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SPECI FI CATION A Met hod and Apparatus for Producing a Plasma D spl ay R

Techni cal Field The present invention relates to a nethod and
apparatus for producing a new plasma display suitably used for wall
nounted tel evision sets, information displays, etc. In recent years,

with the progress of multinedia, displays for displaying diverse kinds of
i nformation play nore inpepketFicalrgeon [N this connection, the displays
are required to be larger and thinner, and liquid crystal displays are

bei ng Usﬁ%éfhgéné{n&'ﬂ[)?éraﬂ&é U.@lbﬁgpﬂ@aeepﬁg 4 YPEa$Ra SDDGplagonput ers.
However, it is diffic to use liquid crystal displays for |arge

tel evision sets in V'e“’OfIBbPﬁﬂsﬁﬂgfﬁkﬂﬁponse speed. So, as the nost
pronmi sing type of large displays, plasma displays attract attention.
The present 'ﬂYé'%J‘:é’é'ex?] ﬁ{l}\’?énffoﬁ PFERAScS Ofo PA i €hdd &nd PAFSdPatiispl ay
_ capabl e of forn1ng a phos | ayer usable as a highly precise plasm
d!splay é#édﬁéfﬁ -a new %lasma dlsplay suiPabPy w648 for waXuipl asnma

dlsplay ectricdisc e caused di scharge spaces formed between a
front g'ﬁ@&nfé&sﬁéfé€1§fgnasets, information displays, etc.

In recent years, with the progress of multimedia, displays
for displaying diverse kindé of information play more
important roles. In this connection, the displa&s are required
to be largér and tﬁinner, and liquid crystal displays are
_béing used in many fields including notebook type personal
computers. However, it is difficult to use liquid crystal
displays for large television sets in view of price and.
response speed. So, as the most promising type of large
displays, plasma displays attract attention.

The present invention relates to a means for providing a
plasma display capable of forming a phosphor layer usable as a
highly precise plasma display in this field.

Prior Artis

A plasma display has electric dischatge caused in
discharge spaces formed between a front glass substrate and a
rear glass substrate. The discharge yield ultraviolet rays

with 147 nm as the central wavelength to be generated from

xenon gas, and the ultraviolet rays excite phosphor to ;llow



rear gl ass substrate. The discharge yield ultraviolet rays wth 147 nm as
the central wavel ength to be generated from xenon gas, and the ultraviol et
rays excite phosphor to allow 1
display. |If discharge cells respectively selectively coated wth any of
phosphor emtting light of red, green and blue are caused to emt |ight by
a drive display, tIf\dichabgplasllis rdagdettioiedly selectiglorardatyedicti vel y
devel oped AC type plasma display has a structure in which a front glass
substratweithtdnyi opl piyosghert emilesingli Eighht rof redergreen pandeblugeakayer
and a rear glass substrate with address el ectrodes, dielectric |ayer,
barri er calisednto pasphbightyey ardérbesdeirioie] hetey addn i dispbaghihhe

di scharge spaces partitioned by striped barrier ribs are filled with He-Xe
or Ne- XefwlXecop&s. A conventional nethod mainly used for formng a
phosphor |ayer of red, green and bl ue necessary for a plasma display is a

screen printixgréa@tlly | dctiely MOsPIBed It eSye lasma display has a
structure in which a front glass substrate with display
electrodes, dielectric layer and protective layer and a rear
glass substrate with address electrodes, dielectric layer,
barrier ribs and phosphor layer are bonded togefher, and in
which the discharge spaées partitioned by striped barrier ribs
are filled with He-Xe or Ne-Xe mixed gas. |

A conventional method mainly used for forming a phosphor
layer of red, green and blue necessary for a plasma display is
a screen printing method in which phosphor pastes are
éespectively consisting of a phosphor powder and a binder
resin. In this method, a screen mesh provided with openings
corresponding to the spaces between respectively adjacent
barrier ribs and shielded by an emulsion on the other portions
ié coated with phosphor pastes, so that the phosphor pastes
may be transferred tﬁrough the screen mesh at the portions
requiring the phosphor pastes, i.e., the spaces between the
respectively adjacent barrier ribs.

Japanese Patent Laid-Open (Kokai) No. 6-5205 proposes a

method of using sandblast after screen printing, and Japanese



respectively consisting of a phosphor powder and a binder resin. In this
met hod, a screen nmesh provided with openings corresponding to the spaces
bet ween respectively adjacent barrier ribs and shielded by an emul sion on
the other portions is coated with phosphor pastes, so that the phosphor
pastes may be transferred through the screen nmesh at the portions
requi ri nBateestphaipghOpepa¢Kokaii}. No. Sha44pISeprbpowesnat methodspdcti vel y
adj acent barrier ribs. Japanese Patent Laid-Open (Kokai) No. 6-5205
proposessareeatpnﬂnbingsaﬁgesaadbtaag wiithr ascresslpnkingnggeatd Japanese
Pat ent Lai d- Open (Kokai) No. 5-144375 proposes a nethod of
screen printi Hgwetée( thatmeghudshof asdagl sokean pgénting haveHawever, the
nmet hods of using screen printing have a disadvantage that since the screen
i s changétisadvéntagéythaepsihed phentcigent e ehangadyins fbaw, bgaki ng it
difficult to forma phosphor |ayer capable of providing a highly precise
pl asma drepéavedapdintinghatheaapeabhen ibalowhemakshgi sthdgfificult to
form a phosphor layer capable of providing a highly precise
plasma display, and also have a problem that the cost is high
since the expensive screen must be frequently exchanged.
One known method for forming a phosphor lay%r suitable for
a highly precise plasma display is to use photosensitive
phosphor pastes respectively consisting of a phosphor powder
and a photosensitive binder resin. In this method, a substrate
with barrier ribs is fully coated with the photosensitive
pastes, consequently the coated film is partially exposed with
UV 1light using a photo mask, to form portions soluble in a
developer and portions insoluble in the developer, and are
developed, to leave necessary portions. However, in this
method, since layers of the respective phosphors of red (R},
green (G) and blue (B) are formed, the complicated process of
coating, exposure, development, drying, etc. must be repeated
three times for R, G and B. The method also has a disadvantage
that phosphor pastes are greatly lost, to raise the cost.

It is also proposed to eject a phosphor paste from-the tip

of an ink jet nozzle, for forming a phosphor layer. However,



since the expensive screen nust be frequently exchanged. One known
met hod for form ng a phosphor |ayer suitable for a highly precise plasm
display is to use photosensitive phosphor pastes respectively consisting
of a phosphor powder and a photosensitive binder resin. In this nmethod, a
substrate wth barrier ribs is fully coated with the photosensitive

past es, Wuksapdnd ywuse kesp cthe ipaste phscosity akpds2dpoisd oxMesght
using a photo mask, to formportions soluble in a devel oper and portions
i nsol ublssinge tthe dRsteopaust el ejecteidvErapethe t bip cofl cametnk siety
portions. However, in this nethod, since |ayers of the respective
phosphomozdle aditiR)a smakXerdidhetoen. biSos (SHnce eheorameintt loef ddwepl i cat ed
process of coating, exposure, devel opnent, drying, etc. nust be repeated
t hr ee t iphesspghor RowWdeamdiB. thd pastdcchmicd basimcrieaseld antlage t hat

phosphor pastes are greatly lost, to raise the cost. It is also
pr oposectHickajexd @f pites ptoospiast el dyern ¢dmndt fbe cdomtrolked et nozzle, for
form ng a phosphor | ayer. However, 3

thi s netddantsjediesy I hFuratieemoreGodhiy alethod Rdiste has Istzh a
problem that the ink jet ﬁozzle is clogged by the phosphor
powder and cannot be practically used.

Disclosure of the Invention

The inventors studied intensively on any means for
producing a plasma display free from the above disadvantages,
and as a result, completed the present invention described
below.

An object of the present invention is to provide a method
for producing a plasma display capable of highly accurately
and éimply forming a phosphor layer in the spaces between
highly precise barrier ribs. |

Another object of the present invention is to prowvide an
apparatus for producing the above higﬁ quality plasma display
continuously at a high productivity level.

Other objects of the present invention will be clarified
in the following description.

These objects of the present invention can be industrially

advantageously achieved by the following method and apparatus



since the paste nust be ejected fromthe tip of an ink jet nozzle with a
smal | dianeter. So, since the anount of the phosphor powder in the paste
cannot be increased, the thickness of the phosphor |ayer cannot be
controll ed advantageously. Furthernore, this nmethod al so has such a
problemthat the ink jet nozzle is clogged by the phosphor powder and
cannot bRoprpraducing aplasma display. Di scl osure of the Invention
The inventors studied intensively on any neans for producing a plasm
di spl ay free Theomsathodbfor piehiving aygslasmndibsplay esfil the quomgdexied t he
present invention described below An object of the present
i nvent i cinventiomproonpicl sesethmdstéproHrochici mupws 1y capmlytisglay capabl e of
hi ghly accurately and sinply form ng a phosphor layer in the spaces
bet ween phHuosgphior [paxtie ecdraraireing i d sphosphoAmdwider i@ cdn cdrdgdxeir esent
i nvention is to provide an apparatus for producing the above high quality
pl asma diompound coritd rAieustrEta wilth prpbucdiy yof evetrier rils her
objects of the present invention will be clarified in the follow ng
descri ptimom a pastellamsl iy ent svifh td e irskity | o enit et GdlLde, to
I ndustrially advantageously achi eved by the foll ow ng nethod and appar at us

form a phosphor layer. The method for producing a plasma

display of the present invention also'comprises the steps of

coating a substrate with a plurality of barrier ribs, with

three phosphor pastes respectively containing a phosphor

powder emitting light of red, green or blue, as stripes in the

spaces between the barrier ribs on the substrate, from a paste

applicator with outlet holes, and heating to form a phosphor

layer.

The method for producing a plasma display of the present

invention includes the following preferable embodiments.

(1) The space (S) between the respédtively adjacent barrier

ribs and the average diameter (D) of the outlet holes satisfy

the following formula:

10 um = D =SS = 500 pm

(2) The outlet holes are formed in a flat plate or as nozzles

or needles.

(3) The paste applicator used has 20 to 2000 outlet holes,

more preferably 150 to 2000 outlet holes.



4 for producing a plasnma display. The nethod for producing a
pl asma di splay of the present invention conprises the step of continuously
applying a phosphor paste containing a phosphor powder and an organic
conmpound onto a substrate with a plurality of barrier ribs froma paste
applicator wwth a plurality of outlet holes, to forma phosphor |ayer. The
met hod f 04) pTheupasyeaappisaatodi epedyhas LhAs pr 8sént isnaenatunadl so
conprises the steps of coating a substrate with a plurality of barrier

ri bs, wihtmbéh)eeuphespholepastes respectively containing a phosphor

powder emtting light of red, green or blue, as stripes in the spaces

bet ween {5 Dhsrpastei Appbiicabersubsdrhas, theooualpasheleappki aapibtchi t h
outl et holes, and heating to forma phosphor |ayer. The net hod for
produci ngcagpi2asta Bimplay of the present invention includes the follow ng
preferabl e enbodi nents. (1) The space (S) between the respectively

adj acent (®prrher aétbsa?ﬁﬂlbﬁeoﬁvﬁéadehdsaﬁﬁéebutD)atOhollés aut hepibohes

satisfy thefoltwmng or mul a:

' corresponding to 3m times (m is an integer of 1 to 10} the
pitch of the barrier ribs.
{7) The paste applicator used satisfies the following formula:

L/D = 0.1 ~ 600

where L is the length of the outiet holes, and D is the
average diameter of the outlet holes.
{8) The paste applicator used for coating is 60 to 400 um in
the average diameter (D) of the outlet holes.
(9) The phosphor pastes are applied while the distance bg;ween
the top ends of the barrier ribs formed on a glass substrate
and the tips of the outlet holes of the paste applicator is
kept at 0.01. to 2 mm.
(10) Pastes respectively containing a phosphor different in
the color are applied from one paste applicator, and the
shortest distance between the outlet holes applying phosphor
pastes mutually different in color is 600 um or more.
(11) Two or more independent paste applicators are

simultaneously used for coating, and the two or more paste

applicators are driven- to travel at the same speed.



10 [err]m[err] DJ[err] S[err] 500 [err]m (2) The outlet holes are forned
in a flat plate or as nozzles or needles. (3) The paste applicator used
has 20 to 2000 outlet holes, nore preferably 150 to 2000 outl et holes.
5 (4) The paste applicator used has 16n 5 (n is a natural
nunber) outlet holes. (5) The paste applicator used has the outlet holes
at a pitth2) ofoatingt is3efifitctéd) of@ecplhorebypphecasborisandhtset he outl et
holes at a pitch corresponding to 3mtines (mis an integer of 1 to 10)
the pitepatinghefbaachecolobsis £3)l1ldhedpbgt drgppyi cat or. used satisfies
the follow ng fornmula: L/'D=0.1- 600 where L is the length of the
outl et hola} Thedp@ste applicatongandi thetglasé shestratetaro moved (8) The
paste applicator used for coating is 60 to 400 [err]min

relatively each other in parallel to the barrier ribs on the

glass substrate.

(14) To stop the application of the phosphor pastes, the paste

applicator is kept at a'negative preséure internally.

(15) After the paste applicator and the substrate have been

started to be moved relatively each other in parallel to the

barrier ribs on the substrate, the application of phosphor

pastes is started, and before the relative movement is stopped,

the application is stopped.

(%6) Each of the phosphor powders used is 0.5 to 10 um in the

grain size of 50 wt%¥ of the powder and 0.1 to 2 mZ/g in

specific surface area.

