film 22. The applied voltage is set so that a
positive or negative potential difference is caused be-
tween the front substrate 11 and the processing elec-
trode 34. Thereupon, an electric field is generated be-
tween the front substrate 11 and the processing elec-
trode 34, and the front substrate 11 is field-processed
again. By the electric field processing, foreign matter,
such as dust, adhering to the front substrate 11, includ-
ing dust that is produced in a getter vapor deposition
process or suspended matter in the vacuum chamber
30, is adsorbed and removed by the processing elec-
trode 34, and useless projections and the like that are
formed on the front substrate in the getter vapor depo-
sition process are removed.
[0071] Thereafter, the front substrate 11 is moved to
a position where it never faces the processing electrode
34 without failing to keep the potential difference be-
tween the front substrate 11 and the processing elec-
trode 34. Thereupon, the electric field processing of the
front substrate 11 and the getter film formation are fin-
ished.
[0072] On the other hand, the rear substrate 12, on
which the wires 21, electron emitting elements 18, etc.
are formed, is electric field-processed by the same
aforesaid processes except the getter vapor deposition.
However, the rear substrate 12 must only be electric
field-processed at least once.
[0073] The electric field-processed front and rear sub-
strates 11 and 12 are transported to a sealing position
(not shown) in a manner such that they are kept in a
vacuum atmosphere without being exposed to the open
air, and are then sealed together to form a vacuum en-
velope 10. Thereupon, the vacuum envelope of an FED
is completed. The substrates may be sealed either in
the same vacuum chamber as the vacuum chamber 30
for the aforesaid electric field processing or in another
vacuum chamber that communicates with the vacuum
chamber 30 in a vacuum state.
[0074] According to the manufacturing method and
the manufacturing apparatus arranged in this manner,
dust or other foreign matter adhering to the front sub-
strate 11 and the rear substrate 12 and useless projec-
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tions and the like that are formed in the process of pro-
duction of the front substrate and the rear substrate can
be removed by electric field processing before the sub-
strates are put into the vacuum chamber. After these
substrates are put into the vacuum chamber, moreover,
foreign matter, such as dust, adhering to the substrates,
including dust that is produced in the getter vapor dep-
osition process or suspended matter in the vacuum
chamber, can be removed by electric field processing.
Accordingly, factors that trigger generation of electric
discharge can be eliminated, so that the FED with im-
proved withstand voltage characteristics can be ob-
tained. After the electric field processing of the front sub-
strate and the rear substrate and the getter vapor dep-
osition process are carried out in the vacuum chamber,
in particular, the vacuum envelope is formed without ex-
posing these substrates to the open air. By doing this,
suppression of initial electric discharge and prolonged
electric discharge can be realized without the possibility
of dust or the like in the open air adhering again to the
substrates.
[0075] In consequence, breakdown and degradation
of a phosphor screen and electron emitting elements
and breakdown of a driver circuit can be prevented from
being caused by electric discharge, so that the reliability
and life performance of the FED can be improved. At
the same time, the anode potential can be set higher,
so that the FED can be obtained having high luminance
and high display performance. Further, the gas adsorp-
tion properties of the getter film on the front substrate
11 can be prevented from lowering, so that a high de-
gree of vacuum can be maintained for a prolonged time
to ensure production of a long-life product.
[0076] Owing to the presence of the aperture portion
in the processing electrode, moreover, the electric field
processing and the getter film vapor deposition can be
carried out with the processed substrate held in the
same position. Thus, the processing processes and the
manufacturing apparatus can be simplified. The getter
film is also formed on that region of the processing elec-
trode which is not provided with the aperture portion, so
that the gas that is generated during the getter flashing
can be adsorbed by the getter film.
In consequence, the getter film formed on the front sub-
strate can maintain its high gas adsorption properties
without being degraded.
[0077] According to the sixth embodiment described
above, the electric field processing is performed twice
before and after the vapor deposition of the getter film.
Alternatively, however, the electric field processing of
the front substrate 11 may be performed only after the
getter film is formed. Also in this case, the getter film 22
that is finally exposed in the vacuum envelope and faces
the rear substrate 12 is electric field-processed, where-
by dust or other foreign matter adhering to the getter film
and useless projections and the like that are formed in
the manufacturing process can be removed. In conse-
quence, the withstand voltage characteristics of the

