
* 159159* DESCRIPTION  *G00002* MANUFACTURING METHOD FOR PLASMA DISPLAY
PANEL AND MANUFACTURING METHOD FOR PLASMA DISPLAY Technical Field The
present invention relates to a manufacturing  method for a plasma display
panel and a manufacturing  method for a plasma display, and more
particularly to a  manufacturing method for a plasma display panel and a
manufacturing method for a plasma display wherein a rib  and a phosphor
layer formed on a substrate are burned in  a vacuum. Background Art Various
types of flat panel displays are being  considered as a substitute for a
cathode ray tube (CRT)  mainly spreadat present. Such flat panel displays
may  include a liquid crystal display (LCD), electro luminescent display
(ELD), and plasma display (PDP). Of  these displays, the plasma display has
many advantages  such that a screen size and a viewing angle can be
relatively easily enlarged, the resistance against  



various environmental factors such as temperature, 1 Wd magnetism, and
vibrations is high, and the lifetime is long. Accordingly, the applications
to a wall-mounted TV  for home use=and large-size information terminal
equipment for public use are being expected. The plasma display is a
display such that a voltage  is applied to a discharge cell formed by
sealing a  discharge gas such as a noble gas in a discharge space  and that
a phosphor layer in the discharge cell is  excited by ultraviolet rays
generated according to glow  discharge in the discharge gas, thereby
obtaining light  emission from the phosphor layer. That is, the discharge
cell is driven on the principle similar to that of a  fluorescent lamp.
Usually, hundreds of thousands of  discharge cells are collected to
configure one display  screen. The plasma display is generally classified
into a  direct-current driven type (DC type) and an alternating- current
driven type (AC type) according to the mode of  application of the voltage
to each discharge cell. Each  type has merits and demerits. In the AC type
plasma display, ribs for  partitioning the individual discharge cells in
the  display screen may be arranged in the form of stripes.  



Accordingly, this type plasma display is suitable for  high-resolution.
Further, the surface of each electrode 2 is covered with a dielectric
layer, so that each  electrode is hard to wear, thereby contributing to a
long  life. In a currently commercialized AC type plasma  display, the
stability of discharge and the extension of  the life are required. At
present, a life of about 30,000  hours in a 42-inch size AC type plasma
display is  reported. However, in the case that the luminance becomes
higher than the current value by two or three times, the  life is expected
to become shorter. Therefore, the  further extension of the life is one of
the future  problems to be solved. The life of the current plasma display
is  determined by deterioration in luminance. Although the  deterioration
in luminance is considered to be due to a  deterioration of each phosphor
layer and a deterioration  of a protective film, a reduction in purity of
the  discharge gas is also a large factor. In a conventional manufacturing
method for a plasma  display, ribs and phosphor layers are formed on one of
the substrates constituting the plasma display, and the  substrate formed
with the ribs and the phosphor layers is  



next burned in the air in a furnace. Thereafter, the  furnace is evacuated.
However, time is required until a 3 sufficient vacuum is reached. Further,
after combining  the panels and sealing a discharge gas into each
discharge space, gases are generated from the phosphor  layers and the
ribs, causing a reduction in purity of the  discharge gas sealed in each
discharge space. As a result,  the life of the plasma display is reduced.
It is accordingly an object of the present  invention to provide a
manufacturing method for a plasma  display panel and a manufacturing method
for a plasma  display which can improve the purity of the discharge gas in
each discharge space after combining the panels and  sealing the discharge
gas into each discharge space, so  that the lifetime can be extended and
the discharge voltage can be reduced to improve the stability of the
discharge voltage. Disclosure of Invention According,to the present
invention, there is provided a manufacturing method for a plasma display
panel, including the steps of forming a rib for  partitioning a discharge
space and a phosphor layer for  emitting light according to ultraviolet
rays produced in  the discharge space, on a substrate; and burning the  



substrate formed with the rib and the phosphor layer in a 4 vacuum of 10 Pa
or less, preferably 1 Pa or less, more  preferably 1 x 10-1 Pa or less in a
temperature range of  350 to 5500 C after the forming step. According to
the present invention, there is  provided a manufacturing method for a
plasma display  having a first panel and a second panel with a discharge
space defined between the first panel and the second panel, including the
steps of forming a rib for  partitioning the discharge space and a phosphor
layer for  emitting light according to ultraviolet rays produced in  the
discharge: space, on a second substrate forming the  second panel; and
burning the substrate formed with the  rib and the phosphor layer in a
vacuum of 10 Pa or less,  preferably 1 Pa or less, more preferably 1 x 10-1
Pa or  less in a temperature range of 350 to 5500 C after the  forming
step. The degree of vacuum in the vacuum burning is  limited only by 10 Pa
or less, preferably, 1 Pa or less,  more preferably 1 x 10-1 Pa or less,
especially preferably  1 x 10-2 Pa or less. While it is better to set the
vacuum  as small as possible, a lower limit for the vacuum is  determined
by the limitations of a vacuum device or the  like. 



Further, the burning temperature in the vacuum 5 burning must be set to
350C or more, so as to attain the  effects of the present invention.
However, an upper limit  for the burning temperature is determined so as
not to  degrade the emission characteristics of the phosphor, and  is set
to preferably 400 to 450C. Preferably, the manufacturing method of the
present  invention further includes the step of burning the  phosphor layer
on the substrate in the air before the  vacuum burning step. The burning
temperature in the air  is not especially limited, but normally set to
about 500  to 600C . Preferably, the manufacturing method of the present
invention further includes the step of burning the rib on  the substrate in
the air before the phosphor burning step. Preferably, the phosphor burning
step and the vacuum burning step are performed in the same furnace.
Alternatively, the phosphor burning step and the vacuum  burning step may
be performed in different furnaces. Preferably, the air atmosphere in the
furnace is  replaced by a dry nitrogen atmosphere or a dry air  atmosphere
during or before temperature rising in the  phosphor burning step.
Alternatively, the air atmosphere  in the furnace may be replaced by a dry
nitrogen  



