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present invention relates to a nmanufacturing ! a plasma displ ay
panel and a manufacturing nethod for a pIasANMWﬂlM mmund nor e
particularly to a manufacturing nethod for a pla%ggwdisplay panel and a
manuf acturing nmethod for a plasma display whereina’rib and a phosphor

| ayer forned on a substrate are burned in a vacuum Background Art Vari ous
types of flat panel displays are being considered as a substitute for a

cathode ray tube (CRT) nmminly spreadat present. Such ml MSpI ays
may include a liquid crystal di§§$%§I¥T£§ﬂ, electro | mw&wm |m spl ay
\ 5P d

(ELD), and plasma display (PDP). O these displays, the pl i spl ay has
many advantages such that a screen size and a view ng angle can be
relatively easily enlarged, the resistance agai nst

MANUFACTURING METHOD FOR PLASMA DISPLAY PANEL AND

MANUFACTURING METHOD FOR PLASMA DISPLAY

Technical Fieid

The preésent 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 spread at present. Such flat panel displays may
include a liqﬁid 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,



warious environnental factors such as tenperature, 1 Wl magnetism and

- vibrations is high, and the [ifetime is long. Accordingly, the applications
“to a wall -nounted TV for hone use=and | arge-si ze information tern na
equi pnent for public use are being expected. The plasma display is a

- display such that a voltage is applied to a discharge cell forned 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 emnission fromthe phosphor layer. That is, the discharge
cell is drinaEmeniime 31d ntipratising 18 high haandfthe ¥ifeftioosers | anp.
Usual I'y, hundreds of thousands of discharge cells are collected to
confi gure orngli spicaprdsdogdan. thiee appdsica tdiogysl ap ias wgélemahinted avsi fi ed
into a direct-current driven type (DC type) and an alternating- current
driven typefdrAQdme)sacoot diampd-sidee imtterndfti@ppiéainon of the vol tage
to each discharge cell. Each type has nerits and denerits. In the AC type

pl asne di spqyipmdibts faf pydrid isanidye i dapshadg di scharge cells in
the display screen may be arranged in the formof stripes.
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 meriﬁs 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



*Acconrdi ngly, this type plasma display is suitable for high-resolution.-:

- Further, the surface of each electrode 2 is covered with a dielectric
| ayer, so that each electrode is hard to wear, thereby contributing to a
long life. In a currently comrercialized 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 plasm
display is reported. However, in the case that the | um nance becones
hi gher than the current value by two or three tines, the life is expected
to becone shorter. Therefore, the further extension of the life is one of
the future iprobiernd twitle sodiekctitic |Idwenf shethal reanh pl asma di spl ay
is determned by deterioration in |umnance. Al though the deterioration
in | um nancelecstwmdesiitersrd ocdhevaiue, tthereletarn oridtutomofteachl gimsphor
| ayer and a deterioration of a protective film a reduction in purity of
the discharg®egas is also a large factor. In a conventional manufacturing
nmet hod for a plasma display, ribs and phosphor |ayers are forned on one of
the substrates congtiat guir?@ntthg Roasercdiagplzay, aanayihke plsghst rate forned

with the ribs and the phosphor |ayers is
display, therstability 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 cﬁnventional 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 1s required until a
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:mext Hburned in the air in a furnace. Thereafter, the furnace is evacuated.
- However, tine is required until a 3 sufficient vacuumis reached. Further,
“after conbining the panels and sealing a discharge gas into each
di scharge space, gases are generated fromthe phosphor |ayers and the
- ribs, causing a reduction in purity of the discharge gas sealed in each
di scharge space. As aresult, the life of the plasm display is reduced.
It is accordingly an object of the present invention to provide a
manuf acturing nmethod for a plasma display panel and a nmanufacturing nethod
for a plasma display which can inprove the purity of the discharge gas in
each di schanddisispd aftcanurcdisbingiacdeche puntherandftecatpmginhegdi schar ge
gas into each discharge space, so that the lifetinme can be extended and
t he di scharthe yeainedge atan skea liaduaed itschamgeova st Hatst &faidhi ty of the
di scharge voltage. Disclosure of Invention According,to the present
i nvention, dikeharge pHavededade¥nRtiacidndrad getfieth ftove dhplsgsma di spl ay
panel, including the steps of formng arib for partitioning a discharge

space and g sPher lkageriber, @listihigng lHediictaeeord R tiayulder aieol et
rays produced in the discharge space, on a substrate; and burning 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 dischﬁrge 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 mahufacturing method for a plasma display
panel, inclu@ing the steps of forming a rib for
partitioning é 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



»substrate formed with the rib and the phosphor |ayer in a 4 vacuum of 10 Pa
- or less, preferably 1 Pa or less, nore preferably 1 x 10-1 Pa or less in a
“tenperature range of 350 to 5500 C after the formng step. According to
the present invention, there is provided a manufacturing nmethod for a
-_plasna 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 formng arib for partitioning the discharge space and a phosphor
| ayer for emtting |light according to ultraviolet rays produced in the
di scharge: space, on a second substrate formng the second panel; and
bur ni ng t heasuwst pht £0fBaneH Weeh, t RESTRraLA¥dIt Re PRosPRSr TAFRr in a
vacuum of 10 Pa or less, preferably 1 Pa or less, nore preferably 1 x 10-1
Pa or | esprefenabeyper at uk® rBageroless0inoas55e0PEratrveer FRARIST DF mi ng
step. The degree of vacuumin the vacuumburning is I|imted only by 10 Pa
or |ess, psebetabby)Cl drenr dressorminre siregf.erably 1 x 10-1 Pa or | ess,
especially preferably 1 x 10-2 Pa or less. Wile it is better to set the
vacuum as snmal |l mscqasisidl ey thd qywersdntn indfentidre, vidrmenis det er m ned
by the limtations of a vacuum device or the Iike.
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 107! Pa or
less in a temperature range of 350 to 550°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 107! Pa or less, especially preferably
1 x 1072 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



-Further, the burning tenperature in the vacuum5 burning nust be set to
- 350C or nore, so as to attain the effects of the present invention.
"However, an upper |limt for the burning tenperature is determ ned so as
not to degrade the em ssion characteristics of the phosphor, and is set
-to preferably 400 to 450C. Preferably, the manufacturing nmethod of the
“present invention further includes the step of burning the phosphor |ayer
on the substrate in the air before the vacuum burning step. The burning
tenperature in the air is not especially limted, but normally set to
about 500 to 600C . Preferably, the manufacturing nethod of the present
i nventi on fourrherg imuetudes sdte tst §5WE burmbng,t ke abbtonatthénsthstrate in
the air before the phosphor burning step. Preferably, the phosphor burning
step and t e featsumburhe g esteeyt amereperifar .nedoiwevelre sanmeppernadmit
Al ternatively, the phosphor burning step and the vacuum burning step may
be perforngdd nhd ihamanly fuenpaoessudy eferdddepmiidel aild af mspheye in the
furnace is replaced by a dry nitrogen atnosphere or a dry air atnosphere

during or hkrig¥=Rid efReatiWsa dr FHMddt drhies t RO I Ah D WHY SHhoH ERnd
Alternatively, the air atnmosphere in the furnace may be replaced by a dry
NItrogen js set to preferably 400 to 450°C.

Preferébly, 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 600°C.