(17) Each of the phosphor pastes used consis&s of 30 to 60 wts

of a phosphor powder, 5 to 20 wt%¥ of a binder resin and a

solvent, wherein the ratio by weight of the phosphor powder to

the binder resin is 6 : 1 ~ 3 : 1.

(18) The binder resin is a cellulose compound.

(19) The solvent contains terpineol.

(20) A method for producing a plasma display in which three

phosphor pastes respectively containing a phosphor powder

emitting light of red, green or blue are applied to the spaces



the average dianeter (D) of the outlet holes. (9) The phosphor pastes are
applied while the distance between the top ends of the barrier ribs forned
on a glass substrate and the tips of the outlet holes of the paste
applicator is kept at 0.01 to 2 mm (10) Pastes respectively containing a
phosphor different in the color are applied fromone paste applicator, and
the shoréeweeni s¢speect edly cnd{dcenttbatrbet esilappdyi aggbassphor pastes
mutually different in color is 600 [err]mor nore. (11) Two or nore

I ndependsuihs este, appl £form ca splessphoer npillase cocahprishog f thecotepngf and t he
two or nore paste applicators are driven to travel at the sane speed.

6 remding Gisé | pigosphef feci simpeinmotive pyrobens obther abblanhthe
coating of each color is followed by drying. (13) The paste applicator and

t he gl aspreddsérminedr codPvesl pdi@iﬁimclyyemhtm@etnem a)dhei:betotant he
barrier ribs on the glass substrate.
adhesive material.
(21) The phosphor deposited at the top ends of the barrier
ribs aré removed by letting them adhere to an adhesive
material.
(22) Each of the phosphor pastes used satisfies Ehe following
relation:
(2H + P - W) x5 < Hx (P - W) x a/100 = (2H + P - W) x 30
where H is the height of each barrier rib (um); P is the pitch
of the barrier ribs (um); W is the width of each barrier ribs
{um); and a is the phosphor powder content of the phosphor
paste (vol%).
(23) The phosphor pastes used have a viscosity of 2 to 50 Pa-s.
(24) The phosphor pastés are photosensitive phosphor pastes.
(25) Each of the photosensitive phosphor pastes used has the
following composition:

Organic component : 15 ~ 60 parts by weight

Phosphor powder : 40 ~ 85 parts by weight
Solvent : 10 ~ 50 parts by weight
{(26) The barrier ribs are provided as stripes with the

following dimensions:



(14) To stop the application of the phosphor pastes, the paste applicator
Is kept at a negative pressure internally. (15) After the paste applicator
and the substrate have been started to be noved relatively each other in
parallel to the barrier ribs on the substrate, the application of phosphor
pastes is started, and before the rel ative novenent is stopped, the
appl i cation |§i§€Bpped (16 E@Rh~025@h@mphosphor powders used is 0.5 to
10 [err]min the grain size of 50 wt% of the powder and 0.1 to 2 nferr]/g
in specific Stripeewddsh. (1¥) Eat® wh the phosphor pastes used consists
of 30 to 60 wt% of a phosphor powder, 5 to 20 wt% of a binder resin and a
sol vent, wherBehghtie ratio by W%lghl7@fwnhe phosphor powder to the binder
resinis 6 : 1 [err] 3 : 1. (18) The binder resin is a cellul ose conpound.
(19) The(23)vZhe bcnraensrﬁbspaneoblackzop Aheethpd st agesduci ng a pl asma
di splay in which three phosphor pastes respectively containing a phosphor
powder ¢€BBItTheg Laghradf sidd, wgldethickbkss 4Fd)apfl ithe tphosphogpaces
7 .
layer at the position corresponding to a half of the height of
each barrier rib and the bottom wall thickness (T2) of the
phosphor layer satisfy the following relation:
10 = 71 < 50 um |
10 = T2 = 50 um
0.2 =TI/T2 =5
The apparatus for producing a plasma display of the
present invention comprises a table for fixing a substrate
with a plurality of barrier ribs, a paste applicator with a
plurality of outlet holes to face the barrier ribs of the
substrate, a supply means for supplying a phosphor paste to
the paste applicator, and a moving means for three-
dimensionally moving the table and the paste applicator
relatively each other.
The'apparatus for producing a plasma display of the
present invention includes the following preferable
embodiments.
(29) The relation between the average diameter (D) of the

outlet holes of the paste applicator and the space (S) between



bet ween respectively adjacent barrier ribs on a glass substrate, to forma
phosphor plane, conprising the step of renoving the phosphor existing in
the portions other than the predeterm nedcoating positions by letting them
adhere to an adhesive material. (21) The phosphor deposited at the top
ends of the barrier ribs are renoved by letting them adhere to_an adhesive
mat er i al the( zeppEadti vellvt Rd jpreaphbarpiere ribsefaddstdrise $henéoldomdRigng
relation: (2H+ P - W x 5 [err] Hx (P- W x a/100 [err] (2H+ P - W x
30 wher&ormudat:he hei ght of each barrier rib ([err]m); Pis the pitch of
the barrier ribs ([err]m; Wis the wwdth of each barrier ribs ([err]m;
and a is the pRogphdr DhoinFe™ iR e of the phosphor paste (vol % . (23)
The phosphor pastes used have a viscosity of 2 to 50 Pa.s. (24) The
phosphor (past Fheaoutiledt bodrsi ofvhghpesiter appdiicatorn 282 BYEh of the

phot osensi tive phosphor pastes used has the foll owi ng conposition:
Or gani ¢ chrpudemily forted[,emnfl &bepdengthby (B3i gift each ofpribephedesowder
40 [err] 85 parts by weight Sol vent ' : 10 [err] 50 parts

by wei ghalmp2t) perpebaricudarr itbs thee ppravitdensasnst tiheespaceh (She

between the respectively adjacent barrier ribs satisfy the
following relation:

10 um S B < S = 500 um
(31) The pitch.of the outlet hples of the paste applicator is
3m times (m is an integer of 1 to 10) the pitch of the barrier
ribs.
(32) The outlet holes of the paste applicator are on the same
plane.
{33) The outlet holes of the paste applicator are formed by
pipes with the same form.
(34) The numper of outlet holes 6f the paste applicator is 20
to 2000. |
(35) The number of outlet holes of the paste applicator is 1lén
* 5 (n is a natural number).
(36) The pitch of the outlet holes of the paste applicator is
0.12 to 3 mm.
(37) The average diameter (D) of the outlet holes of the paste

applicator and the length (L) of each of the outlet holes

10



foll owi ng di nensi ons: Pitch : 100 [err] 250 [err]m
“Stripe width 15 [err] 40 [err]m Hei ght . 60 [err] 170
[err]m (27) The barrier ribs are black on the top surfaces. (28) The
| ateral side wall thickness (T1) of the phosphor |ayer at the position
corresponding to a half of the height of each barrier rib and the bottom
wal | thi satdsEy( The dolilbwinghoedaddionayer satisfy the followi ng relation:
10 [err] T1 [err] 50 [err]m 10 [err] T2 [err] 50 [err]m 0.2
[err] T1/T2 [B¢¥D] =50.1 ~ &TRe apparatus for producing a plasm display of
the present invention conprises a table for fixing a substrate wth a
pl urality3s8f) [Faer aseragesdiampieire ofpkhecaudleti hblas plfuthei paste outl et
holes to face the barrier ribs of the substrate, a supply neans for
suppl yi ngpplibatplroispast ¢ot a00t pm.paste applicator, and a noving neans for
three-- dinensionally noving the table and the paste applicator relatively
each oth¢s9) The céhtezppaifathe batlptotiolesgof phaspastespppjichtblre
are located above the spaces between the respective adjacent
barrier ribs.
(40) The faces and/or inner walls of the outlet holes of the
paste applicator are coated with a fluorine based resin f£ilm.
(41) The faces and/or inner walls of the outlet holes of the
pasﬁe applicator are coated with an amorphous carbon f£ilm.
(42) The paste applicator has a plurality of phosphor paste
storage sections, phosphor paste supply ports for supplying
phosphor pastes to the sforage sections, and passages for
fluid communication between the storage sections and, the
outlet holes; the number of outlet holes is larger than the
number of storage sections; and the outlet holes corresponding
to the respective storage sections are arranged cyclically
according to a predetermined order almost on a straight line.
{43) Two dr more paste applicators are arranged.
(44) A plurality of paste applicators are provided for
respectively different éhosphor pastes, and a plurality of
phosphor paste supply devices are provided to supply the

phosphor pastes for the respective paste applicators, so that

11



present invention includes the follow ng preferable enbodinments. (29) The
rel ati on between the average dianeter (D) of the outlet holes of the paste
applicator and the space (S) between ' 9

the respectively adjacent barrier ribs satisfies the followng fornula:
10 [errIm[err] D< S [err] 500 [err]m (30) The outlet holes of the paste
appl i cat theaspanes betweehathg barmbdr zihbstbf thagshbéBraet maghbef the
hol es al npbst perpendicular to the partitions and the space (S) between
the respstmultageadsdyenvabedr withr the patralytyhef phbbphbrgpastakion:
10 [err]m[err] B [err] S [err] 500 [err]m (31) The pitch of the outl et
hol es of (¢hk hapressppéi adjostisg MeahsneapdbléSofinsébteggrthé 1 to 10) the
pitch of the barrier ribs. (32) The outlet holes of the paste applicator
are on tpeessuee in the paste applicator as desired in a range from

atmospheric pressure to a negative pressure, and a control

means to control the timing of the pressure adjustment are

provided.

(46) A detecting means for detecting the positions of the

outlet holes of the paste applicator, a detecting means for

detecting the positions of the barrier ribs or the spaces

between the barrier ribs of the substrate, a detecting means

for detecting the position of the top ends of the barrier ribs

on the substrate, a detecting means for detecting the position

of the tips of the outlet holes of the paste applicator and a

control means for controlling the start and end of application

of the phosphor paste in response to the relative position

between the outlet holes of the paste applicator and the

substrate are provided.

(47) An adjusting means for adjusting the inclination degree

of the paste applicator to the top ends of the barrier ribs of

the substrate, and a control means for keeping the tips of the

outlet holes of the paste applicator at a predetermined

distance from and in almost parallel to the top ends of the

barrier ribs of the substrate are provided.

12



pl ane. (33) The outlet holes of the paste applicator are fornmed by pipes
wth the sane form (34) The nunber of outlet holes of the paste
applicator is 20 to 2000. (35) The number of outlet holes of the paste
applicator is 16n 5 (nis a natural nunber). (36) The pitch of the

outl et holes of the paste applicator is 0.12 to 3 mm (37) The average
di amet er (#8) Af debectihbgemehnkesont delbeciaaye thappbisdtion amd thiae | ength
(L) of each of the outlet holes 10
satisfy shbstoaktew of theaphosphor paskéP apPiled €20m (tB8) phleeaverage

di aneter of the outlet holes of the paste applicator is 60 to 400 [err]m

(39) Theapphieatosofohbe ehél shbberaseolst peopagka.applicator are located
above the spaces between the respective adjacent
(49) A detecting means for detecting the number of the barrier
ribs or the spaces between the barrier ribs on the substrate,
and a recognizing means for recognizing the spaces between the
barrier ribs to be coated, from the detected nﬁﬁber of the
barrier ribs or the spaces betﬁéen the barrier ribs are
provided. |
(50) A reference mark detecting means for detecting a
reference mark on the substrate, and a moving means and
control means for relatively moving the paste applicator and
the barrier ribs so that the outlet holes of the paste
apﬁlicator may be located above the spaces betwéén the barrier
ribs to be coated with the phosphor paste are provided.
(51) A means for cleaning the outlet hole faces of the paste
applicator is provided.
(52) A means for removing the phosphor paste existing in other
portions than the predetermined cbating positions of the
substrate is provided.
(53) Three coating devices are provided in series to respond
to three phosphor pastes, which are respectively equipped with

a table for fixing a substrate with barrier ribs formed on the

surface, a paste applicator with a plurality of outlet holes

13



barri er

ribs. (40) The faces and/or inner walls of the outlet holes of

paste applicator are coated with a fluorine based resin film (41) The
faces and/or inner walls of the outlet holes of the paste applicator are
coated with am anorphous carbon film (42) The paste applicator has a
plurality of phosphor paste storage sections, phosphor paste supply po
for suppt9ifgce phle pharrpest eibs cof hthet suhgtratet i ansupRhyl pearagéert or
fluid conmuni cati on between the storage sections and the outlet holes;
nunber o$upplytegphespher|pagtestbanthaecpastiebappbicateragandeati ons;

the outlet holes corresponding to the respective storage sections are
arr angedneying ceeanys fHororthireg-dimenpicoaltynnovingrthe tdbhbstand the

straight line. (43) Two or nore paste applicators are arranged. (44)

pl ur al i tyaste pappricappdr coebatsive by peaohdethénr respectively different
phosphor pastes, and a plurallty of phosphor paste supply devices are

provi ded to supplB

gespect i ve paste

applicators, so that‘ | the spaces between the barrier ribs of th
substrate mayFix. Biislld ssuthoem tyic oditawling t &f t decedtiined i devisde pfmxsphor

past es.

illustrating an example of the photosensitive paste coating
prdcess of the present invention.

Fig. 2 is a sectional view for illustratin§ the relation
between the substrate for the plasma display of the present
invention and the paste applicator for coating.

Fig. 3 is a schematic general perspective view showing the
plasma display producing apparatus as an embodiment of the
present invention.

Fié. 4 is a schematic drawing for illustrating an
important portion of the plasma display producing. apparatus
shown in Fig. 3.

Fig. 5 is a perspective view showing an example of the
paste applicator used in the present invention.

Fig. 6 is a perspective view showing another example of
the paste applicator used in the present invention.

Fig. 7 is a sectional view and bottom view showing a
further other example of the paste applicator uéed in the

present invention.