atmosphere or a dry air atmosphere during or after 6 temperature falling in
the phosphor burning step. By  replacing the air atmosphere in the furnace
by a dry  nitrogen atmosphere or a dry air atmosphere, any adsorbates such
as water and hydrocarbons can be removed  more effectively. Preferably, the
air atmosphere in the furnace is  replaced by an oxygen-rich atmosphere (an
atmosphere  containing a higher proportion of oxygen than that in the  air)
during or after temperature falling in the phosphor  burning step. By
replacing the air atmosphere in the  furnace by an oxygen-rich atmosphere,
the oxygen  deficiency in a dielectric film and the phosphor layer on  the
second substrate can be compensated. Preferably, the manufacturing method
for the plasma  display according to the present invention further
includes the steps of joining the first panel and the  second panel after
the vacuum burning step to form the  discharge space partitioned by the rib
between the first  panel and the second panel, and sealing a discharge gas
having a predetermined pressure into the discharge space. According to the
present invention, the above- mentioned vacuum burning is performed after
forming the  phosphor layer, so that the purity of the discharge gas  



in the discharge space can be improved after combining 7 the panels and
sealing the discharge gas into the  discharge space. Accordingly, the
lifetime can be  extended and the discharge voltage can be reduced to
improve the stability of the discharge voltage. Brief Description of
Drawings FIG. 1 is a schematic sectional view in perspective  of an
essential part of a plasma display according to a  preferred embodiment of
the present invention. FIG. 2 is a graph showing the relation between
burning time and burning temperature in vacuum burning in  an example of
the present invention. FIG. 3 is a graph showing the results of an
endurance accelerated test made on plasma displays  according to an example
of the present invention and a  comparison. FIG. 4-is a graph showing the
results of discharge  voltage measurement made on the plasma displays
according  to the example and the comparison. FIG. 5 is a graph showing the
result of Q-mass  measurement made on a second panel as a unit according to
the example. FIG. 6 is a graph showing the result of Q-mass  measurement
made on a second panel as a unit according to 



8 the comparison. Best Mode for Carrying out the Invention A preferred
embodiment of the present invention  will now be described with reference
to the drawings. FIG. 1 is a schematic sectional view in perspective of an
essential part of a plasma display according to a  preferred embodiment of
the present invention; FIG. 2=is a graph showing the relation between
burning time and burning temperature in vacuum burning in  an example of
the present invention; FIG. 3 is a graph showing the results of an
endurance accelerated test made on plasma displays  according to an example
of the present invention and a  comparison; FIG. 4 is a graph showing the
results of discharge  voltage measurement made on the plasma displays
according  to the example and the comparison; FIG. 5 is a graph showing the
result of Q-mass  measurement made on a second panel as a unit according to
the example; and FIG. 6-is a graph showing the result of Q-mass measurement
made on a second panel as a unit according to the comparison. 9 



General Configuration of Plasma Display:  There will first be described a
general  configuration of an alternating-current driven type (AC type)
plasma display (which will be hereinafter sometimes  referred to simply as
plasma display) with reference to  FIG. 1. Reference numeral 2 denotes an
AC type plasma  display, which belongs to a so-called three-electrode  type
such that discharge is produced between a pair of  sustain electrodes 12.
The AC type plasma display 2 is  configured by joining a first panel 10
corresponding to a  front panel and a second panel 20 corresponding to a
rear  panel. Light emission from phosphor layers 25R, 25G, and  25B on the
second panel 20 is observed through the first  panel 10, for example. That
is, the first panel 10 is on  the side of a display screen. The first panel
10 is composed of a transparent  first substrate 11, a plurality of pairs
of sustain electrodes 12 formed of a transparent conductive material  and
arranged on the first substrate 11 in the form of  stripes, a bus electrode
13 formed of a material having  an electrical resistivity lower than that
of each sustain  electrode 12 and provided to reduce the impedance of each
sustain electrode 12, a dielectric layer 14 formed on the 10 



first substrate 11 so as to cover the bus electrodes 13  and the sustain
electrodes 12, and a protective layer 15  formed on the dielectric layer
14. Although the protective layer 15 is not essential, it is preferably
formed. On the other hand, the second panel 20 is composed  of a second
substrate 21, a plurality of address  electrodes (also called data
electrodes) 22 arranged on  the second substrate 21 in the form of stripes,
a  dielectric film (not shown) formed on the second  substrate 21 so as to
cover the address electrodes 22, a  plurality of insulating ribs 24 formed
on the dielectric  film so that each rib 24 is located between the adjacent
address electrodes 22 so as to extend parallel to each  address electrode
22, and a plurality of sets of phosphor  layers each formed on the
dielectric film and on the  opposed side walls of the adjacent ribs 24.
Each set of  phosphor layers is composed of a red phosphor layer 25R, a
green phosphor layer 25G, and a blue phosphor layer 25B.  FIG. 1.is an
exploded perspective view of an  essential part of the plasma display 2,
and in actual the  top of each rib 24 of the second panel 20 is in contact
with the protective layer 15 of the first panel 10. The  region where each
pair of sustain electrodes 12 and each 11 



address electrode 22 located between the adjacent ribs 24  overlap each
other corresponds to a unit discharge cell.  A discharge gas is sealed in a
discharge space 4  surrounded by the adjacent ribs 24, each of the phosphor
layers 25R, 25G, and 25B, and the protective layer 15.  The first panel 10
and the second panel 20 are joined together at their peripheral portions by
using frit glass. The discharge gas sealed in each discharge space 4  is
not especially limited. Examples of the discharge gas  may include an inert
gas such as xenon (Xe) gas, neon (Ne) gas, helium (He) gas, argon (Ar) gas,
or nitrogen  (N2) gas, and a mixed gas of these inert gases. The total
pressure of the discharge gas sealed is set in the range  of about 6 x 103
to 8 x 104 Pa, but not especially limited. The direction of extension of a
projected image of  each sustain electrode 12 and the direction of
extension  of a projected image of each address electrode 22 are
substantially orthogonal to each other (this  orthogonality- is not
essential) . The region where each  pair of sustain electrodes 12 and each
set of phosphor  layers 25R, 25G, and 25B emitting light of three primary
colors overlap each other corresponds to a pixel. Since  glow discharge is
produced between each pair of sustain  electrodes 12-in the same plane,
this type of plasma 12 