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



»at nosphere or a dry air atnosphere during or after 6 temperature falling in
- the phosphor burning step. By replacing the air atnosphere in the furnace
"by a dry nitrogen atnosphere or a dry air atnosphere, any adsorbates such
as water and hydrocarbons can be renoved nore effectively. Preferably, the
-.air atnosphere in the furnace is replaced by an oxygen-rich atnmosphere (an
at nosphere containing a higher proportion of oxygen than that in the air)
during or after tenperature falling in the phosphor burning step. By
replacing the air atnosphere in the furnace by an oxygen-rich atnosphere,
t he oxygen ‘deficiency in a dielectric filmand the phosphor |layer on the
second subsemaeeatcamebdaddipensat etie phofsphall burniegnenebact BYi ng net hod
for the plasma display according to the present invention further
i ncl udes t krep3tepagoftheoianirng timbephierst iparndl fmdnelee byeeoddypanel after
the vacuum burning step to formthe discharge space partitioned by the rib
bet ween t haikirbglen pamelsphrdet be secand spaneltmoapteseql ang a di scharge gas
having a predeterm ned pressure into the discharge space. According to the

present inygRbir@Atekh@uabowe- wikkld @R hyATbe@BoNRI Ban Hepekiorerd after
form ng the phosphor layer, so that the purity of the discharge gas
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 iﬁ 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 theisteps 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.

Accordgng 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



sirn t he di scharge space can be inproved after conbining 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
inmprove the stability of the discharge voltage. Brief Description of

".Drawings FIG 1 is a schematic sectional viewin perspective of an
essential part of a plasma display according to a preferred enbodi nent of
the present invention. FIG 2 is a graph showi ng the relation between
burning tinme and burning tenperature in vacuum burning in an exanpl e of
the present invention. FIG 3 is a graph showing the results of an

endur ance abeebanaledandssepddagoninpl déaahargpl 438 i1a&eofBPng to an exanpl e
of the present invention and a conparison. FIG 4-is a graph show ng the
resul ts of dilsshhapgespuokt agecoeadimehent tivadel Hetihe piasta di spl ays
according to the exanple and the conparison. FIG 5 is a graph show ng the
result of exkfesdedneasutkpedisnhdegenvalsegendapabkel raguaednktd according to
the exanple. FIG 6 is a graph showing the result of Q mass neasurenent
made on a sepeddepanel saabalimiyt odcebreddngcharge 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 embbdiment 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 exampIe 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



28 therconpari son. Best Mdde for Carrying out - the Invention A preferred
- enbodi ment of the present invention wll 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 enbodi ment of
.the present invention; FIG 2=is a graph showi ng the relation between
“bur ni ng tinme and burn| ng tenperature in vacuumburning in an exanple of
the present invention; FIG 3 is a graph showing the results of an
endurance accel erated test nade on plasma di splays according to an exanple
of the present invention and a conparison; FIG 4 is a graph show ng the
resul ts of tdiesclompgeiswel.t age neasurenent nade on the plasma di spl ays
according to the exanple and the conparison; FIG 5 is a graph show ng the
result of Q mass neasurenent nmade on a second panel as a unit according to
the exanple; and FIG 6-is a graph show ng the result of Q nass neasurenent
made on a |esandoi@ndorasaa nyriing ataordiendniventtienconpari son. 9
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.



“aGener.al Configuration of Plasma Display: - There will first be described a
-general configuration of an alternating-current driven type (AC type)

‘pl asma display (which will be hereinafter sonetines referred to sinply as
pl asma display) with reference to FIG 1. Reference nuneral 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 em ssion from phosphor |ayers 25R, 25G and 25B on the
second panel 20 i SepkgedvEdnifiovrgitiohe ofi PdBsmgaRélsriey:for exanpl e. That
is, the first panel 10 is on the side of a display screen. The first panel
10 i s conposed of Taetreamspdr diitrstf bestiesglydbedt @ Yeneaapl urality of pairs
of sustain electrodes 12 forned of a transparent conductive material and
arranged orcdrhfe dursticubst raat ealltlerme tieyformeft dtiniqresiyrse b el ect r ode
13 formed of a material having an electrical resistivity |lower than that
of each susiygid) Elanid aftesglavndvipray iviied thee redteimd fied eedatices0f each
sustain electrode 12, a dielectric layer 14 forned on the 10

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 lé 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



sfirst.substrate 11 so as to cover the bus el ectrodes 13 and the sustain
-electrodes 12, and a protective layer 15 forned on the dielectric |ayer

"14. Al though the
formed. On the ot

protective layer 15 is not essential, it is preferably
her hand, the second panel 20 is conposed of a second

-substrate 21, a plurality of address electrodes (also called data

“el ectrodes) 22 ar
a dielectric fil
cover the address
on the dielectric

ranged on the second substrate 21 in the formof stripes,
m (not shown) formed on the second substrate 21 so as to
el ectrodes 22, a plurality of insulating ribs 24 formed

filmso that each rib 24 is |ocated between the adjacent

addr ess el détisddebErragead it goextseri® Favan dhe dusach ecdd@dess 18l ect r ode

22, and a plurali

ty of sets of phosphor |ayers each forned on the

di el ectri c and ralendustaie elgpposetssilde wald @ @iratestdgjeadanyer ilds 24.

Each set of phos

phor | ayers is conposed of a red phosphor |ayer 25R, a

gr een phosfhamddayer t2EGdiaitctdiloud gpfeasiar BRayeoughBtheFIG 1.is an

expl oded perspect

ive view of an essential part of the plasna display 2,

and in act gHotidir i O Mfercadh ifs o4 fsdriig a3gcand ipapale f2Qab3yi N cont act

with the protecti

ve layer 15 of the first panel 10. The region where each

pair of susigimgagl ectrodes 12 and each 11

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. liis 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 proﬁective layer 15 of the first panel 10. The

region where each pair of sustain electrodes 12 and each

11



sgddress el ectrode 22 | ocated between the adjacent ribs 24 overlap each

- other corresponds to a unit discharge cell. A discharge gas is sealed in a
“di scharge space 4 surrounded by the adjacent ribs 24, each of the phosphor
| ayers 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 Iimted. Exanples of the discharge gas nay include an inert
gas such as xenon (Xe) gas, neon (Ne) gas, helium (He) gas, argon (Ar) gas,
or nitrogen (N2) gas, and a m xed gas of these inert gases. The total
pressure ofddfesdi séhaEFedgadZsbarededsbebreen the 2dngeenbfripdutd 6 x 103
to 8 x 104 Pa, but not especially Iimted. The direction of extension of a
proj ect ed dvegkapfeaechchtbastapnrespendsdec 12 andtthesdhargei ol bf
extension of a projected inage of each address el ectrode 22 are

subst anti akl gischapgengast bseachledhin &tdischarghogoaatity- is not
essential) . The region where each pair of sustain electrodes 12 and each
set of phosphsountiajiebg 2HR, a@b&cenndr268 24 ttanly of ghhe ophodplesr pri mary
col ors overlap each other corresponds to a pixel. Since glow discharge is
produced beitwees g£8rh pBG; 8hdspsbai andetretpodesci2veénlépersase pl ane,

this type of plasm 12
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
(N;) 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 10* 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