14
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(45) A pressure adjusting nmeans capable of setting the pressure in the
paste applicator as desired in a range from atnospheric pressure to a
negative pressure, and a control neans to control the timng of the
pressure adjustnment are provided. (46) A detecting neans for detecting
the positions of the outlet holes of the paste applicator, a detecting
means for dereglidgishe passpectbveivide siowimg théspbasmaedisptey
between the barrier ribs of the substrate, a detecting nmeans for detecting
t he posipre@ueingheppapatnssaefahbehbarempodinést off the pnbsenate, a
detecting neans for detecting the position of the tips of the outlet holes
of the pas¥éenepphlicator and a control neans for controlling the start and
end of application of the phosphor paste in response to the relative

position betmegn ¢ hes caitsede helos Showheg Pasdevies| font Oleaninghehe
substrate are provided. (47) An adjusting neans for adj.usting the

inclinatbgp1dednéte PhcédcoPache paRStsCapplLita@téheihophengsashat he barrier
ribs of the substrate, and a control nmeans for keeping the tips of the

outlet h@igp18y HPEARGEARE PPALEEAST oAl tRe PpLESERE Ninedntdbat ance from and
in alnmost parallel to the top ends of the barrier ribs of the substrate

are provided.rn the above drawings, the respectivdZsymbols denote the

following:
2 base
4 substrate
6 table
7 suction hole
8 grooved guide rail

9 slide stand

10 feed screw

11 connector

12 bearing

16 AC servo motor
.20 paste applicator
22  holder

24 horizontal bar
26 linear actuator
28 1ift bracket

29 expansion rod

15



(48) A detecting neans for detecting the position in the substrate, of the
phosphor pastes applied fromthe paste applicator onto the substrate is
provi ded. (49) A detecting neans for detecting the nunber of the barrier
ribs or the spaces between the barrier ribs on the substrate, and a
recogni zing neans for recogni zing the spaces between the barrier ribs to
be coated, fr3omtelfetmedteghismber of the barrier ribs or the spaces
between the barrier ribs are provided. (50) A reference nmark detecting
means for det®rti nf-axis eieriang oracketon the substrate, and a novi ng nmeans
and control neans for relatively noving the paste applicator and the
barrier ribs 3 thailldx outlet holes of the paste applicator may be

| ocat ed above the spaces between the barrier ribs to be coated with the

phosphor past3s ar ecimsnrétsh mdwbing Aneateasismr cl eaning the outlet hole
faces of the paste applicator is provided. (52) A neans for renoving the
phosphor past®g exigdiddr igupdyet portions than the predeterm ned coating
positions of the substrate is provided.

40 height sensor

41 manifold

42 phosphor paste

44 outlet hole

46 supply hose

48 electromagnetic change-over valve for discharge
50 supply unit

52 suction hose

54 electromagnetic change-over valve for suction
56 phosphor paste tank

58 supply device controller

60 general controller

62 ﬁotor controller

64 sensor bracket

66 position sensor

68 position sensor

70 camera supporf

72 camer&

74 image processor

16



(53) Three coating devices are provided in series to respond to three
phosphor pastes, which are respectively equipped with a table for fixing a
substrate with barrier ribs formed on the surface, a paste applicator with
a plurality of outlet holes

to face the barrier ribs of the substrate, a supply neans for supplying

phosphor past gg t oatbeapéest £oapplftanechanigma noving neans for
t hree-di nensionally noving the table and the paste applicator relatively

each other. 78 actuBtoeffbeseransvensef mbPEndr G8LRgRism Fig. 1is a
schematic drawing of a coating device for illustrating an exanple of the
phot osensi ti vgopaséattettheépe process of the present invention. Fig.
2 is a sectional viewfor illustrating the relation between the substrate
for the plasngodi spipy of the present invention and the paste applicator
for coating. Fig. 3 is a schematic general perspective view show ng

the plasma diygpl ayhospHes| pasEOPSBHY$ pSr@n enbodi ment of the present
i nventi on.

702 phosphor paste storage section
703 passage

704 outlet hole

801 paste applicator

802 paste applicator

901 cleaning device

902 outlet hole face

903 wiping member

904 bracket

905 tray

906 drain port

907 tube

908 1lift section

909 guide

910 moving unit

911 mount

912 ball screw

The Most Preferable Fmbodiments of the Invention

A plasma display mainly consists of a front glass

17



Fig. 4 is a schematic drawing for illustrating an inportant portion of the

pl asma di spl ay produci ng apparatus shown in Fig. 3. Fig. 5is a
perspective view show ng an exanple of the paste applicator used in the
present invention. Fig. 6 is a perspective view show ng anot her
exanple of the paste applicator used in the present invention. Fi g.

7 i s a seabishiradtesiand andeaot (ghass snbstoptey .a afdiharera gdre gaanpl e of
the paste applicator used in the present invention.
14 containeld petSreen dheessibsdinate \seadeshow ng t he pl asna di spl ay
produci ng apparatus as anot her enbodi ment of the present invention.
Fig. 9 is a siThe vear Subsitmgte destchaver aclphasphen Hayeoutioameddblon faaces
of the paste applicator in the plasma display produci ng apparatus of the
present isubatidaie on whilch telectmdesdfor applytitgg reesireictd we lshagsoland
denote ti&rrier ribs for partitioning electric discharge cells are
formed. Furthermore, on the substrate, a dielectric layer may
be formed for stabilization of electric discharge. The
substrate can be a soda glass substrate or a glass substrate
of PD200 {(produced by Asahi Glass), etc. marketéd for the
plasma display, or a ceramic substrate. As the substrate, i£
is preferable to use a 1 to 3 mm thick glass substrate, and
more preferable is a 2 to 3 mm.thick glass substrate.
On the substrate, electrodes made of a conductive metal
are formed. A preferably used electrode material is a metallic
material containing at least one metal selected from gold,
silver, copper, chromium, palladium, aluminum and nickel. Any
of these metallic materials is used to form electrodes in a
necessary pattern preferably with a thickness of 0.1 to 10 um,
more preferably with a thickness of 1 to 5 um.
The electrode pattern can be formed, for example, by
printing a pattern using a metallic paste obtained by kneading
a metallic powder and an organic binder containing a cellulose

compound such as ethyl acetate, onto a glass substrate through

a screen, or forming a metallic film on a glass substrate by

18



f ol | ow ng: 2 base 4  substrate 6 table 7 suction

hol e 8 grooved quide rail 9 slide stand 10 feed screw
11 connector 12 bearing 16 AC servo notor 20 paste

appl i cat or 22 hol der 24 horizontal bar 26 linear actuator
28 lift bracket 29 expansion rod '

15 vacuum evaporation or sputtering, and etching using a resist.

As a further other preferable method, electrodes can be formed
by coating a glass substrate with a photosensitive paste
obtained by kneading a metallic powder and an organic binder
containing a photosensitive organic component, exposing it to
a pattern using a photo mask, developing to remove the
portions solubie in the.developer; and burning at 500 to 600°C.
This method allows highly precise electrodes to be formed
highly accurately.

If a dielectric layer is formed on the electrodes, light
emission can be stabilized. The dielectric can be formed by
coating with a glass paste consisting of a glass powder.and an
organic binder containing a cellulose compound such as ethyl
cellulose, and burning at 450 to 600°C.

The barrier ribs can be formed by various methods. They
can be formed, for example, by printing a pattern using a’
glass paste gonsisting of a glass powder and an organic binder
containing a cellulose compound such as ethyl cellulose
through a screen in a multi-layer, and burning at 450 to 600°C.

The barrier ribs can also be formed by coating the
substrate fully with a glass paste, laminating a dry film
resist, and grinding by sand blasting, using a pattern formed
by photolithography as a mask, and burning. It is preferable

~that the barrier ribs are formed by fully coating the
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30 lift mechanism 32 Y-axis noving bracket 34 pillar 36 transverse
novi ng mechani sm 38 sensor support 40 height sensor 41 manifold 42
phosphor paste 44 outlet hole 46 supply hose 48 electromagnetic
change- over valve for discharge 50 supply unit 52 suction hose 54
el ectromagneti c change-over valve for suction 56 phosphor paste tank 58
suppl y gerabat vbthez pPBOtogensitiiveoglass| pastg2obtainedcbytrol ler 64
sensor bracket 66 osition sensor 68 position sensor 70 camera
suppor t kypadingea gglags powderpandegsphotosensitive organic component,

forming a pattern by photolithography using a photo mask, and

burning. The barrier ribs can be formed as stripes or lattice

for partitioning the electric discharges of the respective

electric discharge cells. Barrier ribs formed as stripes are

;preferable since they can be formed simply at a low cost.

Especially in the present invention, a phosphor layer can

be formed on a glass substrate with highly preciée barrier

ribs , though it is difficult to do so by conventional screen

printing. For example, when the barrier ribs are in stripes

with the following preferable dimensions, a phosphor layer

with few defects compared to that obtained by screen printing

can be formed.

Pitch : 100 ~ 250 um
Width : 15 ~ 40 pm

Height : : 60 ~ 170 um
When'the outlet holes are located between respectively
" adjacent barrier ribs, the image can be more easily recognized
if the top ends of the barrier ribs on the substrate are black.
In the present invention, onto the glass substrate with
the barrier ribs as described above, pastes respectively
containing a phosphor powder are applied from a paste

applicator with a plurality of outlet holes, for forming the

20



16 76 actuator for lift mechanism 78 actuator for transverse
nmovi ng mechani sm 501 outlet hole 601 pirpe 701 phosphor paste supply port
702 phosphor paste storage section 703 passage 704 outlet hole 801 paste
applicator 802 paste applicator 901 cleaning device 902 outlet hole face
903 wi pi ng menber 904 bracket 905 tray 906 drain port 907 tube 908
lift secPhesphor layer.
The phosphor powders used emit light of red, green and

blue. As the phosphor powders used in the present invention,

those emitting light of red include ¥Y,03:Eu, ¥YVO4:Eu, (Y,

Gd)BO3:Eu, Y;03S:Eu, y-Zn3{(PO4)3: Mn, (ZnCd)S: Ag+In,03, etc.

Those emitting light of green include Zn;GeO;:Mn, BaAlj;;0j9:Mn,

%n,S104:Mn, LaPO,:Tb, ZnS:Cu,Al, ZnS:Au,Cu,Al, (2ZnCd)S:Cu,Al,

Zn3S1i04:Mn,As, Y3Al50;;:Ce, CeMgAlyiOi9:Tb, Gdy0,S:Tb, .

Y3A150312:Tb, ZnO:Zn, etc. Those emitting light éf blue include

Sr5(PO4)3Cl:Eu, BaMgAl;,0,3:Eu, BaMgAligO;7:Eu, BaMgAljs0;4:Eu,

ZnS:Ag+red pigment, ¥,8i03:Ce, etc.

Furthermore, the present invention allows the use of rare

earth element tantalate phosphor in which at least one matrix

forming rare earth element selected from yttrium (Y),

gadolinium (Gd) and lutetium (Lu) is substituted by at least

one element selected from a group comnsisting of thulium {(Tm),

terbium (Tb). and europium (Eu)}. A preferable rare earth

element tantalate phosphor is europium activated yttrium

tantalate represented Sy compositidn formula Y;-yxEuy,TaO4(where

X is approximately 0.005 to 0.1). A preferable red phosphor is

europium activated yttrium tantalate, and a preferable green

phosphor is terbium activated yttrium tantalate represented by

composition formula Y;-yEu,TaO4(where x is approximately 0.001

to 0.2). A preferable blue phosphor is terbium activated
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909 guide 910 noving unit 911 nmount 912 ball screw The Most Preferable
Enbodi nents of the Invention A plasnma display mainly consists of a front
gl ass 17 substrate and a rear gl ass
substrate, and has a rare gas contained between the substrate seal ed.

The rear substrate nust have a phosphor | ayer formed on a substrate on
whi ch el getradas thatadppkyreprasdnited by ¥ageEagTaChtwhere xibs for
partitioning electric discharge cells are formed. Furthernore, on the
subst r at appgostimheellyi 0.0agetonay2)be Fartkdrfprefendblezgreéen phosphorric
di scharge. The substrate can be a soda gl ass substrate or a glass
subst r at enc2tidBDa0RahpaadgecdchivAted z&nas phosphor (@nlssStiod:Mo) wieh

pl asma di splay, or a ceram c substrate. As the substrate, it is preferable
to use agh hoe2ad® Yhhatlk gliaesoFulsor pmetoalddo um activated by 0.2 wt%
to less than 0.1 wt% of manganese based on the weight of zinc
silicate (Zn,SiO4) matrix, and a manganese activated zinc
silicate phosphor represented by general formula (Zn;-
xDx )0 0S10; (where 0.01 = x = 0.2 and 0.5 < a = 1.5).

The grain size of the above phosphor powdefé used can be
selected, considering the line width, inter-line space and
thickness of the phosphor layer pattern to be prepared.
However, it is preferable that the grain size of 50 wt% of the
grains is 0.5 to 10 um, and that the specific surface is 0.1 to
2 mZ/g. It is more preferable that the grain size of 50 wt% of
the grains is 0.5 to 5 um, and that the specific surface area
is 0.2 to 1.0 mzfg. It is preferable that the grain size and
the specific surface area are in these ranges, since the paste
kneadability can be enhanced to allow a dense phosphor layer
to be formed, for improving the light emission efficiency and
elongating the life. If the grain size of the powder is less
than 0.5 um or the specific surface area is 2 m2/g or more,
then the powder is so fine that the life till the light
emission luminance declines is shortened.