display is referred to as "surface discharge type".  Immediately before
applying a voltage between each pair  of sustain electrodes 12, a panel
voltage lower than a breakdown voltage in the discharge cell is applied to
the  corresponding address electrode 22, for example, so that  wall charges
are accumulated in the discharge cell (selection of the discharge cell to
be driven) and an  apparent breakdown voltage is reduced. Subsequently, the
discharge started between each pair of sustain electrodes  12 can be
sustained at a voltage lower than the breakdown  voltage. In each discharge
cell, vacuum ultraviolet rays  are produced according to the glow discharge
in the discharge cell, and each phosphor layer is excited by  irradiation
with the vacuum ultraviolet rays to thereby  exhibit a specific luminous
color according to the kind  of the material of the phosphor layer. The
vacuum ultraviolet rays have a wavelength according to the kind  of the
discharge gas sealed in the discharge cell. The plasma display 2 according
to this preferred  embodiment is a so-called reflective plasma display, and
the emission from the phosphor layers 25R, 25G, and 25B  is observed
through the first panel 10. Accordingly, the  conductive material forming
each address electrode 22 may  be transparent or opaque. However, the
conductive 13 



r material forming each sustain electrode 12 must be  transparent. Whether
the conductive material described  herein is transparent or opaque is based
on the light  transmissivity of the conductive material in a luminous
wavelength region (visible light region) inherent in the  material of each
phosphor layer. In other words, if the  conductive material forming the
sustain electrodes or the  address electrodes is transparent to light
emitted from  the phosphor layers, it can be said that this conductive
material is transparent. Examples of the opaque conductive material may
include Ni, Al, Au, Ag, Al, Pd/Ag, Cr, Ta, Cu, Ba, LaB6,  and
Ca0,2La0.8CrO3, which may be used solely or in  combination. Examples of
the transparent conductive  material may include ITO (indium tin oxide) and
Sn02. The  sustain electrodes 12 or the address electrodes 22 may be
formed by sputtering, evaporation, screen printing, sand  blasting,
plating, or lift-off process, for example. The width of each sustain
electrode 12 is set in  the range of about 200 to 400 "m, but not
especially  limited. The distance between each pair of sustain  electrodes
12 is set preferably in the range of about 5  to 150 "m, but not especially
limited. The width of each  address electrode 22 is set in the range of
about 50 to 



14 100 "m, for example. Each bus electrode 13 is formed typically from a
metal material such as a single-layer metal film of Ag,  Au, Al, Ni, Cu,
Mo, or Cr, for example, or a multilayer  metal film of Cr/Cu/Cr, for
example. In the reflective  plasma display, each bus electrode 13 formed of
such a  metal material may reduce the amount of visible light  emitted from
each phosphor layer and to be transmitted  through the first substrate 11,
causing a reduction in  luminance of the display screen. Therefore, it is
preferable to make the width of each bus electrode 13 as  small as possible
in such a range that an electrical  resistance required by the whole of
each sustain  electrode can be obtained. Specifically, the width of  each
bus electrode 13 is set smaller than the width of  each sustain electrode
12, e.g., in the range of about 30  to 200 "m. The bus electrodes 13 may be
formed by  sputtering, evaporation, screen printing, sand blasting,
plating, or lift-off process, for example. The dielectric layer 14 formed
over the surface of  the sustain electrodes 12 is formed preferably on the
basis of electron beam evaporation, sputtering, vacuum  evaporation, or
screen printing, for example. The dielectric layer 14 can prevent direct
contact of ions 



15 and electrons generated in each discharge space 4 with  the sustain
electrodes 12. As a result, wearing of the  sustain electrodes 12 can be
prevented. The dielectric  layer 14 has a function of accumulating wall
charges  generated in an address period, a function as a resistor  for
limiting an excess discharge current, and a memory  function of sustaining
a discharged state. The dielectric  layer 14 may be formed typically of
low-melting glass.  However, it may be formed of any other dielectric
materials.  The protective layer 15 formed on the surface of  the
dielectric layer 14 so as to be exposed to each  discharge space functions
to prevent direct contact of  the ions and electrons with the sustain
electrodes. As a  result, wearing of the sustain electrodes 12 can be
effectively prevented. The protective layer 15 also  functions to emit
secondary electrons required for discharge. The protective layer 15 may be
formed of  magnesium oxide (MgO) , magnesium fluoride (MgF2), or  calcium
fluoride (CaF2) , for example. Of these materials, magnesium oxide is a
suitable material having various  properties of chemically high stability,
low sputtering  rate, high transmissivity of light in the luminous
wavelength region of each phosphor layer, and low 



16 breakdown voltage. Alternatively, the protective layer 15  may have a
multilayer structure formed of at least two  kinds of materials selected
from the group consisting of  the above-mentioned materials. The first
substrate 11 and the second substrate 21  may be formed of high-strain
glass, soda lime glass (Na20 ' CaO  Si02) , borosilicate glass (Na20  B203
' Si02)  forsterite (2MgO ' Si02) , or lead glass (Na20  Pb0 ' Si02)  for
example. The materials of the first substrate 11 and  the second substrate
21 may be the same or different from  each other. The phosphor layers 25R,
25G, and 25B are formed of  a phosphor material selected from the group
consisting of  a red light emitting phosphor material, a green light
emitting phosphor material, and a blue light emitting  phosphor material,
and they are provided above the  address electrodes 22. In the case that
the plasma  display is adapted to color display, the phosphor layers  25R,
25G, and 25B are specifically arranged in the  following manner. The
phosphor layer (red phosphor layer  25R) formed of a red light emitting
phosphor material is  provided above one address electrode 22, the phosphor
layer (green phosphor layer 25G) formed of a green light  emitting phosphor
material is provided above another 