sdispltay is referred to as "surface discharge type". Imrediately before

- applying a voltage between each pair of sustain electrodes 12, a panel
“voltage | ower than a breakdown voltage in the discharge cell is applied to
the correspondi ng address el ectrode 22, for exanple, so that wall charges
.are accunul ated in the discharge cell (selection of the discharge cell to
“be driven) and an apparent breakdown voltage is reduced. Subsequently, the
di scharge started between each pair of sustain electrodes 12 can be
sustained at a voltage | ower than the breakdown voltage. In each discharge
cell, vacuumultraviolet rays are produced according to the gl ow di scharge
in the di schiargévcdld redfied neak oplass plsorr fampe diisshexgiet eypiey’ - i rradi ati on
with the vacuumultraviolet rays to thereby exhibit a specific |um nous

col or accorlgimeg itadetllye Hefiedbe @fprtllyd ngatee vicdltagfe tetwelens plaah payier . The
vacuum ul travi ol et rays have a wavel ength according to the kind of the

di scharge @3S siraladth iglddradieschar,ga galdel Tha tploasmewdirsphay 2 accordi ng
to this preferred emnbodinent is a so-called reflective plasna display, and

the em ssi grdaxaBwnherdiiiegNanm [taeids s2hRr#bGe1and 25Bpliisdohserned
through the first panel 10. Accordingly, the conductive material formng

each addr es% 8lRPIRAN P AdEEs DR USANTRRY O, ForORAKAMS] HoweV hatt he

conductive 13
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 fays have a wavelength according to the kind
of the dischérge 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 Ehrough the first panel 10. Accordingly, the

conductive material forming each address electrode 22 may

be transparent or opaque. However, the conductive

13



<" material formng each sustain electrode 12 nust be transparent. Wet her
the conductive material described herein is transparent or opaque is based
“on the light transmssivity of the conductive material in a |um nous
wavel ength region (visible light region) inherent in the material of each
" phosphor |ayer. In other words, if the conductive material formng the
'sustain electrodes or the address electrodes is transparent to |ight
emtted from the phosphor layers, it can be said that this conductive
material is transparent. Exanpl es of the opaque conductive material may
include Ni, A, Au, Ag, A, Pd/Ag, C, Ta, Cu, Ba, LaB6, and
Ca0, 2La0. 8@at®r g de nryrcheagded usdladiny edecitirodeodi matsitolre Exanpl es of
the transparent conductive nmaterial may include I TO (indiumtin oxide) and
Sn02. The tnaisparesitect Whdebet2tbe thedadiiessmateciadbddes@libmg be
formed by sputtering, evaporation, screen printing, sand blasting,
pl ati ng, omhdrndimn dfsf gramsessenfrororexapuve. iEh@awiedt bnoftheadl giittst ai n
el ectrode 12 is set in -the range of about 200 to 400 "m but not

especi al | y tdansintied i vig @difsttinreedehuwrarecachcpdial ah austaiihouel ect r odes
12 is set preferably in the range of about 5 to 150 "m but not especially

limted. Thevwidiytdf eaGhbn add-asl £h8eh0de@q3dn)s is8lkerentt Re kaage of
about 50 to
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 phosphorrlayers, 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, LaBs,
and Cap.z2Lag.sCrO3, which may be used solely or in
combination. Examples of the transparent conductive
material may include ITO (indium tin oxide) and SnO,. 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. Theidistance 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
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«14 100 "m for exanple. Each bus electrode 13 is forned typically froma
-metal material such as a single-layer netal filmof Ag, Au, A, N, Cu,
Mo, or Cr, for exanple, or a nultilayer netal filmof C/Cu/Cr, for
exanple. In the reflective plasm display, each bus el ectrode 13 forned of
"such a nmetal material may reduce the anount of visible light emtted from
each phosphor |layer and to be transmitted through the first substrate 11,
causing a reduction in lum nance 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 sustaill0 eMecfpddex@@rlBe obtained. Specifically, the width of each
bus electrode 13 is set smaller than the width of each sustain electrode
12, e.g., in the Fapgebo$ aboutrede 1d PoOfowmedheyiusaklecirades 13 may be
formed by sputtering, evaporation, screen printing, sand bl asting,
pl ati ng, omeltiflt mafterprdcessh fer aesanplle-l@herdimekedt fidml afehgld f or med
over the surface of the sustain electrodes 12 is fornmed preferably on the
basi s of ehagt nan Beamcayaper,abiroQyr,sfivtt examgleyacuum mavapoageiron, or
screen printing, for exanple. The dielectric |ayer 14 can prevent direct
contact of me®d3 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, eﬁaporation, screen printing, sand blasting,
plating, or 1lift-off process, for example.
The diélectric 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
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45 and el ectrons 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 accunul ating wall
charges generated in an address period, a function as a resistor for
"limting an excess discharge current, and a nenory function of sustaining
"a discharged state. The dielectric layer 14 may be forned typically of
| ow-nelting glass. However, it may be forned of any other dielectric
materials. The protective layer 15 fornmed on the surface of the
dielectric layer 14 so as to be exposed to each discharge space functions
to prevent anhd ehegmngtgaferatrd iioneanid dlsadtanges spade theigdst ai n
el ectrodes. As a result, wearing of the sustain electrodes 12 can be
ef fecti vel ytlpr enettasich €llertpradesctlid/ie Rayer réSuadltsowehunogi oAisthe em t
secondary el ectrons required for discharge. The protective |layer 15 may be

formed of smegnels whapdedddVD) canmagnesiavarfdedor i dee( MyE2gctotc cal ci um
fluoride (CaF2) , for exanple. O these materials, magnesiumoxide is a

sui tabl e netagrdallhadnag VI diison ORIt aafi mherdlQaldhadijegh stability,
| ow sputtering rate, high transmssivity of light in the |um nous
wavel engt h gt @RGH RN daVi®d, Ad W ion 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 prbtective 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 toremit secondary electrons required for
discharge. The protective layer 15 may be formed of
magnesium oxide (MgO), magnesium fluoride (MgF;), or
calcium fluofide (CaFy), 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
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+16 br.eakdown vol t.age. Alternatively, the protective layer 15 my have a
~multilayer structure fornmed of at |least two kinds of materials sel ected
“fromthe group consisting of the above-nentioned materials. The first
substrate 11 and the second substrate 21 nmay be fornmed of high-strain
"glass, soda linme glass (Na20 ' CaO Si02) , borosilicate glass (Na20 B203
' Si02) forsterite (2MgO"' Si02) , or lead glass (Na20 PbO ' Si02) for
exanple. The materials of the first substrate 11 and the second substrate
21 may be the sane or different from each other. The phosphor |ayers 25R,
25G, and 25B are forned of a phosphor nmaterial selected fromthe group
consi st i ng lofeakgowsd vdlgiageen Alicagnphovsphyr fheepratechiyeebayer ghd
emtting phosphor material, and a blue light emtting phosphor material,
and t hey amayprhamaded malldvid syeer sdduicgss eelfecimeddes 22, lleastthéwoase t hat
the plasma display is adapted to col or display, the phosphor layers 25R
25G and 25Brate e tfercia lsy sslreariged firont de igalodupwicog sistiey. ofhe
phosphor | ayer (red phosphor |ayer 25R) fornmed of a red light emtting
phosphor nadtey iadoves-mairdriell nalied aqee address el ectrode 22, the phosphor
| ayer (green phosphor layer 25G formed of a green light enmitting phosphor
material is provi ggd #bove anekRebte 11 and the second substrate 21

may be formed of high-strain glass, soda lime glass

{Na;O * Ca0 * 8i0;) , borosilicate glass (Na0 * B;03°* Si0;),

forsterite (2MgO * SiQO;), or lead glass (Naz0 * PbO *Si0Qz),

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. 1In 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 df 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