It is preferable that the phosphor powder is polyhedral
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nore preferable is a 2 to 3 mmthick glass substrate. On the
substrate, electrodes nmade of a conductive netal are fornmed. A preferably
used electrode material is a netallic material containing at |east one
netal selected fromgold, silver, copper, chromum palladium alum num
and nickel. Any of these netallic materials is used to formelectrodes in
a necesgpaynpahhar ispnotecahbyivel h Bt tid cdepssialfly grafexidblertiat nore
preferably with a thickness of 1 to 5 [err]m The el ectrode pattern

can be fensegowfier esaspheribsl gramhsngiacpaataensesiphpsphmt dldyer paste
obtai ned by kneading a netallic powder and an organi c binder containing a

cel | ul osgancpappufiled|Choasmpibyt thet 3ightosinissighasesftabehcwt e t hrough
a screen, or formng a netallic filmon a glass substrate by

18 advant¥agebis ey apartiP pref SR Lertigr sphibmicdll rgrafns accowst st .
As a further other preferable nethod, electrodes can be formed by coating

a gl ass gypspHst 8rVinbhe2iRhEh@SLNGbELY8eRBSHEWAED! &5 NEle byukibesdosy a

nmetal | i c powder and an organi ¢ bi nder
grains. It is more preferable that spherical grains account
for 90% or more. To measure the spherical graih percentage,
the fluorescent powder is photographed at 300 times by an
optical microscope, and the number of countable brains is
counted, to calculate the rate of spherical grains as the
spherical grain percentage.

The organic component used in the present invention
contains a binder resin, solvent and, as requifed, such
additives as a plasticizer, dispersing agent and leveling
agent.

The binder resins which can be used here include, for

| example, polyvinyl butyral, polyvinyl acetate, polyvinyl
alcohol, polyethylene; silicone polymers (e.g.;
polymethylsiloxane and polymethylphenylsiloxane), polystyrene,
butadiene/styrene copolymer,'polyviny; pyrrolidone, polyamides,
high molecular polyethers, ethylnene oxide/propylene oxide
copolymer, polyacrylamide and various acrylic polymers (e.g.,
sodium polyacrylate, poly-lower-alkyl acrylates, poly-lower-

alkyl methacrylates, and various copolymers and multipolymers
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contai ning a photosensitive organi c conponent, exposing it to a pattern
using a photo mask, developing to renove the portions soluble in the

devel oper, and burning at 500 to 600[err]C. This nmethod allows highly
preci se electrodes to be fornmed highly accurately. If a dielectric

| ayer is fornmed on the electrodes, light emssion can be stabilized. The
di el ectrof anebeaikymedcbylatéataﬂﬁ wethadrglasesPaster eRaemste N0 Pfa a

gl ass powder and an organic binder containing a cellul ose conpound such as

ethyl ceellhubese eoslpbundi 0g.at ,4meth9168818a1bSe, eth Ih@em{ﬂbﬁé “ bs
can be forned by various nethods. They can be forned, for exanpl e,

pri nti nghpdpekyetnylscaylalogbass ﬂéﬁh?lﬁ?&fbﬁ&éﬁﬂyﬂfcélﬂh§§§e90“F€F and an
O

organi ¢ binder containing a cellul ose conpound such as eth
t hrough Bsses€@nasnaapféférabd¥ehind8e PESDANOLRE ﬂﬁ@s HOEOQL %f]c

The barrier ribs can also be formed by coating .t he strate ully with a
gl ass papéEmed al "Sha DY #n0tNel biAlefesbsiaudndeoél 13 sand bl asting,
using a pattern formed by photolithography as a nas burning. It is

% eferable tivd pl@sPpEiseFs WREK' Sak CBLBESEY ﬂé&éylﬁé’fﬁaé‘g £5e

example, dibutyl phthalate, dioctyl phthalate, polyethylene
glycol, glycerol, etc.

The solvents which can be used here includé, for e#ample,
alcohol based solvents such as terpineol, isobutyl alcohol,
isopropyl alcohol, benzyl alcbhol, 2-phenoxyethanol, y-
phenylallyl alcohol, dimethylbenzyl carbinol, B-phenylethyl
alcohol, methyl cellosolve, ethyl cellosolve and butyl
cellosolve, methyl ethyl ketone, dioxane, acetone,
Ccyclohexanone, cyclopentanone, tetrahydrofuran, butylcarbitol
acetate, dimethyl sulfoxide.-y-butyrolactone, bromobenzene,
chlqrobenzene, dibromobenzene, dichlorobenzene, bromobenzoic
acid, chlorobenzoic.acid and organic solvent mixtures
containing at least one or more of the foregoing. Especially
alcoﬁol based solvents are advantageous for dispersing the
powder. Among them, terpineol is especially preferable.
Further@ore, if terﬁineol and another alcohol based solvent
such as benzyl alcohol are used as a mixture, the viscosity of

\the paste can be easily adjusted.
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substrate with a photosensitive gl ass paste obtained by kneading a gl ass
powder and a photosensitive organic conponent, formng a pattern by

phot ol i t hography using a photo nask, and burning. The barrier ribs can be
formed as stripes or lattice for partitioning the electric discharges of
the respective electric discharge cells. Barrier ribs formed as stripes

are preferabirresEnaorébegntapok@et or seAdarmahy sbleehtwaresmixed and
Especially in the present invention, a phosphor |ayer can be fornmed on a

gl ass sukakkded Wittt B Geghkgdpracise Bar preparei bsphospbhoghpakties ditfisult
to do so by conventional screen printing. For exanple, when the barrier

ri bs arepirafechblestoWuk8 bhpakek! @tAJapiekebalty difnm@ntooss, pa-ghosphor
| ayer wth few defects conpared to that obtained by screen printing can

be fornedince thePtheBkness of thel@Atkehl] sia@ Wall] Blong ea¥hdth
: 15[err] 40 [err]lm Hei ght : 60 [err] 170 [err]m When

the outl ghriek@srabechAcBbedabeiyeeBntesngetl wakn tﬁejgagmb har apglieidbs,
the image can be nore easily recognized if the top ends of the barrier

ribs on &Be sHh%ihalcanlctRiacCks effectliVe! FBrPaBAERYiNGVAAFhER, onto the
gl ass substrate with the barrier ribs as described above, pastes
respecti ygi¥ormity in luminance and display.

' If a phosphor paste with a ratio by weight of a
fluorescent powder : a binder of 6 : 1 ~ 3 : 1 is used, the
uniformity in thickness can be further improved to allow a
highly precise plasma display to be prepared. A preferable
paste composition consists of 30 to 60 wt$ of a phosphor
powder emitting light of any one color of red, green and blue,
5 to 20 wt% of a binder resin and 20 to 65 wt% of a solvent.
If such a composition is used, a uniformly thick phosphor

~layer can be formeﬁ as the lateral side wall along each
barrier rib _aﬁd as the bottom wall of each electric discharge
space.

.Moreover, if a paste composition satisfying the following
relation is used, a uniformly thick phosphor layer can be
formed as the lateral side wall along each partition and as
the bottom wall of each electric discharge space:

(2H + P - W) x S Hx (P -W) xa=(2H +P - W) x 30

where H is the height of each barrier rib of the plasma
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cont ai ni ng a phosphor powder are applied froma paste applicator with a
plurality of outlet holes, for formng the

20 phosphor Iayer The phosphor powders used emt |ight of
red, green and blue. As the phosphor powders used in the present

I nvention, those emtting light of red include Y203: Eu, YVJerr]:Eu, (Y,

Cd) BO[ er rqi.SEil,aYY[w fdeOparepaseidl, (wm )Zn[rerid (Mg qrirgdeh? oﬂ\/h;he( bazhisr ribs

Ag+in[err]derr], etc. Those emtting |ight of green include

Zn[ err] Gd@mar;r W Nis, tBaAwfidth] gferedchiviharvand e rilbSi (Pnerr lankdh a HaP@Ehey r] @ Tb,
ZnS: Cu, Al , ZnS: Au, CuAl, (ZnCd)S:Cu,Al, Zn[err]Sigerr]: MAs,

Y[ err] Al [agound] efr thee phosighair epolr@eer chntained| ehr kReephbSphbr paste
Y[err]Al[err](err]:Th, ZnO Zn, etc. Those emtting |light of blue iInclude
Srlerr] (R@odin].)[err]C :Eu, BaMgAl [err]err]:Eu, BaMgAl [err]J err]: Eu,
BaMg[err]Al[err]Jerr]:Eu, ZnS:Ag+red pignent, Y[err]Sierr]:Ce, etc.

Furt hernore, the tpeegaebenmvihkﬂewtldri OWwhe phosphodl pashte cedr contlagrent
tant al ate phosphor in which at least one matrix formng rare earth el ement

sel ect ed alr omggntici d¥e( Yo agdddw idbatad Gdrtiths HotbelMoeleasily
substituted by at |east one elenent selected froma group con5|st|ng of
t hul i um dIsktinguished from non- qoated portions. In this case, if the
layer of the phosphor of red, green and blue contains organiq
dyes capable of developing respectively differeﬁt colors, the
defect inspection after coating can be effected more easily.
The organic dyes which can be used here include leuco dyes,
azo dyes, aminoketone dyes, xanthene‘dyes, quinoliﬁe dyes,
aminoketone dyes, anthraquinone dyes, benzophenone dyes,
-diphenyl cyanoacrylate dyes, triazine dyes, p-aminobenzoic
acid dyes, etc., concretely, Sudan Blue, Sudan 4, Victoria
Pure Blue, Nile Blue, Brilliant Green, Neutral Red, Methyl
- Violet, etc,

In thg present invention, a photosensitive phosphor paste
containing a photosensitive compound as a binder resin can
also be used. If a photosensitive phosphor paste is used, the
phosphor paste deposited in unnecessary portions can be
removeq by exposure and development using a phot§ mask.
Especially when the phosphor paste is deposited on the top

surfaces of bafrier ribs or goes into the cells adjacent to
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terbium (Th) and europium (Eu). A preferable rare earth elenent tantal ate
phosphor is europiumactivated yttrium tantal ate represented by
conposition forrmula Y[err]Eu[err]Ta( err](where x is approximtely 0.005
to 0.1). A preferable red phosphor is europiumactivated yttrium

tantal ate, and a preferable green- phosphor is terbiumactivated yttrium

t ant al at eneepegientedbBycoaesnostbiion maxmHbao¥| elebtxkul aiskhadger r] (where
X is approximately 0.001 to 0.2). A preferable blue phosphor is terbium

activat edailure can be prevented by exposing onlyZthe portionsyitbr bém
tantal ate represented by Y[err]EuxTag err](where x is approximtely 0.001

to 0.2). cbatiler tpr efighabl andr eefopiagpbne popelisfe ﬁoﬁaeggagéa agitnat ed
zi nc phosphor (Zn2Si &:Vvn) with an average grain size of O f[errlmto 8.0

[err] m aghevaigHthyby devbYophentess than 0.1 wt % of nmanganese based on the
wei ght of zinc silicate (anSicn) matri x, and a manganese activated zinc

silicate phospﬂarofgaﬁﬁéeeéﬁﬂoaanseesﬁaalﬁﬂﬁ?v afﬁgféﬁéﬁkitibér&bﬁ%@ﬁﬁh)O
aSi 2 (where 0.01 [err] x [err] 0.2 and err] al 1.5). he grain
size of hBeaakAvenBhpRBBEseREHETE PAEHpRSP Nfaste contains at least
one photosensitive component selected from photosensitive
polymers, photosensitive monomers and photosensitive oligomers,
and further contains, as required, such additivés as a photo
polymerization initiator, sensitizer and ultraviolet light
absorber.

A photosensitive phosphor paste consisting of 15 to 60
parts by weight of an organid component, 40 to 85 parts by
weight of a phosphor powder and 10 to 50 parts by weight of a
solvent is effective for improving thickness uniformity and
pattern formability.

It is preferable that the amount of the organic component
containing a photosensitive compound used in the present
invention is 15 to 60 wt3. If the amount is less than 15 wt#%,
the pattern formability declines due to insufficient
photosensitivity. If larger than 60 wt%, the capability to
remove ;he bipder.at the time of burning is poor, and burning

tends to be insufficient.