17 address electrode 22, and the phosphor layer (blue  phosphor layer 25B)
formed of a blue light emitting  phosphor material is provided above yet
another address electrode 22. These phosphor layers for emitting three
primary colors constitute one set and are arranged in a  predetermined
order. As mentioned above, the region where  each pair of sustain
electrodes 12 and each set of  phosphor layers 25R, 25G, and 25B for
emitting three  primary colors overlap each other corresponds to one
pixel. The red phosphor layers, the green phosphor layers,  and the blue
phosphor layers may be arranged in the form  of stripes or lattice. As the
phosphor materials of the phosphor layers  25R, 25G, and 25B, phosphor
materials having high quantum  efficiency and less saturation to vacuum
ultraviolet rays  may be suitably selected from any conventional phosphor
materials known in the art. In the case of adapting the  plasma display to
color display, it is preferable to  combine phosphor materials so that the
color purities are  close to the three primary colors defined by NTSC, that
a  white balance is achieved in mixing the three primary  colors, that the
afterglow time of each color is short,  and that the afterglow times of the
three primary colors  are substantially the same. 



18 Specific examples of the phosphor materials are as  follows: Examples of
the red light emitting phosphor  material may include (Y203 : Eu) , (YB03 :
Eu) , (YV04 : Eu)  (YO. 96PO. 60VO. 4004 : Euo. 04) , [ (Y, Gd) B03 : Eu ,
(GdB03 : Eu) , (ScB03 : Eu) , and (3. 5MgO 0 0. 5MgF2 0 Ge02 : Mn) .
Examples  of the green light emitting phosphor material may include
(ZnSi02 Mn) (BaA112019 : Mn) , (BaM92A116027 : Mn) (MgGa204 Mn) (YB03 : Tb)
, (LuB03 : Tb) , and  (Sr4Si3O8Cl4 : EU) Examples of the blue light
emitting  phosphor material may include (Y2SiO5 : Ce) , (CaW04 Pb)  CaW04,
YPO.85VO.1504, (BaMgA114023 : Eu) , (Sr2P207 : Eu) and (Sr2P207 : Sn) . The
phosphor layers 25R, 25G, and 25B may be formed  by a thick-film printing
method, a method of spraying  phosphor particles, a method of preliminarily
applying an  adhesive material to a region where each phosphor layer  is to
be formed and next depositing phosphor particles to  the adhesive material,
a method of using a photosensitive  phosphor paste and patterning each
phosphor layer from  the photosensitive phosphor paste by exposure and
development, or a method of forming a phosphor layer over  the surface of
the substrate and next removing an unwanted portion from the phosphor layer
by sand blasting, 



19 for example. The phosphor layers 25R, 25G, and 25B may be formed
directly on the address electrodes 22 or formed over the  address
electrodes 22 and the side walls of the ribs 24.  Further, the phosphor
layers 25R, 25G, and 25B may be  formed on the dielectric film provided on
the address  electrodes 22 or formed over the dielectric film provided  on
the address electrodes 22 and the side walls of the  ribs 24. Further, the
phosphor layers 25R, 25G, and 25B  may be formed on only the side walls of
the ribs 24. The  dielectric film may be formed of low-melting glass or
SiO2,  for example. As mentioned above, the ribs 24 extending parallel  to
the address electrodes 22 are formed on the second  substrate 21.- The ribs
24 may have a meander structure as  a modification. In the case that the
dielectric film is  formed on the second substrate 21 and the address
electrodes 22, the ribs 24 may be formed on the  dielectric film in some
case. The ribs 24 may be formed  of any conventional insulating materials
known in the art.  For example, the ribs 24 may be formed of a material
obtained by mixing metal oxide such as alumina in low- melting glass widely
used. Each rib 24 has a width of  about 50 "m or less and a height of about
100 to 150 "m, 



20 for example. The pitch of the ribs 24 is about 100 to 400  "m, for
example. The ribs 24 may be formed by screen printing, sand blasting, dry
film process, or photosensitive process,  for example. The dry film process
includes the steps of  laminating a photosensitive film on a substrate,
removing  a portion of the photosensitive film in a region where  each rib
is to be formed by exposure and development,  filling openings formed by
the above removing step with a  material for forming the ribs, and finally
burning the  substrate. The photosensitive film is burned to disappear  by
the burning step, and the rib forming material filled in the openings is
left to obtain the ribs 24. The  photosensitive process includes the steps
of forming a  rib forming material layer having photosensitivity on a
substrate, patterning the rib forming material layer by  exposure and
development, and finally burning the  substrate. By coloring the ribs 24 in
black, a so-called  black matrix-can be formed to thereby obtain a high
contrast on the display screen. The ribs 24 may be  colored in black by
using a color resist material colored  in black in the rib forming process.
Each discharge cell is formed by the adjacent ribs 24 formed on the second
substrate 21, each pair of 



21 sustain electrodes 12 present in the region surrounded by  the adjacent
-ribs 24, each address electrode 22 present  in this region, and each of
the phosphor layers 25R, 25G,  and 25B present in this region. The
discharge gas such as  a mixed gas is sealed in each discharge cell, more
specifically in the discharge space surrounded by the  adjacent ribs. The
phosphor layer 25R, 25G, or 25B is  irradiated with ultraviolet rays
emitted on the basis of  the AC glow discharge produced in the discharge
gas in  the dischargespace 4, thereby emitting light. Manufacturing Method
for Plasma Display: A manufacturing method for the plasma display
according to the preferred embodiment of the present  invention will now be
described. The first panel 10 may be fabricated by the  following method.
First, an ITO layer is formed by  sputtering, for example, on the entire
surface of the  first substrate 11 of high-strain glass or soda lime
glass. The ITO layer is next patterned in the form of  stripes by
photolithography and etching to thereby form  the plurality of pairs of
sustain electrodes 12. Each  sustain electrode 12 extends in a first
direction. An aluminum film is next formed by evaporation, for  example, on
the entire surface of the first substrate 11 