«17 address electrode 22, and the phosphor |ayer (blue phosphor |ayer 25B)
-fornmed of a blue Iight enlttlng phosphor material is provided above yet
“anot her address el ectrode 22. These phosphor layers for emtting three
primary colors constitute one set and are arranged in a predeterm ned
“order. As nentioned above, the region where each pair of sustain
el ectrodes 12 and each set of phosphor |ayers 25R, 25G and 25B for
emtting three primary colors overlap each other corresponds to one
pi xel . The red phosphor |ayers, the green phosphor |ayers, and the blue
phosphor | ayers may be arranged in the form of stripes or lattice. As the
phosphor madériesiss edf cttredgh@dphendl her phogpRoro2dayesnde288, phosphor
material s having high quantum efficiency and |ess saturation to vacuum
ul travi ol ephospdormapyvies 25B)alfloymed edt edblmemlaaptcomiéninenal phosphor
materials known in the art. In the case of adapting the plasma display to
col or di splpaysphbri maprefiarlaliise providedbabevehgsphenorheer addsese t hat the
color purities are close to the three primary colors defined by NTSC, that
a white ballargeods achi evRdsenphoxphgrt heyéhs eoprembtyingotiorse that the
afterglow tine of each color is short, and that the afterglow times of the
three pri mprydma@h0icslodise conmktlidittieabnyg ke sadare 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 threé 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 theiafterglow times of the three primary colors

are substantially the same.
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18 Specific exanples of the phosphor materials are as follows: Exanples of
“the red light emtting phosphor material may include (Y203 : Eu) , (YBO3 :
Eu) , (YV04 : Eu) (YO 96PO 60VO 4004 : Euo. 04) , [ (Y, &d) BO3 :

(&B03 :
" Exanpl es

(ZnSi 02 M) (BaA112019 : M) , (BaMB2A116027 : M) (MyGa204 Wn) (YBO3 :
, (LuBO03 :

emtting

Eu) , (ScB03 : Eu) , and (3. 5MyO 0 0. 5MyF2 0 Ge02 : Mh)

of the green light emtting phosphor material may include

Tb) , and (Sr4Si308C4 : EU Exanples of the blue |ight

Eu ,

Tb)

phosphor material may include (Y2Si(G6 : Ce) , (Caw4 Pb) CaW4,

YPO. 85V0. 1504, (BaMyAl14023 : Eu) , (Sr2P207 : Eu) and (Sr2P207 : Sn) .
phosphor |ayers 2SREC2EES aramphes nal Bee fphemphobynateriaks fa¥ena¥inting

met hod,

a nethod of spraying phosphor particles,

appl yi ng ahcla@mWési ve material to a regi on where each phosphor |ayer

be fornmed and next depositing phosphor particles to
a method of usi ngExaphoessehsthé veed phbgiphoempasirg aritosaiteer ni ng each
t he photosensitive phosphor paste by exposure and

phosphor

| ayer from

The

a nmethod of prelimnarily

isto

t he adhesive materi al,

devel opnmentmaterialnekliyodneflufier ivpds a EFhosphirBdsayeEupyenyvohe: suf ace of
t he substrate and next renpbving an unwanted portion fromthe phosphor
by sand bl a%bise®s.60Vo.4004 : Euo.04) , [(Y, Gd)BO3 : Eu], (GdBO3; : Eu),

(ScBO3; : Eu), -and (3.5MgO * 0.5MgF;* GeO; : Mn). Examples
of the green light emitting phosphor material may include
(ZnSi0Oz : Mn), (BaAl;;019 : Mn), (BaMgzAli1s0z27 : Mn),
(MgGaz04 : Mn), (YBO3 : Tb), (LuBO3 : Th), and

(Sr48i308Cly : Eu). Examples of the blue light emitting
phosphor mate?ial may include (Y,S5i0Os : Ce), (CaWO, : Pb),
CaWOg, YPy.85Vo.1504, (BaMgAli 4023 : Eu), (SraPy07 : Eu), and
(SrzP207 : 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
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19 for exanple. The phosphor |ayers 25R 25G and 25B may be forimed
-directly on the address el ectrodes 22 or fornmed over the address
“el ectrodes 22 and the side walls of the ribs 24. Further, the phosphor
| ayers 25R, 25G, and 25B may be formed on the dielectric filmprovided on
"the address electrodes 22 or forned over the dielectric filmprovided on
the address el ectrodes 22 and the side walls of the ribs 24. Further, the
phosphor |ayers 25R, 25G and 25B may be forned on only the side walls of
the ribs 24. The dielectric filmmay be formed of lownelting glass or
Si2, for exanple. As nentioned above, the ribs 24 extending parallel to
t he addressf estaile®s 22 are formed on the second substrate 21.- The ribs
24 may have a neander structure as a nodification. In the case that the
dielectric filmi§hef phosphon fhygesecadhd,sdbétrand 23Bamdyt he &ddmeds
el ectrodes 22, the ribs 24 may be fornmed on the dielectric filmin sone
case. The rdibse=dlyreyn behd arddac s sofe lagot adese gl enalf onmedl atvieng tineet er i al s
known in the art. For exanple, the ribs 24 nay be formed of a materi al
obt ai ned byaddrdsry dliciradde S unil ahalditienaalld of thel tding @ldass wi dely
used. Each rib 24 has a width of about 50 "mor |ess and a hei ght of about
100 to 150 FyRther, 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 SiO;,
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,
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20 for exanple. The pitch of the ribs 24 is about 100 to 400" "m for
-exanple. The ribs 24 may be forned by screen printing, sand bl asting, dry
filmprocess, or photosensitive process, for exanple. The dry fil m process
i ncludes the steps of lamnating a photosensitive filmon a substrate,
“renoving a portion of the photosensitive filmin a region where each rib
is to be formed by exposure and devel opnent, filling openings formed by
t he above renoving step with a naterial for formng the ribs, and finally
burning the substrate. The photosensitive filmis burned to di sappear by
the burning step, and the rib formng material filled in the openings is
left to obtdh ¥ Rids The PhéEChpRét $8ensibpvé4piscabsuitnéPldes #AB steps
of formng a rib form ng material |ayer having photosensitivity on a
substrate, uttfeniepnmlerib formng material |ayer by exposure and
devel opment, and finally burning the substrate. By coloring the ribs 24 in
bl ack, a so-cal | edheblrable 2ét may- ben foemkdr bgdstoethepebyptobyai sandhi gh
contrast on the display screen. The ribs 24 may be colored in black by
usi ng a colwragtelsict dmt efilal prelaysed dm dhlcawls ens ittierd idyofc@ysisi,ng process.
Each discharge cell is fornmed by the adjacent ribs 24 fornmed on the second
substrate Zbr eatdingiad I Che 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
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21 sustain electrodes 12 present in the region surrounded by the adjacent
--ribs 24, each address electrode 22 present 1in this region, and each of