The photosensitive component used in the present invention

27



sel ected, considering the line wdth, inter-line space and thickness of

t he phosphor | ayer pattern to be prepared. However, it is preferable that

the grain size of 50 wt% of the

grain size of 50 w%of the grains is 0.5 to 5 [err]m and that the

speci fi ccenr beceithex ai 4igh2 tiosblObifldizalb/le. phio tios emrsdftdvab loempoaientthe
grain size and the specific surface area are in these ranges, since the

past e

formed, for inproving the light em ssion efficiency and elongating the

life.

specific surface area is 2 m/g or nore, then the powder is so fine that

grains is-0.5to 10 [err]m and that the
specific surface is 0.1 to 2 nferr]/g. It is nore preferable that the

katadabiighty sodnblid igabdec ptiotto sahisdwived compomentphoThéaytghtt 0 be

| f inkelgbadilhzabie photbhsepsiddrei somponenttisawhich [canr ba wsedhe

the |ifeherkl ihbdulleghhe €oiliswangl:um nance declines is shortened.
Is preferable that the phosphor powder is pol yhedral

22

(A) Agcempsnend whioht confasnseonk! oirS mewieeEunldity opeal foabhe rkhat

t he powder is spherical grains since a dense phosphor | ayer

oligomers and polymers with one or more unsaturated groups in
the molecule
(B) A component which contains a photosensitive compound such
as an aromatic diazo compound, aromatic diazide:component or
organic.halogen compound
(C) A so-called diazo resin such as a condensation product of
a diazo based amine and formaldehyde

The light solubilizable photosensitive components which
can be used here include the following:
(D) A component which contains a complex of a diazo compound
with an inorganic salt or organic acid, or quinonediazo
(E) Naphthogquinone i,z-diazido-s-sulfonate of phenol or
novolak resin, etc. obtained by combining a Quinonediazo with

a proper polymer binder

In the present invention, all of the above photosensitive

components can be used, but a photosensitive component of (A)

is especially preferable. In the present invention, a

photosensitive paste with inorganic fine grains mixed can also

be simply used.
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can be fornmed, to inprove the Iight em ssion efficiency advantageously. It
Is preferable that spherical grains account for 80%or nore in the
fluorescent powder as the nunber of -grains. It is nore preferable that
spherical grains account for 90% or nore. To neasure the spherical grain
percentage, the fluorescent powder is photographed at 300 tines by an
optical m crdsdcirtosgnsitiveminomer mafisrsite greommoursd withnted, to
calculate the rate of spherical grains as the spherical grain percentage.
The or gafREPRRTRRIFRIN upsaturated homtenThenplotiosensddrivel momrsnsder
resin, solvent and, as required, such additives as a plasticizer,

di sper sivkichycran del usadklhene imgeitde, for Temanp IelemetisyhsactyIdtean be
used here include, for exanple, polyvinyl butyral, polyvinyl acetate,

pol yvi nyéthyl cutrylatwol yetgndpyie acrylaione isopaopyl (&cyate, n-butyl

pol ynet hyl si | oxane and pol ynet hyl phenyl si | oxane), polystyrene,

but adi erarxylateme ssapdiutyr aquyhatiey |igpyAbutyderery oty andetes . butygh

nol ecul ar pol yet hers, ethyl nene oxi de/ propyl ene oxi de copol yner,
pol yacr ydcuy et ean ch Apsenitinls amoryilate ,pG MY aderiite, Sedizil UG Rd at e,

pol y-1 ower - al kyl acryl ates, poly-lower- alkyl nethacrylates, and various

copol ymdretouye thitl iguoipladres butoxy triethylene glycol acrylate,
cyclohexyl acrylate, dicyclopentanyl acrylate, dicyclopentenyl
acrylate, 2-ethylhexyl acrylate, glycerol acryl&te, glycidyl
acrylate, heptadecafluorodecyl acrylate, Z-hydroxyethyl.
acrylate, isobornﬁl acrylate, 2-hydroxypropyl acryiate,
isodecyl acrylate, isooctyl acrylate, lauryl acrylate, 2-
methoxyethyl acrylate, methoxy ethylene glycol acrylate,
methoxy diethylene glycol acrylate, octafluoropentyl acrylate,
phenoxyethyl acrylate, stearyl acrylate, trifluoroethyl
acrylate, allylated cyclohexyl diacrylate, 1,4-butanediol
diacrylate, 1,3-butylene glycol diacrylate, ethylene glycol
diacrylate, diethylene glycol diacrylate, triethyiene glycol
diacrylate, polyethylene glycol diacrylate, dipentaeryfhritol
hexaacrylate, dipentaerythritol monohydroxypentaacrylate,
ditrimethylolpropang tetraacrylate, glycerol diacrylate,
methoxylated cyclohexyl diacrylate, neopentyllglycol
diacrylate, propylene glycol diacrylate, polypropylene glycol

diacrylate, triglycerol diacrylate, trimethylolpropane
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23 of |ower alkyl acrylates and nethacrylates. Furthernore, if a
cel l ul ose conmpound (e.g., nethyl cellulose, ethyl cellul ose, hydroxyethyl
cel l ul ose or nethyl hydroxyet hyl cellul ose), etc., is used as a preferable
bi nder resin, the phosphor layer forned is small in the binder residue
after burning. The pl asticizers which can be used here include, for

exanpl e, txdidctylaphi hateyamtidect shminbe bRy At acrpbayel hphengl gty¢thte,
gl ycerol, etc. The solvents which can be used here include, for
exanpl e, phehoxpethphsecrgbavet bearel asriytapenedtnaphthylVacaytabel ,

| sopropyl al cohol, benzyl al cohol, 2-phenoxyethanol, y- phenylallyl

al cohol , 2 chaptithyy beacyy1 £0& bim%phéﬁu]apasaafﬂayé, alserplatachhy!

cell osolve, ethyl cellosolve and butyl cellosolve, nethyl ethyl ketone,

di oxane, bhesHenEl A CYCé EHEXSNO NEGx1iQd CAQRLL 8A0PLodhSt | 2AYLELFVE RS, of
butyl carbitol acetate, dinethyl sulfoxide, y-butyrolactone, bronobenzene,

chl or obeswspteendti i onOPEsEFETEne dbLIdEer AUEVELHR, pPORIODENERE Sph@kb S,

e¢hl orobenzoi ¢ acid and organi c solvent m xtures contalning at |east one or

nore of ddeyIHtegbelzyhtdesaptane acrylate, monomers obtained by
substituting the hydrogen atoms of these aromatic rings by 1
to 5 chlorine or bromine atoms, styrene, p-methylstyrene, o-
methylstyrene, m-methylstyrene, chlorinated styféne,
brominated styrene, a-methyl styrene, chlorinated o-
methylstyrené, brominated a-methylstyrene, chloromethylstyrene,
hydroxymethylstyrene, carboxymethylstyrene, vinylnaphthalene,
vinylanthracene, vinylcarbazole, compounds obtained by
substituting the acrylate in the molecule of each of the above.
compounds partially or wholly by methacrylate, y-
methacryloxypropyltrimethoxysilane, 1l-vinyl-2-pyrrolidone, etc.
One or more of these compounds can be used in the present
invenfion.

If an unsaturated acid such as an unsaturated carboxylic
acid is added to the photosensitive paste, in addition to the
above, the-developability after sensitizing can be further
improved. The unsaturated carboxylic acids which can be used

here include acrylic acid, methacrylic acid, itaconic acid,

crotonic acid, maleic acid, fumaric acid, vinylacetic acid and
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al cohol based solvents are advantageous for dispersing the powder. Among
them terpineol is especially preferable. Furthernore, if terpineol and
anot her al cohol based solvent such as benzyl al cohol are used as a

m xture, the viscosity of the paste can be easily adjusted.

24 The fluorescent powder, binder and sol vent are m xed and

kneaded #RN¥daEdes cof rEe¥e awide ep2l@. a phosphor paste. It is preferable
to use a paste with a viscosity of 2 to 50 Pa.s, since the thickness of
the |ateral sThr bindezs orhjicluctan b nised rhdxe:arn@bz@aspd:;/ymtyl ol I ed when
the paste is plied for coating, and this is effective for achieving

hi gher inﬂﬁhﬁfn t§olyvinmi ramtyrahd nitdiEayylate polymerphos@bplapaste with
a ratio by weight of a fluorescent powder : a binder of 6 : 1 - 3 : 1is

used, tRolymersr merylatemetiressylesre opgokynkars | nprmeeitly I Otwtdmay a
hi ghly precise plasma display to.be prepared. A preferable paste
conposi thakymensi bty bimethacrtitatd exfirs, @isphor

Furthermore, oligomers and polymers obtained by
polymerizing at least one of the above mentioned compounds

- with a carbon-carbon double bond can also be used. For
polymerization} 10 wt¥ or more, preferably 35 wé% or more of
any of these monomers and another photosensitive monomer can
be copolymerized.

As the monomer to be copolymerized, if an unsaturated acid
such as an unsaturated carboxylic acid is copolymerized, the
developability after sensitizing can be further improved. The
unsaturated carboxylic acids which can be used here inciude,
for example, acrylic acid, methacrylic acid, itaconic acid,
crotonic acid, maleic acid, fumaric acid, vihylacetic acid,
anhydrides of these acids, etc. |

It is preferable that the acid value (AV) of the polymer
or oligomer with acidic groups such as carboxyl groups in the
side chains obtained like this is 50 to 180. A more preferable
range is 70 to 140. If the acid value exceeds 180, the

development allowable range becomes narrow. If the acid value

is less than 50, the solubility of non-exposed portions to the
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powder emtting |ight of any one color of red, green and blue, 5 to 20 W%
of a binder resin and 20 to 65 wt% of a solvent. [|f such a conposition is
used, a uniformy thick phosphor |ayer can be fornmed as the |l ateral side
wal | along each barrier rib and as the bottomwall of each electric

di scharge space. Moreover, if a paste conposition satisfying the

fol | ow ngevedkbpéerodeciinesd, ta vaiker thy dbivelopbkmspbacehayatican bhed
formed as the lateral side wall along each partition and as the bottom
wal | of aasb eheckxposddspbatgensppeel, making?liit+hBrd Wb wblafierm] H x (P
- W x aferr] (2H+ P - W x 30 where His the height of each barrier rib
of the phaghly precise pattern. 25 display to be
prepared ([err]n); Pis the pitch of the barrier ribs ([err]m; Wis the

wi dth of eachrhatheeprésént|envéntioAndid pRotbereasuiité gtoups akesphor
powder contained in the phosphor paste (vol%. In the present
i nventi ogagabhet8henghgi deagheifidNo€ombakBular ends of the above
polymer or 6ligomef; it can be used as a photosensitive
polymer or photosensitive oligomer. Preferable photo-reactive
groups are ethylenic unsaturated groups which include vinyl
groups, allyl groups, acryl groups, methacryl gfﬁups, etc.

Such side chains can be added to an oligomer or polymer,
by letting an ethylenic'unsaturated compound with a glycidyl
group or isocyanato group or acrylic acid chloride,
methacrylic acid chloride or allyl chloride additipn-react
with the mercapto groups, amino groups, hydroxyl groups or
carboxyl groups in the polymer.

The ethylenic unsaturated compounds with a glycidyl group
wh}ch can be. used here include glycidyl acrylate, glycidyl
methacrylate, allyl glycidyl ether, glycidyl ethylacrylate,
crotonyl glycidyl ether, glycidyl crotonate ether, glycidyl
isocrotonate ether, etc.

The ethylenic unsaturated compounds with an isocyanato
group which can be used here include (ﬁeth)acryloyl isocyanate,
(meth)acryloylethyl isocyanate, etc.

It is preferable to add an ethylenic unsaturated compound
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an organic dye, to allow coated portions to be nore easily distinguished
fromnon-coated portions. In this case, if the |layer of the phosphor of
red, green and blue contains organic dyes capable of devel opi ng
respectively different colors, the defect inspection after coating can be
effected nore easily. ~The organic dyes which can be used here include

| euco dyisth A ¥Eidy]l Rk Q@B nksesEEna t@ntarrrldy saciduthboihde dyes,

am noket one dyes, anthraqui none dyes, benzophenone dyes, diphenyl

cyanoacMARACTHIdS aqid ghlorids op aklnbiatatide &y i d¥esto et anole
concretely, Sudan Blue, Sudan 4, Victoria Pure Blue, Nile Blue, Brilliant
G een, MNdnivalendd fqveteﬁgqh mg ks eaquialent of the mergapbengrouwp:ntion, a
photosenshtlve‘phosphor paste containing a photosensitive conpound as a
bi nder AEEine GEHEUDS s hyideraxyld grdups phntearheitl \grqims phwortipaste i s used,
the phosphor paste deposited in unnecessary portions can be renoved by
exposur @odiymedavel opnent using a photo mask. Especially when the phosphor
paste is deposited on the top surfaces of barrier ribs or goes into the
cel | s adj aceffhet photo polymerization initiators which2@an be used here
include, for example, benzophenone, methyl o-benzoylbenzoate,
4,4-bis(dimethylamine)benzophenone, 4,4-
bis(diethylamino)benzophenone, 4,4-dichlorobenzophenone, 4-
benzoyl-4-methyl diphenyl ketone, dibenzyl ketone, fluorenone,
2,2-diethoxyacetophenone, 2,2-dimethoxy-2-phenyl-2-
phenylacetophenone, 2-hydroxy-z-methylpropiophenone, p-t-
butyldichloroacetophenone, thioxanthone, 2-methylthioxanthone,
2-chlorothioxanthone, 2-isopropylthioxanthone,
diethylthioxanthone, benzyl, benzyldimethyl ketanol,
benzylmethoxyethyl acetal, Benzoin, benzoin methyl ether,
benzoin butyl ether, anthragquinone, 2-t-butylanthraquinone, 2-
amylanthraquinone, f-chloroanthraguinone, anthrone,
benzanthrone, dibenzosuberone, methyleneanthrone, 4-
azidobenzalacetophenone, 2,6-bis(p-
azidobenzylidene)cyclohexanone, 2,6-bis(p-azidobenzylidene)-4-
methylcyclohexanone, 2-phenyl-1,2-butadione-2-(o-

methoxycarbonyl)oxime, 1l-phenyl-propanedione-2-(o-

ethoxycarbonyl)oxime, 1,3-diphenyl-propanetrione-2-{o-
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the cells to be coated, color mxing or electric discharge failure can be
prevented by exposing only the portions to be coated, to |light, and
removi ng the portions not exposed with the |light, by devel opnent.