22 so as to cover the sustain electrodes 12. The aluminum film is next
patterned by photolithography and etching to  thereby form the bus
electrodes 13 on the sustain  electrodes 12 along one side edge thereof for
each.  Thereafter, the dielectric layer 14 Of Si02 is formed on  the entire
surface of the first substrate 11 so as to  cover the sustain electrodes 12
and the bus electrodes 13.  Further, the protective layer 15 of magnesium
oxide (Mgo)  having a thickness of 0.6 m is formed on the dielectric  layer
14 by electron beam evaporation. Thus, the first  panel 10 is completed.
The second panel 20 is fabricated by the following  method. First, a silver
paste is printed in the form of  stripes by screen printing on the second
substrate 21 of  high-strain glass or soda lime glass. The silver paste
printed is next burned to thereby form the address  electrodes 22. Each
address electrode 22 extends in a  second direction orthogonal to the first
direction.  Thereafter, a low-melting glass paste layer is formed on  the
entire surface of the second substrate 21 by screen  printing so as to
cover the address electrodes 22. The  low-melting glass paste layer is next
burned to thereby  form the dielectric film. Thereafter, a low-melting
glass paste is printed by 



23 screen printing on the dielectric film in a region  between the adjacent
address electrodes 22. The second  substrate 21 is next burned in a burning
furnace to form  the ribs 24. This burning (rib burning step) is performed
in the air at about 5600 C for about two hours. Thereafter, phosphor
slurries of three primary  colors are sequentially printed in the regions
each  defined between the adjacent ribs 24 on the second  substrate 21. The
second substrate 21 is next burned in the burning furnace to thereby form
the phosphor layers  25R, 25G, and 25B each on the dielectric film between
the  adjacent ribs 24 and on the side walls of the adjacent  ribs 24. This
burning (phosphor burning step) is  performed in the air at about 510- C
for about 10 minutes. Thereafter, the second substrate 21 formed with the
ribs 24 and the phosphor layers 25R, 25G, and 25B is  burned under vacuum
(vacuum burning step) This burning  is performed in a vacuum of 10 Pa or
less, preferably 1  Pa or less, more preferably 1 x 10-1 Pa or less,
especially preferably 1 x 10-2 Pa or less in a temperature  range of 350 to
550t , preferably 400 to 4500 C. The  burning temperature and the burning
time in this vacuum  burning step are determined so that the dielectric
film  and the ribs 24 on the second substrate 21 are not melted 



24 and that the characteristics of the phosphor layers 25R,  25G, and 25B
are not lost. . The phosphor burning step and the vacuum burning  step may
be performed in the same furnace or in different  furnaces. Thereafter, the
plasma display is assembled in the  following manner. First, a sealing
layer is formed over a  peripheral portion of the second panel 20 by screen
printing, for example. The first panel 10 and the second  panel 20 are next
attached together and burned to harden  the sealing layer. The space
defined between the first  panel 10 and the second panel 20 is next
evacuated and  then filled with the discharge gas. Finally, this space  is
sealed to complete the plasma display 2. There will now be described an
example of the AC  glow discharge operation of the plasma display having
such a configuration. First, a panel voltage higher than  a breakdown
voltage Vbd is applied to one of each pair of  sustain electrodes 12 for a
short period of time. As a  result, glow discharge is produced to generate
wall  charges due to dielectric polarization on the surface of  the
dielectric layer 14 in the vicinity of the one  sustain electrode of each
pair. The wall charges are  accumulated to reduce an apparent breakdown
voltage. 



25 Y Thereafter, a-voltage is applied to each address  electrode 22 and at
the same time a voltage is applied to  the one sustain electrode 12
included in any discharge  cell not be driven, thereby producing glow
discharge  between this address electrode 22 and this sustain  electrode 12
to erase the accumulated wall charges. This  erasing discharge is
sequentially performed for all the  address electrodes 22. On the other
hand, no voltage is  applied to the one sustain electrode 12 included in
any  discharge cell to be driven. As a result, the  accumulation of the
wall charges is maintained.  Thereafter, a predetermined pulse voltage is
applied  between each pair of sustain electrodes 12 to thereby  start glow
discharge between each pair of sustain  electrodes 12 in the discharge
cells in which the wall  charges have been accumulated. In each discharge
cell,  the phosphor layer excited by the irradiation with the  vacuum
ultraviolet rays emitted on the basis of the glow  discharge in the
discharge gas contained in the discharge  space exhibits a specific
luminous color according to the  kind of the phosphor material. The phase
of the sustain  voltage applied to one of each pair of sustain electrodes
and the phase of-the sustain voltage applied to the other  



sustain electrode in each pair are shifted from each 26 other by a half
period, and the polarity of each sustain electrode 12 is inverted according
to the frequency of the alternating current. According to the manufacturing
method for the  second panel 20 in this preferred embodiment, the above-
mentioned vacuum burning is performed after forming the  phosphor layers
25R, 25G, and 25B, so that the purity of  the discharge gas in each
discharge space 4 can be improved after combining the panels 10 and 20 and
sealing  the discharge gas into each discharge space 4.  Accordingly, the
lifetime can be extended and the  discharge voltage can be reduced. Other
Preferred Embodiments: The present invention is not limited to the above
preferred embodiment, but various modifications may be  made within the
scope of the present invention. For example, the specific structure of the
plasma  display in the present invention is not limited to the  preferred
embodiment shown in FIG. 1, but any other  structures may be adopted. For
example, while the plasma  display shown in FIG. 1 is a so-called
three-electrode  type plasma display, the plasma display according to the
present invention may be a so-called two-electrode type  