‘t he phosphor | ayers 25R, 25G and 25B present in this region. The

di scharge gas such as a mxed gas is sealed in each discharge cell, nore
“specifically in the discharge space surrounded by the adjacent ribs. The
‘phosphor layer 25R, 25G or 25Bis irradiated with ultraviolet rays
emtted on the basis of the AC gl ow di scharge produced in the discharge
gas in the dischargespace 4, thereby emtting |ight. Manufacturing Method
for Plasma Display: A manufacturing nmethod for the plasma display
accor di ng sustthénpedreitredeenbddbmenensdf inhshpr seghen puyespundadwby| now be
described. The first panel 10 may be fabricated by the follow ng nethod.
First, an kT@ kdjecens frobsed4byeasputtidreng, electerdaple, poasehe entire
surface of the first substrate 11 of high-strain glass or soda |ine

gl ass. TheihT@nliayeegisnnexhdpatter nédtha phespbhom dayessr2pRs B§G,

phot ol i t hography and etching to thereby form the plurality of pairs of
sustai n el gelr edes pkdseh@Cchn sHskarBgebact roge dsendBsisgd sudh rad

direction. An alumnumfilmis next forned by evaporation, for exanple, on
the entireasuskageqak tBesthish sHbsheat @iddharge cell, more

specilfically 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 discharge space 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
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22 so‘'as to cover the sustain electrodes 12. The aluminumfilmis next
-patterned by photolithography and etching to thereby formthe bus

‘el ectrodes 13 on the sustain electrodes 12 al ong one side edge thereof for
each. Thereafter, the dielectric layer 14 O 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 magnesi um
oxide (Mgo) having a thickness of 0.6 mis forned on the dielectric |ayer
14 by el ectron beam evaporation. Thus, the first panel 10 is conpl eted.
The second panel 20 is fabricated by the following nethod. First, a silver
paste is priotad i adved dim cfuststim pdediyosiersedr? .pr Thei aguoantihe second
substrate 21 of high-strain glass or soda |line glass. The silver paste
printed is fiebd dumeed tpa ttteemedsy dyophotted igdddoesphyelasct redacdds 2?2 .toEach
address el ectrode 22 extends in a second direction orthogonal to the first
di rection. thdwigaffiorm thd g edltddig agleas I 3past eleayarstainf orned on the
entire surface of the second substrate 21 by screen printing so as to

cover the addiessRieaty @Q%%f?oneﬂw__dé Qitgeetet@ o Fos RAge | ayer is next
burned to thereby formthe dielectric film Thereafter, a |lownelting
gl ass pasteris U itdLd e dielectric layer 14 of SiO, 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 i1s formed on the dielectric
layer 14 by electron beam evaporation. Thus, the first
panel 10 is éompleted.

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, é 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 élass paste layer is next burned to thereby
form the dielectric film.

Thereafter, a low-melting glass paste is printed by
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23 scr'een printing on the dielectric filmin a region between the adjacent
-address el ectrodes 22. The second substrate 21 is next burned in a burning
‘furnace to form the ribs 24. This burning (rib burning step) is perforned
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

t he phosphor layers 25R, 25G and 25B each on the dielectric fil m between
the adjacent ribs 24 and on the side walls of the adjacent ribs 24. This
bur ni ng ( plEesistesy Badmtilng srefhs sliegectaiged lilm e @airf9aPRabout 510- C
for about 10 mi nutes. Thereafter, the second substrate 21 fornmed with the
ri bs 24 anddthegrhddphedjlaaearts aZiEiRes256l eandodsB 28 . blh@eseapdér vacuum
(vacuum burning step) This burning is perfornmed in a vacuum of 10 Pa or

| ess, prefendddtyralte R4 drs Inest, bwomedprief er oy ibhox fu@nacla tor flogss,
especially preferably 1 x 10-2 Pa or less in a tenperature range of 350 to
550t , preftraallipsA0Q .t 0TARE80bGrnIhg (biubnbugniegpetapur ks apdrfbembddr ni ng
time in this vacuum burning step are determ ned so that the dielectric

film and tihe tHd$ 124 QN dRSERRT BePsiBaie o asurot nelted
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 510C 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 107! Pa or less,
especially preferably 1 x 10" Pa or less in a temperature
range of 350 to 550C, preferably 400 to 450°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
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24 and that the characteristics of the phosphor l|ayers 25R  25G and 25B
*are not lost. . The phosphor burning step and the vacuum burning step may
"be performed in the sanme furnace or in different furnaces. Thereafter, the
pl asma display is assenbled in the followi ng manner. First, a sealing
“layer is fornmed over a peripheral portion of the second panel 20 by screen
printing, for exanple. The first panel 10 and the second panel 20 are next
attached together and burned to harden the sealing |ayer. 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
seal ed to cowbltdeg tthe Shagms teirdsitays2 o fTRSee PRCSPhRsW1BY edés@PRbed an
exanple of the AC gl ow discharge operation of the plasma display having
such a confadSgur andor2.5BFiarst nod gaxsdl. vol tage hi gher than a breakdown
voltage Vbd is applied to one of each pair of sustain electrodes 12 for a
short period of tThe. pAssphorebukhingl stedi soiatije vacpumdugedihg generate
wal | charges due to dielectric polarization on the surface of the
di el ectri c dtayemalsd den ddref otimzidniiy tofe tsheecofarnawst airn iel edififedenaf each
pair. The wall charges are accunulated to reduce an apparent breakdown
vol t age. 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.
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25 Y .Thereafter, a-voltage is applied to each address electrode 22 and at
-the sane tine a voltage is applied to the one sustain electrode 12
“included in any discharge <cell not be driven, thereby producing gl ow
di scharge between this address electrode 22 and this sustain electrode 12
"to erase the accunul ated wall charges. This erasing discharge is
sequentially perforned 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 accunulation of the
wal | charges is maintained. Thereafter, a predeterm ned pulse voltage is
appl i ed bBheseafeach pavplopgsuss aprpPel et Fodeach2agdrenereby start gl ow
di scharge between each pair of sustain electrodes 12 in the_ discharge
cell's in whlehtrhdewdkl andhatgebehasme beéne agcuplitagedis| apedehddigschar ge
cell, the phosphor |ayer excited by the irradiation with the vacuum
ul travi ol etheagaeeputtadnoaltherbdsi 32ointhedgliobn adngciasgkarget he
di scharge gas contained in the discharge space exhibits a specific
| um nous cekdl aeeondi agitent hehekebd pfotiheiphogpberdimtbairgk. The phase
of the sustain voltage applied to one of each pair of sustain electrodes
and the phpseweknt hRisusHakBs¥Oklagerappl 22dah@ thesoshstain
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
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sustai'n el ectrode in each pair are shifted fromeach 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
met hod for the second panel 20 in this preferred enbodi nent, the above-
"nmentioned vacuum burning is perforned after formng the phosphor |ayers
25R, 25G and 25B, so that the purity of the discharge gas in each
di scharge space 4 can be inproved after conbining the panels 10 and 20 and
sealing the discharge gas into each discharge space 4. Accordingly, the
lifetinme can be extended and the_ discharge voltage can be reduced. O her
Preferred ERBRRF nentd:hahle Rrekeht an et drlariiet of rady 3w above
preferred enbodi nent, but various nodifications may be made within the
scope of theleeesede l1avehtinrertrs acscomdiang tte Bpeciféquencwcifire of the
plasma display in the present inventionis not limted to the preferred
enbodi ment shewnl terid@Gnd, clrteramy ot her structures may be adopted. For
exanple, while the plasna display shown in FIG 1 is a so-called
three-el ectrode Ay diagmaodithel aynutfhe tplrdsiga mditshplkday cacadredi ng to the
present invention nmay be a so-called two-el ectrode type
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
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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 i nage of
one of each pair of sustain electrodes extends in a first direction, and
“the projected imge of the other sustain electrode in each pair extends in
a second direction different fromthe first direction (preferably,
substantially perpendicular to the first direction) Thus, each pair of
sustain el ectrodes are opposed to each other. In such a two-electrode type
pl asma display, the termof "the address electrode” in the description of
t he above qireefterades démbddinmedt omayhiee figpitacad sy attise teexdmtdfe "t he ot her
sustain el ectrode" as required. Further, while the plasma display according
to the abowhqy efietada eteadinvelrt ins eachopedld e rfefrmect ione thel asna

di splay such that the first panel 10 serves as a display panel, the plasnma
di spl ay aceddiniy dubsidiateqr esapthenyesheopronychedainageablfedner afism ssive
plasma display. In the transm ssive plasma di splay, however, the em ssion

from each phespharid ayersustaahs need ridueeueik tidirls secend ipanel 20.