FED can be fully improved, and functions and effects
similar to those of the foregoing embodiments can be
obtained. Alternatively, the electric field processing may
be performed only before the vapor deposition of the
getter film. Also in this case, the withstand voltage char-
acteristics can be improved.
[0078] In the sixth embodiment described above, the
getter flashing is effected from top to bottom using the
getter material 44 that is located above the processed
substrate. As in a seventh embodiment shown in FIG.
9, however, a getter material 44 may be located below
a processed substrate so that getter flashing is per-
formed from bottom to top. In this case, adhesion of dust
that is produced by the getter flashing to the substrate
can be reduced more securely. It is to be understood
that the getter flashing is not limited to a vertical direction
and may be performed in any other direction.
[0079] According to an eighth embodiment shown in
FIG. 10, a processing electrode 34 is supported floating
over a cover 42 by an insulating member, such as an
insulator 60. A power source 46 is connected electrically
to the processing electrode 34, and a metal back of a
front substrate 11 is connected to the ground potential.
According to this arrangement, high voltage can be ap-
plied to the processing electrode 34 itself, so that the
effect of electric field processing can be enhanced. If a
negative potential is applied to the processing electrode
34, for example, then it can be believed that a positive
potential is applied to a front substrate 11 or a rear sub-
strate 12. Accordingly, there is a merit that effects similar
to those of the foregoing embodiments can be obtained
and high voltage can be applied. It is to be understood
that the same effects can be also obtained if a positive
potential is applied to the processing electrode 34.
[0080] Other configurations of the seventh and eighth
embodiments are the same as those of the foregoing
sixth embodiment, so that like reference numerals are
used to designate like portions, and a detailed descrip-
tion of those portions is omitted.
[0081] This invention is not limited to the embodi-
ments described above, and various modifications may
be effected therein without departing from the scope of
the invention. In the foregoing embodiments, for exam-
ple, the processing electrodes are formed having sub-
stantially the same shape as the substrate to be proc-
essed. Alternatively, however, a processing electrode
that is smaller in size than the substrate may be used
so that the entire surface of the substrate can be electric
field-processed by relatively moving the processing
electrode and the substrate.
[0082] In the foregoing embodiments, moreover, both
the front substrate and the rear substrate are electric
field-processed in a vacuum atmosphere. Alternatively,
however, an image display device with improved with-
stand voltage characteristics can be also obtained by
electric field processing at least one of the substrates.
This invention may be also applied to any other image
display devices than FEDS.
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Industrial Applicability

[0083] According to the present invention, as de-
scribed above, there may be provided a manufacturing
method and a manufacturing apparatus capable of man-
ufacturing a high-performance image display device
that enjoys long life, outstanding withstand voltage char-
acteristics, and improved reliability.

Claims

1. A method of manufacturing an image display de-
vice, which has a front substrate having a phosphor
screen formed thereon and a rear substrate provid-
ed with a plurality of electron emitting elements, the
method comprising:

opposing at least one of the front and rear sub-
strates to a processing electrode in a vacuum
atmosphere and applying an electric field be-
tween the at least one substrate and the
processing electrode, thereby electric field
processing the at least one substrate; and
sealing together the front substrate and the rear
substrate kept in the vacuum atmosphere after
the electric field processing.

2. The method of manufacturing an image display de-
vice according to claim 1, wherein the electric field
processing is performed after a getter film is formed
on a phosphor screen side of the front substrate by
getter flashing in the vacuum atmosphere.

3. The method of manufacturing an image display de-
vice according to claim 1, wherein a getter film is
formed on a phosphor screen side of the front sub-
strate by getter flashing in the vacuum atmosphere
before the sealing after the electric field processing
is performed.

4. The method of manufacturing an image display de-
vice according to claim 1, wherein a getter film is
formed on a phosphor screen side of the front sub-
strate by getter flashing after the electric field
processing is performed in the vacuum atmos-
phere, and the electric field processing is performed
again for the front substrate having the getter film
formed thereon.

5. A method of manufacturing an image display de-
vice, which has a front substrate having a phosphor
screen formed thereon and a rear substrate provid-
ed with a plurality of electron emitting elements, the
method comprising:

forming a getter film on a phosphor screen side
of the front substrate by getter flashing in a vac-

uum atmosphere;
opposing a getter film side of the front substrate
to a processing electrode and applying an elec-
tric field between the front substrate and the
processing electrode, thereby electric field
processing the front substrate; and
sealing together the rear substrate and the
field-processed front substrate kept in the vac-
uum atmosphere.