plasma display. In this case, one of each pair of sustain 27 electrodes is
formed on the first substrate, and the  other sustain electrode in each
pair is formed on the  second substrate. Further, the projected image of
one of each pair of sustain electrodes extends in a first  direction, and
the projected image of the other sustain  electrode in each pair extends in
a second direction  different from the first direction (preferably,
substantially perpendicular to the first direction) Thus,  each pair of
sustain electrodes are opposed to each other.  In such a two-electrode type
plasma display, the term of  "the address electrode" in the description of
the above  preferred embodiment may be replaced by the term of "the  other
sustain electrode" as required. Further, while the plasma display according
to the  above preferred embodiment is a so-called reflective  plasma
display such that the first panel 10 serves as a  display panel, the plasma
display according to the  present invention may be a so-called transmissive
plasma  display. In the transmissive plasma display, however, the  emission
from each phosphor layer is observed through the  second panel 20.
Therefore, although the conductive  material for forming the sustain
electrodes may be  transparent or opaque, the address electrodes 22 must be



transparent because they are formed on the second 28 substrate 21. Further,
while the phosphor burning step is  performed in the air under atmospheric
pressure in the  above preferred embodiment, the air atmosphere in the
furnace may be replaced by a dry nitrogen atmosphere or a dry air
atmosphere during or before temperature rising in  the phosphor burning
step according to the present  invention. Alternatively, the air atmosphere
in the  furnace may be replaced by a dry nitrogen atmosphere or a  dry air
atmosphere during or after temperature falling in  the phosphor burning
step. By replacing the air  atmosphere in the furnace by a dry nitrogen
atmosphere or  a dry air atmosphere, any adsorbates such as water and
hydrocarbons can be removed more effectively. Further, the air atmosphere
in the furnace may be  replaced by an oxygen-rich atmosphere during or
after  temperature falling in the phosphor burning step. By  replacing the
air atmosphere in the furnace by an oxygen rich atmosphere, the oxygen
deficiency in the dielectric  film and the phosphor layers on the second
substrate can  be compensated. Examples:  Some examples according to the
present invention  



will now be described. The present invention is not 29 limited to the
following examples.  Example 1: The first panel 10 was fabricated by the
following  method. First, an ITO layer was formed by sputtering, for
example, on the entire surface of the first substrate 11  of high-strain
glass or soda lime glass. The ITO layer  was next patterned in the form of
stripes by  photolithography and etching to thereby form the  plurality of
pairs of sustain electrodes 12. An aluminum film was next formed by
evaporation,  for example, on the entire surface of the first substrate  11
so as to cover the sustain electrodes 12. The aluminum  film was next
patterned by photolithography and etching  to thereby form the bus
electrodes 13 on the sustain  electrodes 12 along one side edge thereof for
each.  Thereafter, the dielectric layer 14 of SiO2 was formed on  the
entire surface of the first substrate 11 so as to  cover the sustain
electrodes 12 and the bus electrodes 13.  Further, the protective layer 15
of magnesium oxide (MgO)  having a thickness of 0.6 "m was formed on the
dielectric  layer 14 by electron beam evaporation. Thus, the first  panel
10 was completed. The second panel 20 was fabricated by the following  



method. First, a silver paste was printed in the form of 30 stripes by
screen printing on the second substrate 21 of  high-strain glass or soda
lime glass. The silver paste  printed was next burned to thereby form the
address  electrodes 22. Each address electrode 22 extends in a  second
direction orthogonal to the first direction.  Thereafter, a low-melting
glass paste layer was formed on  the entire surface of the second substrate
21 by screen  printing so as to cover the address electrodes 22. The
low-melting glass paste layer was formed and burned to  thereby form the
dielectric film. Thereafter, a low-melting glass paste was printed  by
screen printing on the dielectric film in a region  between the adjacent
address electrodes 22. The second  substrate 21 was next burned in a
burning furnace to form  the ribs 24. This burning (rib burning step) was
performed in the air at about 560 0 C for about two hours. Thereafter,
phosphor slurries of three primary  colors were sequentially printed in the
regions each  defined between the adjacent ribs 24 on the second  substrate
21. The second substrate 21 was next burned in  the burning furnace to
thereby form the phosphor layers  25R, 25G, and 25B each on the dielectric
film between the  adjacent ribs 24 and on the side walls of the adjacent  



ribs 24. This burning (phosphor burning step) was 31 performed in the air
at about 510 0 C for about 10 minutes.  Thereafter, the second substrate 21
was burned in another  burning furnace in a vacuum of I x 10- 2 Pa at 430 0
C for two  hours as shown in FIG. 2 (vacuum burning) In this vacuum
burning, 1.5 hours were required for temperature rising,  two hours were
required for temperature retention, and  four hours were required for
temperature falling as shown  in FIG. 2. As the materials of the phosphor
layers 25R,  25G, and 25B, suitable materials that can be well burned  at
510 - C were selected. Thereafter, the plasma display was assembled in the
following manner. First, a sealing layer was formed over  a peripheral
portion of the sec ond panel 20 by frit dispensing. The first panel 10 and
the second panel 20  were next attached together and burned to harden the
sealing layer. The space defined between the first panel  10 and the second
panel 20 was next evacuated and then  filled with the discharge gas.
Finally, this space was  sealed to complete the plasma display 2.
Comparison 1: The plasma display 2 was fabricated by a method  similar to
the method described above in Example 1 except  that the vacuum burning for
the second panel 20 was not  



performed. 32 Evaluation:  An accelerated test was made on the plasma
displays in Example 1 and in Comparison 1 by measuring a luminance.  The
result of this test is shown in FIG. 3. The  accelerated test was made by
applying a driving frequency  (or driving voltage) higher than a rated
value. In FIG. 3,  the unit for driving time along the horizontal axis is
dimensionless in consideration of test time in the  accelerated test, and
the driving time is not an actual  elapsed time. As apparent from FIG. 3,
it was confirmed that the  plasma display in Example 1 including the vacuum
burning  has an advantage over the plasma display in Comparison 1
including no vacuum burning such that the luminance does  not decrease with
the elapsed time to improve the reliability (life). Further, it was also
confirmed that  the plasma display in Example 1 including the vacuum
burning has another advantage over the plasma display in  Comparison 1
including no vacuum burning such that the  luminance is higher in absolute
value, showing good  discharge. Five samples of the plasma display in
Example 1 and  five samples of the plasma display in Comparison 1 were  