Therefore, although the conductive material for form ng the sustain

el ectrodes gyay38 o | AIRPAHNH O RRRGUE malgfee A RS t@leBCIshRARS 22 nmust be
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
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{ransparent because they are fornmed on the second 28 substrate 21. Further,.
-whil e the phosphor burning step is perfornmed in the air under atnospheric
‘pressure in the above preferred enbodi ment, the air atnosphere in the
furnace nmay be replaced by a dry nitrogen atnosphere or a dry air
“atnosphere during or before tenperature rising in the phosphor burning
"step according to the present invention. Alternatively, the air atnosphere
in the furnace nay be replaced by a dry nitrogen atnosphere or a dry air
at nosphere during or after tenperature falling in the phosphor burning
step. By replacing the air atnosphere in the furnace by a dry nitrogen

at nospher e sgbstgadey 2ai.r at nosphere, any adsorbates such as water and

hydr ocar bons can be renoved nore effectively. Further, the air atnosphere
in the furnace najubtherepilatke bye aphoxylyen-buchiag neseheie during or
after tenperature falling in the phosphor burning step. By replacing the
ai r at nospperéormetingnf thraaerbyndproxygespheehcaprespheee int haeoxygen
deficiency in the dielectric filmand the phosphor |ayers on the second

substrate eadvebpre@epesdaerbodbnanpl eshe 30@EaxdBpheseacaordeng to the

present 1 nvention
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
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w || «mow be described. The present invention is not 29 limted to the

-followi ng exanples. Exanple 1. The first panel 10 was fabricated by the

following nethod. First, an I TO | ayer was forned by sputtering, for

exanpl e,

on the entire surface of the first substrate 11
~glass or soda |linme glass. The ITO | ayer
stripes by photolithography and etching to thereby formthe

pairs of sustain electrodes 12. An alum num fil mwas next formed by

evaporation, for exanple, on the entire surface of the first substrate

so as to cover the sustain electrodes 12. The alum num fil mwas next
patterned Byimihedoltiot hbgr gty caradeteetainmd est.o t hereby form the bus

el ectrodes 13 on the sustain

each. ThereafterExampldi ékectric |ayer 14 of SiQ2 was forned on the
entire surface of the first substrate 11 so as to cover the sustain

el ectrodes 12 andThbefbustepentiotleswds8. fabuitherd bhetpeofetibwéngayer
of magnesi um oxide (MJO having a thickness of 0.6

of high-strain
was next patterned in the form of

m was forned on the

plurality of

11

el ectrodes 12 al ong one side edge thereof for

15

dielectricmdtyer. 1#ibytel eat roo beqarewaporatkmed. byhsputtBeifyl sforpanel
10 was conpl eted. The second panel 20 was fabricated by the foll ow ng

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 SiO; 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
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sethed. First, a silver paste was printed in the formof 30 stri-pes. by
-screen printing on the second substrate 21 of high-strain glass or soda
*linme glass. The silver paste printed was next burned to thereby formthe
address electrodes 22. Each address el ectrode 22 extends in a second
“direction orthogonal to the first direction. Thereafter, a |lownelting

“gl ass paste layer was formed on the entire surface of the second substrate
21 by screen printing so as to cover the address el ectrodes 22. The

| ow-nel ting glass paste | ayer was fornmed and burned to thereby formthe
dielectric film Thereafter, a lownelting glass paste was printed by
screen pri rttimgesn vhe afiegre@ndind ifnd mn rehe rsmypand hdrsteatea 24 adj acent
address el ectrodes 22. The second substrate 21 was next burned in a

bur ni ng f urmade sttrafior mlasse an body . 1ifd ylmeani nGher shllbernpagtst ep) was
performed in the air at about 560 0 C for about two hours. Thereafter,
phosphor slpurimitesi ofast hreesr iy toadhmeyerfoseqientddldassprinted in the
regi ons each defined between the adjacent ribs 24 on the second substrate
21. The secardtxdely @k 2EkavAsaféxbsbuenedtirBdet he burtehAag fiurpace to

t hereby formthe phosphor |layers 25R 25G and 25B each on the dielectric
film betweerdditi BAdicaa8tn [dhhodfbrand QN die ssixde: Waldextaford.he adj acent

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°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
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41 bs+24. This burning (phosphor burning step) was 31 perforned in the air
-at about 510 0 C for about 10 mnutes. Thereafter, the second substrate 21
‘was burned in another burning furnace in a vacuumof | x 10- 2 Pa at 430 0O
Cfor two hours as shown in FIG 2 (vacuum burning) In this vacuum
_burning, 1.5 hours were required for tenmperature rising, two hours were
required for tenperature retention, and four hours were required for
tenperature falling as shown in FIG 2. As the materials of the phosphor

| ayers 25R, 25G and 25B, suitable materials that can be well burned at
510 - C were selected. Thereafter, the plasnma display was assenbled in the
fol | owi ng memfermed rist the sdal iatg dbeyar SAASCT bo meabover 10 ampevieher a
portion of the sec ond panel 20 by frit dispensing. The first panel 10 and
t he second Tharelaf2@r wearhe redonat tsadisdd ateygtlhews safpi rin@dndd: tagotdeden t he
sealing |l ayer. The space defined between the first panel 10 and the second

panel 20 wasireXg evacuriced rand vdiemm fof lied wioth pdeadi s36'&r gergaso
Finally, this space was sealed to conplete the plasma display 2.

Conpar i son pburkhesplsaswm dirsplm@y, 2 wasdulr iatrddid)y. alnethad vatwoihar to
t he net hod descri bed above in Exanple 1 except that the vacuum burning for
the second paREIng20 &S HRirs 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 510C were selected.
Thereafter, the plasma display was assembled in the
following manner. First, a sealing layer was formed over
a peripheral portion of the second 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.
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perforned. 32 ‘Evaluation: An accelerated test was nade on the plasma
~displays in Exanple 1 and in Conparison 1 by measuring a |lum nance. The
‘result of this test is shown in FIG 3. The accelerated test was nade 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
di mensi onl ess in consideration of test time in the accelerated test, and
the driving time is not an actual elapsed tine. As apparent fromFI G 3,
it was confirmed that the plasna display in Exanple 1 including the vacuum
burning has an advantage over the plasma display in Conparison 1
i ncl udi ng no yacmlblﬁ‘crﬂiqm such that the |lum nance does not decrease with
the el apsed time to inprove the reliability (life). Further, it was also
confirmed that tie plesraishltyst waxarple o it wigrpa F s
burning has another advantage over the plasma display in Conparison 1
i ncluding ne EReMpIebur ahdg isuchnridaati sidne 1 lyimsamer irsy b gheninaneadsol ut e
val ue, showi ng good discharge. Five sanples of the plasna display in
Exanpl e 1 ang réivetsanptessotetbeipl anomndispFag.i 8. Carmpari son 1 were