The organi ¢ conponent contai ning a photosensitive conpound used in the
phot osensi ti ve phosphor paste contains at |east one photosensitive
conponergthexyecaebonybiophneosdnpheny?-3pekhoBysprppanesensnei-2e (oBnoner s
and photosensitive oligonmers, and further contains, as required, such
addi ti vesemzopl pbwime , pMighiker?at ketonei t Ramethyiefdi-ti zer and ul travi ol et
| i ght absorber. A phot osensitive phosphor paste consisting of 15 to

60 part Gnéthyktiyht ) phenpl drgambephhtiportrproplnbned5 parts by weight of a
phosphor powder and 10 to 50 parts by weight of a solvent is effective for

i npr ovi nuaphtihihesesubfényli thlepddepatiienolinesabfbnty. chloridél, Ns
preferable that the anmount of the organic conponent containing a

phot osenshényrtinDopctidonscd4i n-ahebpseseputyronedtide, i aipheh9l60 W % | f
the amount is less than 15 W% the pattern formability declines due to

i nsuf fi cdesdl£pde) obensthiszdye distdfgee,t beiphnMiphobpRifigpability to
renove the binder.at the tinme of burning is poor, and burning tends to be
i nsuf fi cta@phorgquinone, carbon tetrabromide, tribromophenylsulfone,
benzoyl peroxide and combinations consisting of a photo-
reducing dye such as Eos;ne or Ethylene Blue and a reducing
agent such as ascorbic acid or triethanolamine. In the present
invention, one or more of them can be used.
It is preferable that the amount of the photo
polymerization initiator is 0.1 to 6 wt% based on the amount
of the photosensitive component, and a more preferable range
is 0.2 to 5 wt%. If the amount of the polymerization initiator
is too small, the sensitivity to light becomes poor, and if
too large, the exposed portion remaining rate may become too
small.
It is also effective to add an ultraviolet light absorber
to the photosensitive paste. If an absorber high in
ultraviolet light absorbing effect is added, a high aspect
ratio, high preciseness and high resolution can be obtained.

As the ultraviolet light absorber, an organic dye can be used;

Above all, it is preferable to use an organic dye with a high
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The photosensitive conponent used in the present invention

27 can be either a light insolubilizable photosensitive conponent
or a light solubilizable photosensitive conmponent. The |ight

i nsol ubi | i zabl e phot osensitive conponents whi ch can be used here include
the followng: (A A conponent which contains one or nore functional
nononer¥V absoyphies andffbciert simi ahwawelenghbr vangsavtir a6é8dtgr d6ps in
the nolecule (B) A conponent which contains a photosensitive conmpound such
as an anmratThe dzganioojyasmdvhiatonsmn o weed ammpimetdorazordpes ¢

hal ogen compound (C) A so-called diazo resin such as a condensati on

pr oduct aminoketione odpas edxanthenandyéeor rautinbytire dyes, TAamihoRbtone

sol ubi l'i zabl e phot osensitive conmponents which can be used here include the

f ol | ow dges, (&) thragupnoreat dyds chbensdphesonecappsex of a di azo conpound

with an inorganic salt or organic acid, or quinonedi azo '
diphenylcyanoacrylate dyes, triazine dyes, p-aminobenzoic acid
dyes, etc. An organic dye is preferable since it does not
remain in the burned insulation film even if it is added as a
light absorber and since the decline of the insulation film
properties by the light absorber can be decreaseﬁ. Among the
organic dyes, especially azo dyes aﬁd benzophenone dyes are
preferable. It is preferable that the amount of the organic
dye is 0.05 to 5 wt%. If the amount of the organic dye is too
small, the effect of adding an ultraviolet light absorber
decreases, and if too large, the properties of the burned
insulation f£ilm decline unpreferably. A more preferable range
in the amount of the organic dye added is 0.15 to 1 wt%.

An organic pigment as an ultraviolet light absorber can be
added, for example, by preparing a solution with an organic
pigment dissolved in an organic solvent, mixing a glass powder
into the organic solvent, and drying. According to this method,
capsules with the surfaces of individual grains of the glass
powder coated with an organic film can be produced.

A sensitizer is added to improve the sensitivity of the

photosensitive paste. The sensitizers which can be used here
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(E) Napht hoqui none 1, 2-di azi do-5-sul fonate of phenol or novol ak resin,
etc. obtained by conbining a quinonediazo with a proper polyner binder
In the present invention, all of the above photosensitive conponents can
be used, but a photosensitive conponent of (A) is especially preferable.
In the present invention, a photosensitive paste with |norgan|c fine
grains mncmmd@anfaksexahpbmInﬁAAAﬁmﬂihylthloxanthone

28 A phot osensitive nononer refers to a conpound with a

car bon- dadpropylthiivxanethonend.2 , B ig(a-osensi ti ve nononers which can be
used here-include, for exanmple, nethyl acrylate, ethyl acrylate, n-propyl

acryl at gietiguaminobanzullgicycloganitdnoms! W, &-&1isyac- butyl acryl ate,
i so-butyl acrylate, tert-butyl acrylate, n-pentyl acrylate, allyl

acryl at gimeahiilamd@oblealzal ) dyd1oneEianNIneACry,l6aa.s (laut oxy tri et hyl ene glyco
acrylate, cyclohexyl acrylate, dicyclopentanyl acrylate, dicyclopentenyl

acryl at @in&mtyuﬁhh@bbbna@uwmewimwdllon@e{awo@be Milondiedyls kiatleat e,

hept adecaf | uorodecyl acryl ate, 2-hydroxyet hyl
4,4-bis{(diethylamino}-benzophenone, 4,4-
bis{dimethylamino)chalcone, 4,4-bis(diethylamino)chalcone, p-
dimethylaminocinnamylideneindanone, p-
dimethylaminobenzylideneindanone, 2-(p-
dimethylaminophenylvinylene)-isonaphthoth;azole, 1,3-bis(4-
dimethylaminobenzal}acetone, 1,3-carbonyl-bis{(4-
diethylaminobenzal)acetone, 3,3-carbonyl-bis(7-
diethylaminocoumarin), N-phenyl-N-ethylethanolamine, N-
phenylethanolamine, N-tolyldiethanolamine, N-
phenylethanolamine, isoamyl dimethylaminobenzoate.-isoamyl
diethylaminobenzoate, 3-phenyl-5-benzoylthiotetrazole, 1-
phgnyl—s-ethpxycarbonylthiotetrazole, etc. In the present
invention, one or more of them can be used. Among sensitizers,
some can be used also as photo polymerization initiators. When
a sensitizer is added to the photosensitive paste of the
present invention, the amount is usually 0.05 to 10 wt% based
on the amount of the photosensitive component. A preferable

range is 0.1 to 10 wt%. If the amount of the sensitizer is too

small, the effect of improving the photosensitivity'cannot be
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acrylate, isobornyl acrylate, 2-hydroxypropyl acrylate, isodecyl acrylate,
I sooctyl acrylate, lauryl acrylate, 2- nethoxyethyl acrylate, nethoxy

et hyl ene glycol acrylate, nethoxy diethylene glycol acrylate,

oct af l uoropentyl acrylate, phenoxyethyl acrylate, stearyl acrylate,
trifluoroethyl acrylate, allylated cycl ohexyl diacrylate, 1,4-butanedi ol
di acryl atanifleStddl yamdeid)| yool Large| ytbe cexpo$gd eperyignoremdintngl at e,

di et hyl ene glycol diacrylate, triethylene glycol diacrylate, polyethylene
gl ycol drace yhay cbecompentaerghaatlt ol hexaacryl ate, dipentaerythritol
nonohydr oxypent aacryl ate, ditrimethyl ol propane tetraacryl ate, glycerol

di acryl ate, Agthmysendsilt tye | pinesphor]i aasteatis, useEidgt \drafjuassl by
di acryl ate, propylene glycol diacrylate, polypropylene glycol diacrylate,

trigl ycemixkinky o€ rphédphot r ipoidad olylrtanisolet light absorber,
29 triacrylate, acrylam de, antnoethyl acrylate, phenyl acrylate,

phenoxyepiytoseriyieive PeDayer ACHNbBbSendi topdtdyhomery| pheto 2- napht hyl
acryl ate, bisphenol A diacrylate, diacrylate of
polymerization initiator §nd sclvent at a predetermined ratio,
and homogeneously mixing and dispersing the mixture by a
three-roller mill or kneading machine.

The viscosity of the paste can be properly Edjusted by
adjusting the mixing ratio of the.phosphor powder, organic
solvent, plasticizer, precipitation preventive, etc. A
preferable viscoéity range is 2 to 50 Pa‘*s, and a more
preferable range is 5 to 20 Pa*s.

How to form the phosphor layer of the present invention is
described below. A phosphor paste prepared as described above
is applied to the spaces between the respectively adjacent
barrier ribs. of the substrate with a piurality of barrier ribs.
Fig. 1 shows a state where the phosphor paste is applied from
the outlet holes of a paste applicator to coat the spaces
between the respectively adjacent phosphor of the substrate
provided with electrodes, dielectric and barrier ribs. Fig. 2
is an illustration for explaining the positional relation
between the substrate and the paste applicator, and will be

very useful for understanding the present invention described
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bi sphenol A - ethylene oxide addition product, diacrylate of bisphenol A -
propyl ene oxi de addition product, thiophenol acrylate, benzyl mercaptane
acrylate, nononers obtained by substituting the hydrogen atons of these
aromatic rings by 1 to 5 chlorine or brom ne atons, styrene,

p- met hyl styrene, o- nethylstyrene, mnethyl styrene, chlorinated styrene,
broniné?%ﬁpgtyrene, a-net hyl styrene, chlorinated a- nethylstyrene,

brom nat ed a-nethylstgrene, chl oronet hyl styrene, hydroxynet hyl styrene,

car boxymet hyAst e utlehyholent for caeDlyingythet PRroseher paslecazbazol e,

conpounds obtai ned by substituting the acrylate in the nolecule of each of
t he abd¥@tallippoteedmbarer aplgsbicvpasty apphbcaberyvwite, oytlet
met hacryl oxypropyl tri met hoxysi |l ane, 1-vinyl-2-pyrrolidone, etc. One or
nmore ofRelRse ROEPLeM dRr cReedtessetl thet hépprasebe usedentThen.outlet |[f an
unsaturated acid such as an unsaturated carboxylic acid is added to the
phot oseiles eaphave am ioperidhameteheof abdvee $0@ eycdmpadi ity after
sensitizing can be further inproved. The unsaturated carboxylic acids
whi ch ereberaikzkel dirmeténcran@e ats y$0 ctacs0 wet hddy yhiec badied, it aconic
acid, <crotonic acid, maleic acid, fumaric acid, vinylacetic acid and
30 diameter is smaller than 10 um, the phosphor powder is liable

to clog the holes, and if the hole diameter is larger than 500

um, there arises such a problem that the phosphor paste leaks

onto adjacent cells in highly precise coating. If the spaces

(S) between the respectively adjacent barrier ribs and the

average diameter (D) of the outlet holes satisfy the following

relation, the application of the phosphor paste onto the top

surfaces of the barrier ribs can be further inhibited.

10 um S D =S = 500 um
The number of outlet holes can be 1 to 6000, but a

desirable range is 20 to 200. If the number of outlet holes is

too small, it takes too much time for coating. If the number

is 150 or more desirably, a phosphor layer suitable for a

highly precise plasma display can be formed in a short time.

If the number of holes exceeds 2000, it is difficult to secure

the accuracy of the outlet holes, and to provide a highly

precise plasma display. If the number of outlet holes is kept

in a range of 16n + 5 (n is a natural number), a phosphor
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anhydri des of these acids, etc. The bi nders which can be used here

I ncl ude pol yvinyl al cohol, polyvinyl butyral, nethacrylate polyners,
acrylate polyners, acrylate-nethacrylate copol yners, a-methylstyrene

pol ymer, butyl methacrylate resin, etc. Furthernore, oligoners and
pol yners obtained by polynerizing at |east one of the above nmentioned
conpounitlayewi $titiabhe bHor car phasmaudispbaydcapabié sof beeimgddrfoen on

pol ynmeri zation, 10 wt% or nore, preferably 35 wt% or nore of any of these
nononera genepabtperppsetoseasitivannbaoeasityanfobmedopol yneri zed. As
t he nononer to be copolynerized, if an unsaturated acid such as an

unsat ur at ed Tarboxdésiraisle tisatofine ypEtcleof dleletiavelepabs| oty atfder
sensitizing can be further inproved. The wunsaturated carboxylic acids

whi ch canmbe usedHens tidiclildesd athaxayll e mecriyHd cremirtalie thectvadn C
acid, itaconic acid, crotonic acid, maleic acid, fumaric acid, vinylacetic
acid, aapydshtesubietRSEegCcats, s6tsmall thattthe predectbdbe éHathdéhe acid
val ue (AV) of the polymer or oligonmer with acidic groups such as carboxyl

g; g]ygfa ’i&séﬁéeapﬁiﬂ@aﬁbﬁi 1§ ebfeieett| i ker tlhirgdrs tifard @ hid). there

i control of coating is difficult when a glass substrate with
barrier ribs formed at a pitch of 300 um or-less is coated. If
the pitch of outlet holes is 3m times (m is an iﬁteger of 1 to
10) the pitch of barrier ribs, efficient coating at high
precision can be effected. If a paste applicator satisfying
the following relation is used, the ease of paste application
can be enhanced;

L/D = 0.1 ~ 600
where L is the length of outlet holes and D is the average
diameter of outlet holes.

If L/D exceeds 600, the pressure loss is so large as to
keep the quantity of paste application small, to lessen the
thickness of the phosphor layer. If less than 0.1, the paste
droops loosely.from the outlet holes.

For applying the phosphor paste from the outlet holes, it
is preferable to continuously apply a pressure of a certain

range to the paste, for applying the paste at the pressure.