subjected to measurement of driving voltages (discharge 33 q 0 voltages).
The result of this measurement is shown in FIG.  4. As apparent from FIG.
4, it was confirmed that the  driving voltage (discharge voltage) according
to Example 1 can be reduced by about 20 V as compared with  Comparison 1.
Further, prior to assembling of the plasma displays  in Example 1 and in
Comparison 1, each second panel 20 as  a unit was set in a Q-mass measuring
device to measure  the intensity of detected impurity gases from each
second  panel 20 as increasing the temperature of each second  panel 20.
The results of this measurement are shown in  FIGS. 5 and 6. In each of
FIGS. 5 and 6, the horizontal axis  represents the temperature of each
second panel 20, and  the vertical axis represents the intensity of
detected  impurity gases. Further, in each of FIGS. 5 and 6,  numerals 18,
44, 55, and 70 indicate the molecular  weights of detected impurity gases.
Specifically, it is  considered that the numeral 18 represents H20, for
example,  the numeral 44 represents C02, for example, and the  numerals 55
and 70 represent an organic substance and a  



hydrocarbon, for example. As compared with Comparison 1 shown in FIG. 6,
Example 1 shown in FIG. 5 has an advantage such that the 34 414 0 intensity
of each impurity gas detected with an increase  in temperature is reduced.
Accordingly, it is expected  that the plasma display assembled by using the
second  panel in Example 1 has an advantage over the plasma  display by
using the second panel in Comparison 1 such  that the impurity gases in
each discharge space can be  reduced. As a result, it is considered that
abnormal  discharge or the like can be reduced in Example 1 as  compared
with Comparison 1, thereby improving the  reliability of the plasma display
according to Example 1. In summary, it became clear that the life of the
plasma display can be greatly extended and the stability  of discharge can
be improved by performing the vacuum  burning after forming the phosphor
layers. Further, it  was confirmed that the impurities in the second panel
can  be removed by the vacuum burning, thereby reducing  abnormal
discharge. Example 2: After forming the phosphor layers 25R, 25G, and 25B  



and burning them in the air at 510 0 C for 10 minutes in the  furnace, the
furnace was evacuated to a vacuum of 1 x 10- 2  Pa at the time the
temperature in the furnace lowered to  430 0 C, and this temperature was
subsequently maintained for two hours. The other steps were carried out as
in 35 Example 1 to complete the plasma display 2. In other  words, the
phosphor burning step and the vacuum burning  step were performed in the
same furnace in Example 2. It  was confirmed that Example 2 can exhibit
effects similar  to those exhibited by Example 1. Example 3: In forming the
phosphor layers 25R, 25G, and 25B  and burning them in the air at 5100 C
for 10 minutes, the  air atmosphere in the furnace was replaced by a dry
nitrogen atmosphere during temperature rising before the  furnace
temperature reached 4300C. The other steps were  carried out as in Example
1 to complete the plasma  display 2. In other words, the air atmosphere in
the  furnace was replaced by a dry nitrogen atmosphere during  temperature
rising in the phosphor burning step to  perform the phosphor burning step.
Thereafter, the vacuum  burning step was performed. It was confirmed that
Example  3 can exhibit effects similar to those exhibited by  Example 1 and
can exhibit an additional effect that any  



adsorbates such as water and hydrocarbons can be removed  more effectively.
It was further confirmed that similar effects can  be obtained also by
using dry air passed through a  moisture removing filter rather than using
dry nitrogen. 36 Example 4: In forming the phosphor layers 25R, 25G, and
25B  0  and burning them in the air at 510C for 10 minutes, the  air
atmosphere in the furnace was replaced by a dry  nitrogen atmosphere during
temperature falling. The other  steps were carried out as in Example 1 to
complete the  plasma display 2. In other words, the air atmosphere in  the
furnace was replaced by a dry nitrogen atmosphere  during temperature
falling in the phosphor burning step  to perform the phosphor burning step.
Thereafter, the  vacuum burning step was performed. As in Example 3, it
was confirmed that any adsorbates such as water and  hydrocarbons can be
removed more effectively. It was further confirmed that similar effects can
be obtained also by using dry air passed through a  moisture removing
filter rather than using dry nitrogen.  Example 5: In forming the phosphor
layers 25R, 25G, and 25B  



and burning them in the air at 510 0 C for 10 minutes, the  air atmosphere
in the furnace was replaced by an oxygen- rich atmosphere (an atmosphere
containing a higher proportion of oxygen than that in the air) during
temperature falling. The other steps were carried out as  in Example 1 to
complete the plasma display 2. In other 37 words, the air atmosphere in the
furnace was replaced by  an oxygen-rich atmosphere during temperature
rising in  the phosphor burning step to perform the phosphor burning  step.
Thereafter, the vacuum burning step was performed.  It was confirmed that
Example 5 can exhibit effects  similar to those exhibited by Example 1 and
can  compensate the oxygen deficiency in the dielectric film  and each
phosphor layer on the second substrate 21.  Example 6: The second substrate
21 was burned in a vacuum of 1  Pa after the phosphor burning step. The
other steps were  carried out as in Example 1 to complete the plasma
display 2. The gas was sealed into the furnace through a  needle valve, and
the gas pressure in the furnace was  controlled to 1 Pa by evacuating the
furnace through a  pump as sealing the gas. In the present invention, the
vacuum burning may be performed in the condition where  