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
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subjected to neasurenent of driving voltages (discharge 33 g O vol tages).
"The result of this nmeasurenent is showmn in FIG 4. As apparent fromFI G
‘4, it was confirned that the driving voltage (discharge voltage) according
to Exanple 1 can be reduced by about 20 V as conpared with Conparison 1.
JFurther, prior to assenbling of the plasma displays in Exanple 1 and in
Conparison 1, each second panel 20 as a unit was set in a Q nass neasuring
device to neasure the intensity of detected inpurity gases from each
second panel 20 as increasing the tenperature of each second panel 20.
The results of thls measurenment are shown in FIGS. 5 and 6. In each of
FIGS. 5 and®B,* 4978 hor TP6nt&svaE OF e SERSInERENte fifestoline 16f Fddoh
second panel 20, and the vertical axis represents the intensity of
det ect ed |4rrpuﬁﬁt PPyagest EFerhELG.i 4 ,ed¢hves FaSirgedng¢het theneral s 18,
44, 55, and 70 indicate the nolecular weights of detected inpurity gases.
Speci fi cal [dgiving solegus detistbhtdrage tvhel tagmr & cd® diepr eseribani?d® f or
exanple, the nuneral 44 represents C02, for exanple, and the nunerals 55
and 70 reprlesemt kan mrdyared Sulkdiance @il & 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 H,O, for example,

the numeral 44 represents CO;, 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
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«4ydrecarbon, for exanple. As conpared with Conparison 1 shown in FIG 6
-Exanple 1 shown in FIG 5 has an advantage such that the 34 414 O intensity
«of each inpurity gas detected with an increase in tenperature is reduced.
lAccordlneg, it is expected that the plasna display assenbled by using the
.sepond panel in Exanple 1 has an advantage over the plasma display by
using the second panel in Conparison 1 such that the inpurity gases in
each di scharge space can be reduced. As a result, it is considered that
abnormal discharge or the like can be reduced in Exanple 1 as conpared
W th Conparison 1, thereby inproving the reliability of the plasma display
accor di ng tiotExardpleof. ehehs dmparyityi galbedgivectlegam iithadnt ABCIFERESOf t he
pl asma display can be greatly extended and the stability of discharge can
be i nprovednbyeppkfratmreg itshe edacedn bocordgnalyerifoisi egpeteephosphor
| ayers. Further, it was confirned that the inpurities in the second panel
can be rempwedthy pheswacdimuyniasgenbhedeby tedug nhe akcondal
di scharge. Exanple 2: After form ng the phosphor |ayers 25R 25G and 25B
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 510C for 10 minutes in the
furnace, the furnace was evacuated to a vacuum of 1 x 1072
Pa at the time the temperature in the furnace lowered to

430%3, and this temperature was subsequently maintained

for two hours. The other steps were carried out as in
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and burning themin the air at 510 0 C for 10 m-nutes in the furnace,

-furnace was evacuated to a vacuumof 1 x 10- 2 Pa at the tinme the

“tenperature in the furnace |lowered to
subsequent |y mai ntai ned for two hours.
“in 35 Exanple 1 to conplete the plasma display 2. In other words, the

"phosphor

sanme furnace in Exanple 2. It was confirned that Exanple 2 can exhibit

t he

430 0 C, and this tenperature was
The other steps were carried out as

burni ng step and the vacuum burning step were perfornmed in the

effects simlar to those exhibited by Exanple 1. Exanple 3: In formng the
| ayers 25R, 25G and 25B and burning themin the air at 5100 C
for 10 mi nBkemplehé tai comphesphshe bhashe flicpder Was ¥epbileed by a dry
nitrogen atnosphere during tenperature rising before the furnace
t enper at ur eordachete4b0€phdmebotrhéngsstpy wedetheavarsdmobtiragnpn Exanpl e
1 to conplete the plasma display 2. In other words, the air atnosphere in
the furnageepasetrepbacedrhgdaidr yhei sangefiuahaospher BExdupilng2.t emperat ure

phosphor

rising in the phosphor burning step to

perform the phosphor burning step.

Ther eaf t er yakheovagutey BuaRi rRgatbep wasapeekaibed. cFEecvds somfiiafed that
3 can exhibit effects simlar to those exhibited by Exanple 1 and

can exhi bi tcapnaddi bikanak takf 8¢t ekhabiany .

Exanpl e

Example 3:

In forming the phosphor layers 25R, 25G, and 25B
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 rising before the
furnace temperature reached 430°C. 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 ailr passed through a

moisture removing filter rather than using dry nitrogen.
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" adsorbates such as water and hydrocarbons can be renoved nore effectively.
It was further confirned that simlar effects can be obtained also by
*using dry air passed through a noisture renoving filter rather than using
dry nitrogen. 36 Exanple 4: In form ng the phosphor |ayers 25R 25G and
'25B 0 and burning themin the air at 510C for 10 m nutes, the air
"atnosphere in the furnace was replaced by a dry nitrogen atnosphere during
tenperature falling. The other steps were carried out as in Exanple 1 to
conplete the plasma display 2. In other words, the air atnosphere in the
furnace was replaced by a dry nitrogen atnosphere during tenperature
falling in the ph8sphplebdrni ng step to performthe phosphor burning step.
Thereafter, the vacuum burning step was perfornmed. As in Exanple 3, it
was confirmed thatnafpradsgr theephssohoas lageess dh8, RHdroearbdhB can be
renoved nore effectively. It was further confirmed that simlar effects can
be obt ai neciral 31404 ritpi tigendirin aife passert t3w0Gghoa 10DhsShutes| eshyi ng

filter rather than using dry nitrogen. Exanple 5: In form ng the phosphor

| ayers 25Rai25Gtrd¥bH® 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
hydrocarboné 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 510C 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. 1In other
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and burning themin the air at 510 0 C for 10 mnutes, the air atnosphere
in the furnace was replaced by an oxygen- rich atnosphere (an atnobsphere
*cont ai ning a higher proportion of oxygen than that in the air) during
tenperature falling. The other steps were carried out as in Exanple 1 to
‘conplete the plasma display 2. In other 37 words, the air atnosphere in the
“furnace was replaced by an oxygen-rich atnosphere during tenperature
rising in the phosphor burning step to performthe phosphor burning step.
Thereafter, the vacuum burning step was perforned. It was confirmed that
Exanple 5 can exhibit effects simlar to those exhibited by Exanple 1 and
can conpemwsatds ,t Hédeoxige m tdeisiphieaecyini rthehd udinglcec aisc riepllmcedndyeach
phosphor | ayer on the second substrate 21. Exanple 6: The second substrate
21 was bur red dxygenradinhmatinok phiéar eafdueri nigh & epipespharnr eburisiing dhep. The
other steps were <carried out as in Exanple 1 to conplete the plasma

di spl ay 2. tThe pgaspias $eamddd ritep he fperface ttheopdiosphoreediraival ve, and
the gas pressure in the furnace was controlled to 1 Pa by evacuating the

furnace thrsough arnhpuBRfasrseahbngati@mgB&rnkigt Beepr R8ENpek R¥ERAEAON, the
vacuum burning may be perfornmed in the condition where