This allows the quantity of the paste applied'to be kept
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range is 70 to 140. If the acid value exceeds 180, the devel opnent
al | owabl e range becones narrow. If the acid value is less than 50, the
solubility of non-exposed portions to the

31 devel oper declines, to raise the devel oper concentration, and
al so the exposed portions peel, making it hard to obtain a highly precise
pattern. constantn ghd pr etahble wmoattingn thitkpessocanabe vbtgineds are
added to the side chains or nolecular ends of the above polymer or
ol i goner, it 3ansbewnséd &iga phowbddesitheveaspel yseappliphot semsthe ve
ol igonmer. Preferable photo-reactive groups are ethylenic unsaturated
groups whiztheitnbbies,vithgl pagteupppldlchaybrgaadptheasupk tgatepsannsehacryl
groups, etc. Such side chains can be added to an oligonmer or polyner,
by lettimgved sehatéwelyneatchr atthercanppardldeiihta ghycbdyiriegr eipsOron
i socyanato group or acrylic acid chloride, nethacrylic acid chloride or
al 1yl chkthei debatidateonfogacbatnigh thbe subseapte §ieHPEheaphB8pHHLUPS,
hydr oxyl groups or
paste. In this case, the paste applicator is allowed to travel
while the substrate is fixed, or the substrate is allowed to
travel while the paste applicator is fixed. Or both of them
are allowed to travel simultaneously.
To stop the application of the phosphor paste from the
outlet holes of the paste applicator, the paste applicator can
be internally kept at a nééative pressure, to finish the
coating of the paste without liquid drooping at the edge of
coating, hence without changing the coating thickness.
If the application of the phosphor paste is started
after starting the relative movement of the paste applicator
and the glass substrate in parallel to the barrier ribs on the
substrate and stopped before the end of the relative movement,
the change of the thickness caused by liquid drooping at the
edge of coating can be prevented.
In the case of application , it is preferable that the
distance between the tips of the outlet holes and the top ends

of the barrier ribs is 0.01 to 2 mm. A more preferable range

is 0.05 to 0.5 mm. To prevent the contact between the outlet
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car boxyl groups in the pol yner. The ethyl enic unsaturated conpounds
with a glycidyl group which can be used here include glycidyl acrylate,
glycidyl nethacrylate, allyl glycidyl ether, glycidyl ethylacrylate,
crotonyl glycidyl ether, glycidyl crotonate ether, glycidyl isocrotonate
et her, etc. The ethyl enic unsaturated conpounds with an isocyanato
group whiadlesc@anddhesdbrherels ol wie (baxtdieac milbey,| itsdey PrEfarable

(et h)acryl oyl ethyl isocyanate, etc. It is preferable to add an

et hyl enithaiddteurditsdaincenyieued 01 mm or more, more preferably 0.05 3t
with a glycidyl group or isocyanate, acrylic acid chloride, nethacrylic
aci d chloar imberear Ruryherinbpei, deobyrvehtt ehatnehe QQEéVaFQmieﬁorfJ?&Eh ol e
equi val ent of the mercapto groups, am no groups, ydroxy groups or

car boxythgr outdeitn hidles [1e Wikconnectedlhe tPhat @riadeapiieZ dhiagn th'&' tiators

whi ch can be used here include, for exanple, benzophenone, nethyl
0- benzoylilseiancat ds 24mér loirs (2isBE! hvranprereeasIRhensnam drtiess.

If a plurality of paste applicators are installed on the
apparatus, for simultaneous coating, coating can be completed
efficiently in a short time. In this case, if the plurality of
paste applicators are moved at the same speed, &niformly thick
coating can be achieved. Furthermore, if three or more paste
applicators are installed to apply a paste containing a
phosphor material emitting light of one color from each of the
three or more paste applicators, then phosphor materials of
three colors, red, green and blue can be applied at a time for

- coating. Moreover, it is also possible to apply phosphor
pastes of three colors from one paste applicator. 1In this case,
if the shortest distance between the outlet holes applying
phosphors respectively different in color is kept at 600 um or
more, the mixing of the phosphor of red, green and blue colors
can be prevented.

When a phosphor layer is formed on highly precise barrier
ribs, m;xing of colors can be prevented by drying after
ccating of each color.

In the present invention, after a phosphor paste is
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bi s(di et hyl am no) benzophenone, 4, 4-di chl orobenzophenone, 4-
benzoyl - 4- net hyl di phenyl ketone, di benzyl ketone, fl uorenone,

2, 2-di et hoxyacet ophenone, 2, 2-di net hoxy- 2- phenyl -2- phenyl acet ophenone,
2- hydr oxy- 2- net hyl pr opi ophenone, p-t- butyl di chl oroacet ophenone,

t hi oxant hone, 2-nethylthi oxanthone, 2-chl orot hi oxant hone,

2- i sopr eppllibdofaomhahe, outiletthhbllleisoxsatleane prganiygl soksenyl, domgamic
ket anol, benzyl met hoxyet hyl acetal, benzoin, benzoin nethyl ether,
benzoi ncbmpyheathestcanchhabe evaporatedbolydenbhpagedndoe, rémoval by
anyl ant hr aqui none, [err]-chloroant hraqui none, anthrone, benzanthrone,
di benzoagheiage suaht byl arganghbenduréingdzitdolfermabapavspheronktayr 6- bi s( p-
azi dobenzyl i dene) cycl ohexanone, 2, 6-bi s(p-azi dobenzyl i dene)-4-

met hyl cycl ohgxagnaehedtphgnple- thisbuhadi, 08Re2phosphoet hexysaabogydyoxdme,
1- phenyl - pr opanedi one- 2- (0- et hoxycar bonyl ) oxi ne,
1, 3-di phetyl tpeORsACihgOBArEace- turned up, but can also be dried wit83

et hoxycar bonyl ) oxi me, 1-phenyl - 3-et hoxy- propanetri one-2-(o-
the coating surface turned down. If the phosphor coating
surface is turned down, the phosphor paste runs down along the
lateral sides of the barrier ribs , to form a phosphor layer
also as the lateral side wall along each barrief rib. If the
phosphor layer is formed not only as the bottom wall but also
as the lateral side wall along each barrier rib, the area of
the phosphor surface can be enlarged, to improve the luminance
of the plasma display.

If a photosensitive phosphor paste is used as the phosphor
paste, a pattern can be processed by photo lithography. This
is effective for removing the phosphor formed by coating on
unrequired portions such as the top surfaces of the barrier
ribs.

After the photosensitive phosphor pastes of :espective red,
green and blue colors are applied from the outlet holes for
coating, they are exposed through a photo mask, and the pastes
on the exposed portions are solubilized or insolubilized by a

developer to remove the unrequired portions in the development

step, for forming a phosphor layer. The developer can be an
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benzoyl )oxime, Mchler's ketone, 2-nethyl-][4-
(met hyl t hi o) phenyl ] - 2- nor phl i no- 1- propanone, napht hal enesul fonyl chlori de,
gui nol i nesul fonyl chloride, N phenylthioacridone,
4, 4- azobi si sobutyronitrile, diphenyl disulfide, benzthiazole disulfide,
tri phenyl phosphi ne, canphor qui none, carbon tetrabrom de,
tri br onFEANAS HIrRNt Wit ydamatisd akvarthe comtgarat ¢ opsmpameitstimg of a
photo- reducing dye’'such as Eosine or Ethylene Blue and a reducing agent
such as e ahintosansitive masttiesnol Toi the lorgand cpsedomint i mateld @an one or
nore of them can be used. It is preferable that the anmount of the
phot o @Fdisordreé Addesh tivhian @meunts Mtl tte Bose ObHm stk sl timg pawet obf t he
phot osensitive conponent, and a nore preferable range is 0.2 to 5 w% If
t he anodite gfrgandipaioimentzat Wbeni thei ghotoseastitdvenplalsteishecatadint avi t y
to |ight beconmes poor, and if too |large, the exposed portion remaining
rat e maycdmpemnd twidh swwdldic groups tsuch ds cafbectl wrdupssdhamalkali
ultraviolet |light absorber to the photosensitive paste. If an absorber
hi gh i n aquetonesy isailatt ilong kianalbeo dsiedy fofd edvelopmidad, Ashitpl asracs .ratio,
hi gh preci seness and hi gh resol ution can be obtained. As the ultraviolet
| i ght alespwelmaers smilwrigeni andwdkadl metsedquediyesdldtiod suchrsf erable to
use an organic dye with a high o

sodium hydroxide or calcium hydroxide aqueous solution can be

used, but it is preferable to use an organic alfali aqueous
solution, since the alkali component can be easily removed at
the time of burning. |

The organic alkali can be an amine compound. The amine
compounds which can be used here include teramethylammonium
hydroxide, trimethylbenzylammoﬁium hydroxide, monoethanolamine,
diethanolamine, etc. The concentration of the alkali agueous
solution is usually 0.01 to 10 wt%. A preferable range is 0.1
to 5 wt¥. If the alkali concentration is too low, it is
difficult to remove the non-exposed portions. If the alkali
concentration is too high, the pattern may peel and the
exposed portions may be corroded-unpreferably. It is
preferable that the development temperature is 20 to 50°C in
view of process control.

As for the thickness of the phosphor layer, if the

thickness (Tl) of the phosphor layer as the lateral side wall
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34 UV absorption coefficient in a wavel ength range of 350 to 450
nm The organi c dyes which can be used here include azo dyes, am noketone
dyes, xant hene dyes, quinoline dyes, am noketone dyes, anthraqui none dyes,
benzophenone dyes, diphenyl cyanoacryl ate dyes, triazine dyes,
p- am nobenzoic acid dyes, etc. An organic dye is preferable since it does
not ref@tnong hadfhefndhe hedight of fedah dagrier inib)s andtiddeas a |ight
absorber and since the decline of the insulation film properties by the
| i ght akbdckaessaiTBd @scithgs bt tam walilhsatdsganithediod loadmari al |y azo
dyes and benzophenone dyes are preferable. It is preferable that the
anmount &eleldosr.ganipdasmpe dispd.a¥s exsed hand inf lumdnameentcasf behe or ganic
dye is too small, the effect of adding an ultraviolet |ight absorber
decr easprodugedi.f too large, the properties of the burned insulation film
decline unpreferably. A nore preferable range in the anount of the organic
dye added is10. 5 TS 50 %m An organic pignent as an ultraviolet |ight
absorber can be added, for exanple, by preparing a solution with an
organi ¢ pi gkenE x| $@dumn an organi ¢ solvent, nixing a glass powder
If Tl or T2 is less than 10 um, the ultraviolet rays
" generated by electric discharges permeate the phosphor 1ayer,'-

making it difficult to obtain a sufficient lumiﬁance. If more

than 50 um, there arises such a problem that the electric

discharge voltage becomes high.

It is preferable that Tl and T2 satisfy the following
relation:

0.2 =T1/T2 < 5

If the ratio of the lateral side wall thickness to the
bottom wall thickness is too large or too small, the display
screen is likely to depend on the angle of visibility, and
this is not preferable for obtaining a large screen.

After the phosphor pastes are applied at predetermined
positions, they are burned in a burning furnace, to remove the
organic component, for forming a phosphor layer. The burning

- atmosphere and temperature depend on the kinds of the pastes

and the substrate. The burning atmosphere is air, nitrogen or

hydrogen, etc. A preferable burning temperature is 300 to
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into the organic solvent, and drying. According to this nmethod, capsules
with the surfaces of individual grains of the glass powder coated with an

organic filmcan be produced. A sensitizer is added to inprove the
sensitivity of the photosensitive paste. The sensitizers which can be used
her e 35 I ncl ude, for exanple,

2, 4- di et3BA°Chi okanehernprefésablepyangeokandhonte 208 Di s( 4-
di et hyl am nobenzal ) cycl opent anone, 2, 6-bi s(4-
di met hyl am ndiferths phosphitex @amendepbsaitind (oh the top surfaces of the
di met hyl am nobenzal ) - 4- net hyl cycl ohexanone, M chler's ketone,
4, 4- bi s (mtied anibm) -thendaxmieone;ibl 4-  bi s(di met hyl ami no) chal cone,
4, 4- bi s(di et hyl am no) chal cone, p- dinethyl am noci nnanyl i denei ndanone, p-
di met hy| amynmodnbel atdee itiod Livame se2lgd cells when the front plate is
di met hyl am nophenyl vi nyl ene) -i sonapht hot hi azol e, 1, 3-bi s(4-
di met hy|jpninesh eforal Seadleitngne ,and s aa hmasulthi #lectric discharge leak
di et hyl am nobenzal ) acet one, 3, 3-carbonyl -bi s(7-
can occur. So, the phosphor deposited on the top surfaces can
be removed by letting them adhere to an adhesive material.

To perfectly remove the organic component, it is necessary
to heat to 300°C, preferably 350°C. However, to prevent the
deterioration of the phosphor by heat, the temperature should
be 550°C or lower, preferably 500°C or lower. As the burning
furnace, a batch type burning furnace or belt type or roller
hearth type continuous burning furnace can be used.

The substrate with a phosphor layer formed like this is
Jjoined with the front and rear glass substrates for sealing.
The front substrate has an electric discharge maintaining
electrode consisting of ITO and bus electrode, a glass layer
as a dielectric, and a protective film for protecting the
dielectric from electric discharges (usually magnesium oxide)
respectively formed on it. As required, a color filter and
black matrix or black stripes are formed. The front and rear
plates are sealed using glass frit, etc.

Subsequently, a rare gas such as helium, neon or xenon is

injected between the front and rear plates, to produce the
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di et hyl am nocourarin), N phenyl-N-ethyl et hanol am ne, N

phenyl et hanol am ne, N-tolyl di et hanol am ne, N phenyl et hanol am ne, i soanyl
di met hyl am nobenzoate, isoanyl diethyl am nobenzoate,

3- phenyl - 5-benzoyl t hi otetrazol e, 1- phenyl -5-et hoxycarbonylthiotetrazol e,
etc. In the present invention, one or nore of them can be used. Anpbng
sensi ti pansel peaidonanfbe pledmal ddsapdaghot Bupthermoreataodriveri &€ ois.
When a sensitizer is added to the photosensitive paste of the present

I nvent i mopntked, atoupirodaces aalplastha0Bisplad .w Phéasethe calebbradesindf of t he
phot osensitive conponent. A preferable range is 0.1 to 10 W% If the
anmount ahet feoaenantd zear plhtes amrel hatrisz-dirfieen,oftoi apdow ng t he

phot osensitivity cannot be 36
mani f esdedplagdnigf. too | arge, the exposed portion remaining rate may
beconme too small. A phot osensi tive phosphor paste is usually produced

by m xing aThBoapparagasdebr phoepibel pasktegbbaahagr ber thepbﬁéééﬁﬁSI tive
pol ymer, photosensitive nononer, photo
invention is described below. The apparatus for producing a
plasma display of the present invention is composed of a table
to be mounted with a substrate with a plurality of barrier
ribs and a paste applicator with a plurality ofIButlet holes
corresponding to the spaces formed between the respectively
adjacent barrier ribs on the substrate for forming stripes of
the phosphor pastes on the spaces between the respectively
adjacent barrier ribs.