6. A method of manufacturing an image display de-
vice, which has a front substrate having a phosphor
screen formed thereon and a rear substrate provid-
ed with a plurality of electron emitting elements, the
method comprising:

opposing a phosphor screen side of the front
substrate to a processing electrode in a vacu-
um atmosphere, applying an electric field be-
tween the front substrate and the processing
electrode, thereby electric field processing the
front substrate, and then forming a getter film
on the phosphor screen side of the field-proc-
essed front substrate by getter flashing in a
vacuum atmosphere; and
sealing together the rear substrate and the front
substrate having the getter film formed thereon
and kept in the vacuum atmosphere.

7. The method of manufacturing an image display de-
vice according to claim 6, wherein the getter film on
the front substrate and the processing electrode are
opposed to each other, the electric field is applied
between the front substrate and the processing
electrode to electric field-process the front sub-
strate, and the front substrate kept in the vacuum
atmosphere is then sealed to the rear substrate.

8. The method of manufacturing an image display de-
vice according to any one of claims 2 to 7, wherein
the getter film is formed by vaporizing a getter ma-
terial located below the front substrate in the vacu-
um atmosphere.

9. A method of manufacturing an image display de-
vice, which has a front substrate having a phosphor
screen formed thereon and a rear substrate provid-
ed with a plurality of electron emitting elements, the
method comprising:

opposing the front substrate and a processing
electrode having an aperture portion to each
other in a vacuum atmosphere and applying an
electric field between the front substrate and
the processing electrode, thereby electric field
processing the front substrate; and
sealing together the front substrate and the rear
substrate kept in the vacuum atmosphere after
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the electric field processing.

10. The method of manufacturing an image display de-
vice according to claim 9, wherein the electric field
processing is performed after effecting getter flash-
ing through the processing electrode in the vacuum
atmosphere, thereby forming a getter film on a
phosphor screen side of the front substrate.

11. The method of manufacturing an image display de-
vice according to claim 9, wherein a getter film is
formed on a phosphor screen side of the front sub-
strate by getter flashing through the processing
electrode in the vacuum atmosphere before the
sealing after the electric field processing is per-
formed.

12. The method of manufacturing an image display de-
vice according to claim 9, wherein a getter film is
formed on a phosphor screen side of the front sub-
strate by getter flashing through the processing
electrode after the electric field processing is per-
formed in the vacuum atmosphere, and the electric
field processing is performed again for the front sub-
strate having the getter film formed thereon.

13. The method of manufacturing an image display de-
vice according to any one of claims 10 to 12, where-
in the getter film is formed on the processing elec-
trode by the getter flashing.

14. The method of manufacturing an image display de-
vice according to any one of claims 10 to 12, where-
in the getter flashing is effected with a conductance
between a getter material for the getter flashing and
the processing electrode set larger than a conduct-
ance between the processing electrode and the
front substrate.

15. An apparatus for manufacturing an image display
device, which has a front substrate having a phos-
phor screen formed thereon and a rear substrate
provided with a plurality of electron emitting ele-
ments, the apparatus comprising:

a vacuum chamber of which the interior is kept
in a vacuum and which stores at least one of
the front and rear substrates;
a processing electrode located opposite to the
at least one substrate in the vacuum chamber;
an electric field applying section which applies
an electric field between the at least one sub-
strate and the processing electrode; and
a getter device which is provided in the vacuum
chamber and forms a getter film on the at least
one substrate.

16. An apparatus for manufacturing an image display

device, which has a front substrate having a phos-
phor screen formed thereon and a rear substrate
provided with a plurality of electron emitting ele-
ments, the apparatus comprising:

a vacuum chamber of which the interior is kept
in a vacuum and which can store the front sub-
strate;
a processing electrode located opposite to the
front substrate in the vacuum chamber; and
an electric field applying section which applies
an electric field between the front substrate and
the processing electrode.

17. The apparatus for manufacturing an image display
device according to claim 16, further comprising a
getter device which is located opposite to the front
substrate with the processing electrode therebe-
tween in the vacuum chamber and forms a getter
film on the front substrate.

18. The apparatus for manufacturing an image display
device according to claim 17, wherein the getter de-
vice is provided with a getter material located oppo-
site to the front substrate with the processing elec-
trode therebetween, and a conductance between
the getter material and the processing electrode is
set larger than a conductance between the process-
ing electrode and the front substrate.
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