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
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{he gas is enclosed in the furnace. It was confirned that Exanple 6 has an
-advant age over Conparison 1 such that the life of the plasma display can
"be greatly extended and the stability of discharge can be inproved.
Further, it was confirnmed that the inpurities in the second panel can be
,renmoved by the vacuum burning to thereby reduce 38 If |. abnormnal
di scharge. However, these effects are |less than those exhibited in Exanple
1. Moreover, Exanple 6 has anot her advantage over Exanple 1 such that heat
conductivity to the second panel can be inproved and the burning tinme can
al so be reduced by setting the gas pressure to 1 Pa. Exanple 7: The second
substrat e ZPngEblurdierharge vadguever, theps gffectsherghésphokhbar ni ng
step. The other steps were carried out as in Exanple 1 to conplete the
pl asma di splege Z2xIMhel b MaExeailed into the furnace through a needle
val ve, and the gas pressure in the furnace was controlled to 10 Pa by
evacuati ng the fuMoaeevelr,obighmalepbnpaasaseahengatihangage bruethe present
i nvention, the vacuum burning nay be perforned in the condition where
Example 1 such that heat conductivity to the second panel
can be improved and the burning time can alsoc 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.
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the gas is enclosed in the furnace. It was confirnmed that Exanple 7 has an
-advant age over Conparison 1 such that the life of the plasma display can
“be greatly extended and the stability of discharge can be inproved.
Further, it was confirnmed that the inpurities in the second panel can be
renoved by the vacuum burning to thereby reduce abnormal discharge.
However, these effects are |l ess than those exhibited by Exanple 1. 39 0
Mor eover, Exanple 7 has anot her advantage over Exanple 1 such that heat
conductivity to the second panel can be inproved and the burning tinme can
al so be reduced by setting the gas pressure to 10 Pa. Conparison 2: The
second substrate Mareagebur hramphea’ vaesuaRothensaggantage ¥R phosphor
burning step. The other steps were carried out as in Exanple 1 to conplete
t he pl asnmaExdimppleay 2ucResbletts hejarr lcandugttidsy ite Cberpaercsbd paneie
obtained in Conparison 2. 40 CLAIMS: 1. A manufacturing nethod for a plasna
di splay paael pbecdmpriosiedg ahie taeepsirafing 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.
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formng arib for partitioning a discharge space and a phosphor |ayer for
emtting light according to wultraviolet rays produced in said discharge
*space, on a substrate; and burning said substrate forned with said rib and
sai d phosphor layer in a vacuumof 10 Pa or less in a tenperature range of
350 to 5500 C after said formng step. 2. A manufacturing nethod for a
‘plasma display panel according to claim1, wherein said substrate forned
with said rib and said phosphor layer is burned in a vacuumof 1 Pa or
| ess in said vacuum burning step. 3. A manufacturing nethod for a plasna
di splay panel according to claim1l, wherein said substrate formed wth
said rib andb&BEI: phosphor layer is burned in a vacuumof 1 x 10-1 Pa or
| ess in said vacuum burning step. 4. A manufacturing nethod for a plasna
di spl ay panel acdordAnganofasyushaegofiethadniot sop3ashardheplagonpri sing
the step of burning said phosphor |ayer on said substrate in the air before
sai d vacuunpdouehj ngomspeps ind. the neveacefiri ng nmet hod for a plasma displ ay
panel according to claim4, further conprising the step 41 of burning said
rib on said subst rfatreniiny teheridd rf dyefpeire i tSaird nghes plicichatigrl Basieep. 6. A
manuf acturing nethod for a plasma display
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 550C 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 107! 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



panel-raccording to claim4 or 5, wherein said phosphor burning step and
-said vacuum burning step are perforned in the sane furnace. 7. A

*manuf acturing nethod for a plasma display panel according to claim4 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 claim6 or 7, wherein the air atnosphere in
the furnace is replaced by a dry nitrogen atnosphere or a dry air

at nosphere during or before tenperature rising in said phosphor burning
step. 9. A nanufaciuriqggyethod for a plasma display,K panel according to

claim6 or % RS EIH IF P AUt RFSFhet ¥ I athe Furtisc & it B9 Sced by a

dry nitrogen atnosphere or a dry air atnosphere during or after
t enper at ur Sl IRMFRIP B R HHEE pHSP bur ni ng step. 10. Ananuf acturi ng
met hod for a plasma display panel according to claim6 or 7, wherein the
air atnosphere i®-thd mannfeetisingpnatkddbfonna oxygeme rdesrlal nosphere
during or after tenperature falling in said 42 i phosphor burning step. 11.
A manuf act wanmsl metdodfroy o ptlasima dieplay 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. A-manufacturing 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
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having a first panel .and a second panel with a discharge space defined
-between said first panel and said second panel, conprising the steps of:
¢forming arib for partitioning said discharge space and a phosphor |ayer
for emtting light according to wultraviolet rays produced in said

"di scharge space, on a second substrate form ng said second panel; and
“burning said substrate fornmed with said rib and said phosphor layer in a
vacuum of 10 Pa or less in a tenperature range of 350 to 5500 C after said
formng step. 12. A manufacturing nmethod for a plasma display according to
claim11l, wherein said substrate formed with said rib and said phosphor

| ayer i s bphreghom duvadogmsekp.l Pa or |less in said vacuum burning step.
13. A manufacturing nethod for a plasma display according to claim 11,
wherein said subsirat e hemEthadddingaiethdd fand asald splrosidhkel dyayer i s
burned in a vacuumof 1 x 10-1 Pa or less in said vacuum burning step. 14.

A manuf act yekagget Fedshkobaacp! asaBadkepbay pasedr ¢ing IaOdaayh@a?eof clains
11 to 13, further conprising the step of burning said phosphor [ayer on

sai d secondpaplsteal felinpbhGedhr shehorersdl danatudiu43afs BHEBLAY Step.
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 550°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 107! 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
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15.' A-manufacturing nethod for a plasma display according to claim 14,
»further conprising the step of burning said rib on said substrate in the
fair before said phosphor burning step. 16. A nanufacturing nethod for a
.plasma display according to claim14 or 15, wherein said phosphor burning

step and said vacuum burning step are perforned in the sanme furnace. 17. A
"manuf acturing nmethod 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 nethod for a plasna

display according to claim16 or 17, wherein the air atnosphere in the
furnace i s HEpliax@EPa dry nitrogen atnosphere or a dry air atnosphere

during or before tenperature rising in said phosphor burning step. 19. A

manuf act uri ng net Rod f 8rmanpfashardingphayhodctor di nglaene| &i splidy or 17,
wherein the air atnosphere in the furnace is replaced by a dry nitrogen

at nospher e aaror iy ta rclatimosipherfanirda mg-amp raftierg tenpertaturce falling in

sai d phosphor burning step. 20. A nmanufacturing nethod for a plasma display

44 accordi ngnimimd adadd 6eils iV, satheraibs theaiim athosahent®efore 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 alr atmosphere
in the furnace 1s 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
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kn-the furnace is replaced by an oxygen-rich atnosphere

»tenperature falling in said phosphor burning step. 21. A manufactur

et hod for a plasma display
conprising the steps of joining said first panel and said

further

panel after said vacuum burning step to formsaid discharge space
"partitioned by said rib between said first panel and said second panel,
and sealing a discharge gas having a predeterm ned pressure into said

di scharge space. 45

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, fﬁrther
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

during or after-

i ng

according to any one of clainms 11 to 20,

second