the gas is enclosed in the furnace. It was confirmed that  Example 6 has an
advantage over Comparison 1 such that  the life of the plasma display can
be greatly extended  and the stability of discharge can be improved.
Further,  it was confirmed that the impurities in the second panel  can be
removed by the vacuum burning to thereby reduce 38 If I. abnormal
discharge. However, these effects are less than  those exhibited in Example
1. Moreover, Example 6 has another advantage over  Example 1 such that heat
conductivity to the second panel  can be improved and the burning time can
also be reduced  by setting the gas pressure to 1 Pa. Example 7: The second
substrate 21 was burned in a vacuum of  10 Pa after the phosphor burning
step. The other steps  were carried out as in Example 1 to complete the
plasma  display 2. The gas was sealed into the furnace through a  needle
valve, and the gas pressure in the furnace was  controlled to 10 Pa by
evacuating the furnace through a  pump as sealing the gas. In the present
invention, the  vacuum burning may be performed in the condition where  



the gas is enclosed in the furnace. It was confirmed that  Example 7 has an
advantage over Comparison 1 such that  the life of the plasma display can
be greatly extended  and the stability of discharge can be improved.
Further,  it was confirmed that the impurities in the second panel  can be
removed by the vacuum burning to thereby reduce  abnormal discharge.
However, these effects are less than  those exhibited by Example 1. 39 0
Moreover, Example 7 has another advantage over  Example 1 such that heat
conductivity to the second panel  can be improved and the burning time can
also be reduced  by setting the gas pressure to 10 Pa. Comparison 2: The
second substrate 21 was burned in a vacuum of  15 Pa after the phosphor
burning step. The other steps  were carried out as in Example 1 to complete
the plasma  display 2. Results similar to those in Comparison 1 were
obtained in Comparison 2. 40 CLAIMS: 1. A manufacturing method for a plasma
display  panel, comprising the steps of: 



forming a rib for partitioning a discharge space  and a phosphor layer for
emitting light according to  ultraviolet rays produced in said discharge
space, on a  substrate; and burning said substrate formed with said rib and
said phosphor layer in a vacuum of 10 Pa or less in a  temperature range of
350 to 5500 C after said forming step. 2. A manufacturing method for a
plasma display  panel according to claim 1, wherein said substrate formed
with said rib and said phosphor layer is burned in a  vacuum of 1 Pa or
less in said vacuum burning step. 3. A manufacturing method for a plasma
display  panel according to claim 1, wherein said substrate formed  with
said rib and said phosphor layer is burned in a  vacuum of 1 x 10-1 Pa or
less in said vacuum burning step. 4. A manufacturing method for a plasma
display  panel according to any one of claims 1 to 3, further  comprising
the step of burning said phosphor layer on said substrate in the air before
said vacuum burning step.  5. A manufacturing method for a plasma display
panel according to claim 4, further comprising the step 41 of burning said
rib on said substrate in the air before  said phosphor burning step. 6. A
manufacturing method for a plasma display  



panel according to claim 4 or 5, wherein said phosphor  burning step and
said vacuum burning step are performed  in the same furnace. 7. A
manufacturing method for a plasma display  panel according to claim 4 or 5,
wherein said phosphor  burning step and said vacuum burning step are
performed  in different furnaces. 8. A manufacturing method for a plasma
display  panel according to claim 6 or 7, wherein the air  atmosphere in
the furnace is replaced by a dry nitrogen  atmosphere or a dry air
atmosphere during or before  temperature rising in said phosphor burning
step. 9. A manufacturing method for a plasma display  panel according to
claim 6 or 7, wherein the air  atmosphere in the furnace is replaced by a
dry nitrogen  atmosphere or a dry air atmosphere during or after
temperature falling in said phosphor burning step. 10. Amanufacturing
method for a plasma display  panel according to claim 6 or 7, wherein the
air  atmosphere in the furnace is replaced by an oxygen-rich  atmosphere
during or after temperature falling in said 42 i phosphor burning step. 11.
A manufacturing method for a plasma display  



having a first panel and a second panel with a discharge  space defined
between said first panel and said second  panel, comprising the steps of:
forming a rib for partitioning said discharge space  and a phosphor layer
for emitting light according to  ultraviolet rays produced in said
discharge space, on a  second substrate forming said second panel; and
burning said substrate formed with said rib and  said phosphor layer in a
vacuum of 10 Pa or less in a  temperature range of 350 to 5500 C after said
forming step. 12. A manufacturing method for a plasma display  according to
claim 11, wherein said substrate formed with  said rib and said phosphor
layer is burned in a vacuum of  1 Pa or less in said vacuum burning step.
13. A manufacturing method for a plasma display  according to claim 11,
wherein said substrate formed with  said rib and said phosphor layer is
burned in a vacuum of  1 x 10-1 Pa or less in said vacuum burning step. 14.
A manufacturing method for a plasma display  according to any one of claims
11 to 13, further  comprising the step of burning said phosphor layer on
said second substrate in the air before said vacuum 43 AL burning step. 



15. A manufacturing method for a plasma display  according to claim 14,
further comprising the step of  burning said rib on said substrate in the
air before said  phosphor burning step. 16. A manufacturing method for a
plasma display  according to claim 14 or 15, wherein said phosphor  burning
step and said vacuum burning step are performed  in the same furnace. 17. A
manufacturing method for a plasma display  according to claim 14 or 15,
wherein said phosphor  burning step and said vacuum burning step are
performed  in different furnaces. 18. A manufacturing method for a plasma
display  according to claim 16 or 17, wherein the air atmosphere  in the
furnace is replaced by a dry nitrogen atmosphere  or a dry air atmosphere
during or before temperature  rising in said phosphor burning step. 19. A
manufacturing method for a plasma display  according to claim 16 or 17,
wherein the air atmosphere  in the furnace is replaced by a dry nitrogen
atmosphere  or a dry air atmosphere during or after temperature falling in
said phosphor burning step. 20. A manufacturing method for a plasma display
44 according to claim 16 or 17, wherein the air atmosphere  



in the furnace is replaced by an oxygen-rich atmosphere  during or after
temperature falling in said phosphor  burning step. 21. A manufacturing
method for a plasma display  according to any one of claims 11 to 20,
further  comprising the steps of joining said first panel and said  second
panel after said vacuum burning step to form said  discharge space
partitioned by said rib between said  first panel and said second panel,
and sealing a  discharge gas having a predetermined pressure into said
discharge space. 45 