Fig. 3 is a general perspective wview showing the apparatus
for producing a plasma display of the present invention as an
embodiment. Fig. 4 is a schematic drawing showing the table 6
and the paste appiicator 20 of Fig. 3, for illustrating an
important portion of the production apparatus.

In Figs. 3 and 4, on a base 2, a pair of grooved guide
rails 8 are provided, and on the grooved guide rails 8, the
table 6 is arranged. The table 6 has a plurality of suction
holes 7, and a substrate 4 with barrier ribs provided at a

certain pitch is fixed on the surface of the table 6 by vacuum

suction. The substrate 4 is lifted and lowered on the table 6
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pol ynerization initiator and solvent at a predetermned ratio, and
honogeneously m xi ng and di spersing the mxture by a three-roller mll or
kneadi ng nachi ne. The viscosity of the paste can be properly adjusted
by adjusting the mixing ratio of the phosphor powder, organic solvent,

pl asticizer, precipitation preventive, etc. A preferable viscosity range
is 2 toH0 JHLL pinsl othudldughmsitedabl Eurdhgomozes; tbe2@abPdes6 can How to
formthe phosphor |ayer of the present invention is described below A
phosphorregiqmogatep dime dhees Xtestis Bedexiichon drs theplgrexbvead tdweidsp avasisls

bet ween the respectively adjacent barrier ribs of the substrate with a

pl ural i t8 tirdygh iskide s==tands @.. 1 shows a state where the phosphor paste
is applied from the outlet holes of a paste applicator to coat the spaces
bet ween t he rBespasn ey padjraofhigrplovedhguide tdad 1sulsst matfieedrsmbeded oM t h

el ectrodes, dielectric and barrier ribs. Fig. 2 is an illustration for
expl ai niengtdrds praatdugima met siyipen cdmiestmr tlile foikest roat ebheen dirtdeer guiakd e
applicator, and will be very useful for understanding the present

i nvent | @ dascridite 6. The feed screw 10 is rotatably 8dépported by
bearings 12 at both the ends, and is connected with an AC
servo motor 16 at one end.

Above the table 6, the paste applicator 20 for applying a
phosphor paste is connected to a lift mechanism 30 and a
transverse moving mechanism 36 through a holder 22. The 1lift
mechanism 30 is provided with a l1ift bracket 28 capable of
ascending and descending, and the 1lift bracket 28 is
ascendably and descendably installed along a pair of guide
rods in the casing of the 1lift mechanism 30. Furthermore, in
the casing, a ball screw as a feed screw (not illustrated) is
rotatably'ar;anged between the guide rods, and connected-with
the lift bracket 28 through a nut type connector. Moreover, at
the top end of the feed screw not illustrated, an AC servo
motor is connected, so that the lift bracket 28 can be lifted
or lowered as desired by the rotation of the AC servo motor.

The 1ift mechanism 30 is connected with a transverse

moving mechanism 36 through a Y-axis moving bracket 32. The

transverse moving mechanism 36 is provided to reciprocate the
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bel ow. As the outlet holes for applying the phosphor paste, a
nmetallic, ceramc or plastic paste applicator with outlet holes, nozzles
or needles at the tip can be used. The outlet holes can have an inner
dianeter of 10 to 500 [err]m and a preferable dianmeter range is 50 to 500
[err]m If the hole dianeter is snmaller than 10 [err]m the phosphor
powder is-axidlmovimgchogckée Ipl &S, tlhady +dxidadid et tbmnethre iguide ger
than 500 [err]m there arises such a problemthat the phosphor paste | eaks
onto adjreds} f£eddsscredw| gihy pPyeei senmeatomng.Ad fsdivo spaces, €. bet ween
the respectively adjacent barrier ribs and the average dianeter (D) of the
outl et hodesssatysfort tige fattDoh ngre r&tednged ihe appdimgtasniofthde
phosphor paste onto the top surfaces of the barrier ribs can be further

i nhi bi tefift mechdfis®r3¢m [Wid JtdadsdiedseSniorring mRehatrirshn3é is flihked
nunber of outlet holes can be 1 to 6000, but a desirable range is 20 to

200." I'f ghermanbese 0 thet1desesqais too small, it takes too nmuch tine
for coating. If the nunmber is 150 or nore desirably, a phosphor |ayer

suitable for gn th08 YoéELthSELM AStie PEPSYapPFILRELIOITRLam e SOFdd
time. |If the nunber of hol es exceeds 2000, it is difficult to secure the

accur acyi®f théez oski £t ah\@| eSax B diifePELINSE ThR Phlsite RpPAITRRIAIT
di splay. If the nunber of outlet holes is kept
extends in the direction perpendicular to the reciprocating
direction of the table 6, i.e., horizontally in Ehe Y-axis
direction. The holder 22 for directly holding it is rotatably
supported in the lift bracket 28, and can be rotated in a
vertical plane as desired in the arrow directions of Fig. 3.
A horizontal bar 24 located above the holder 22 is also
fixed to the 1lift bracket 28. At both the ends of the
horizontal bar 24, electromagnetic linear actuators 26 are
installed. The linear actuators 26 have expansion rods 29
protruding from the underside of the horizontal bar 24, and
the expansion rods 29 contact both the ends of the holder 22,
to control the rotating angle of the holder 22, so that the
inclination of the paste applicator 20 can be set as desired.
On the top surface of the base 2, an inverse L-shaped
sensor §upport 38 and an inverse L-shaped camera support 70

are fixed. At the tip of the sensor support 38, a height

sensor 40 for measuring the heights of the top ends of the
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in a range of 16n [err] 5 (n is a natural nunber), a phosphor
38 | ayer suitable for a plasma display capable of being driven on
a general purpose circuit can be easily forned. It is desirable that
the pitch of outlet holes is 0.12 to 3 mm If the pitch is less than 0.12
nm the intervals between adjacent outlet holes are so small that the
pr oduct irwifent eibgpawt cchppuntace % the fsehstrate 4 opcthe @b fn the
control of coating is difficult when a glass substrate with barrier ribs
formed dts alnstahled. 3Furftberinorey, lads ones emdatodd thef tatie (§i.t Plosditiom | et
holes is 3mtimes (mis an integer of 1 to 10) the pitch of barrier ribs,
ef fi ci erderczuats rip ardiighstallad sihurougin deseisertibracket obpaste applicat or
satisfying the following relation is used, the ease of paste application
can be eltwtedhe posifiidos (ofl théOfotidmrend faceseof evlye howflaetut | et
holes and D is the average dianeter of outlet holes.

holes of the paste applicator 20 in reference to the table 6

in the wvertical direction.

At the tip of the camera support 70, a camera 72 is

installed to detect the positions of the barrier ribs or the

spaces between the barrier ribs on the surface of the

substrate 4 or a reference mark located at any other place

than the barrier ribs. As shown in Fig. 4, the camera 72 is

electrically connected to an image processor 74 and can

quantitatively identify the positions of the barrier ribs or

the spaces between the partitions of the substrate, the number

of the spaces between the barrier ribs, and the position of

the reference mark.

In Fig.. 4, the paste applicator 20 has a manifold 41 which

is filled with a phosphor paste 42. From outlet holes 44, the

phosphor paste is applied. The paste applicator 20 is

connected with a supply hose 46, being further connected with

an electromagnetic change-over valve 48 for application,

supply unit 50, suction hose 52, electromagnetic change-over

valve 54 for suction and phosphor paste tank 56. The phosphor

paste tank 56 stores the phosphor paste 42.
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If L/ D exceeds 600, the pressure loss is so large as to keep the quantity
of paste application snmall, to | essen the thickness of the phosphor |ayer.
If less than 0.1, the paste droops |oosely fromthe outlet holes.

For applying the phosphor paste fromthe outlet holes, it 1is preferable to
continuously apply a pressure of a certain range to the paste, for
appl yi ng the 5§§téuﬁplwh@n§¢e§§upén bEhias pdisitons tyibe gradiiaphregm: kypegast e
applied to be kept ' 39

const ant fixed fispligicemesdt PHgDt. hitslohdse EAMPbe gGGrabyaw., Or pPreAsugieown in
Fig. 1, while the paste is applied fromthe outlet holes, the paste

appl i cat &eegh¢onmtgoddiest £are exdnrudd ngmay dd qudldatbiyv glag paelssurieer eita .
parallel to the barrier ribs on the substrate, for coating the substrate
with the phospBeoeiviagt @. contichils sigsel tfirompassupppyl destice ceondlrbdled t o
travel while the substrate is fixed, or the substrate is allowed to

travel whigl,e thiec spppilly upilti 58t and $£hiei regpeCtilyet klettirbmagnatdcal | onwed to

travel sinmultaneously.
change-over valves are actuated to suck the phosphor paste 42
from the phosphor paste tank 56 for supplying it to the paste
applicator 20.

The supply device cdntrollef 58 is further Electrically
connected with a general controller 60. The general controller
60 is electrically connected with all the control information
such as the inputs from a motor controller 62, the height
sensor 40, the image processor 74 of the camera 72, a lift
mechanism actuator 76 and a transverse mov;ng mechanism
actuator 78, and dispose of the sequence contrql of the whole.
The general controller 60 can be of any mechanism such as a
computer or sequencer, as far as it has control function.

Furthermore, the motor controller 62 receives the signals
of the AC servo motor 16 for driving the table 6, the signals
of the AC servo motors for the lift mechanism 30 and the
-transverse moving mechanism 36, the signals from the position
sensor 68 for detecting the traveling position of the table 6,
the signals from the respective linear sensors (not

~illustrated) for the Y and Z axes for detecting the action
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To stop the application of the phosphor paste fromthe outlet holes of the
paste applicator, the paste applicator can be internally kept at a
negative pressure, to finish the coating of the paste w thout |iquid
drooping at the edge of coating, hence without changing the coating
t hi ckness. If the application of the phosphor paste is started after
starti ngasidiag aifi henpastentapdlidetqmasi®e, appd. cdneteadndft hsighashe
substrate in parallel to the barrier ribs on the substrate and stopped
bef or e toosidridmfseanson @t iare emeiEntcan thee irtengeratdddan Hekness
caused by liquid drooping at the edge of coating can be prevented.
I n the cssromehmid ildat iton detidet sty gfoayiahilon tafattHeherabdies téaas daetoneen
the tips of the outlet holes and the top ends of the barrier ribs is 0.01
to 2 mmthe mulseprsdigaadls eealdnvgred frﬂmﬂﬁ:ﬁé) dhdodsn. To prevent the contact
bet ween the outl et 40 hol es
and the top ahesmefthiolde foar Epelyinds a iphdsphprepasakl asinhlgathte pdasmance
is 0.01 mmor nore, nore preferably 0.05 mm
display producing apparatus is described below.
At first, if the respective acting portions return to
their home positions, the table 6 and the paste applicator 20
travel to their respective standby positions. In this case,
the portion from the phosphor paste tank 56 to the paste
applicator 20 is already filled with the phosphor paste, and
the electromagnetic change-over valve 48 for application is
opened while the electromagnetic change-over valve 54 for
suction is closed. On the surface of the table 6, the lift
pins not illustrated ascend, and the substrate 4 is mounted at
the tops of the lift pins by a loader not illustrated.
Then, the 1lift pins are lowered, to mount the substrate 4
on the surface of the table, and positioned on the table 6 by
an alignment device not illustrated, being attracted by vacuum |
suction.
Subsequently, the table 6 travels till the barrier ribs of
the substrate 4 come under the camera 72 and the height sensor

41, and stops. The camera 72 is adjusted in position

beforehand to transmit the image of the ends of the barrier

51



or nore. Furthernore, to prevent that the paste applied from the outlet

hol es is disconnected, it is preferable that the distance is 2 mmor |ess,
nore preferably 0.5 nmor |ess. If a plurality of paste applicators
are installed on the apparatus, for simultaneous coating, coating can be
conpleted efficiently in a short tine. In this case, if the plurality of
past e applbsatwrisharsubstratats tiwes Stimnad e, thenitfahykg 6 ¢ mrzde defratsig can
be achieved. Furthernore, if three or nore paste applicators are installed
to appl ytie pass it bomtef nihg spaghdepttweemetthes ibdrrian t1iRs latgHthef one
color fromeach of the three or nore paste applicators, then phosphor

mat er i al sxtfemé hemd byl image rechcep g ambtrininatibe digtdange fromti ne
for coating. Moreover, it is also possible to apply phosphor pastes of

t hr ee cotips sréferense pabtite eptheatamerd 72 hi Oncabe, othlert hanshorthest

di stance between the outlet holes applying phosphors respectively

di f f er endisfameed e twedepthatr&firdmrs |point abrihe tdmmenaiand ofhe he

phosphor of red, green and blue colors can be prevented. When a
phosphorohy€t helé o4 oElocdtdd it ytips esxtiseedparendrof rites, paste ng of col ors
can be prevented by drying after coating of each col or. In the

present ApWEIGaOSr 20tEf thehoreiwteprbiel iv-axis ordinate position is
measured at the time of preliminary adjustment and stored in
the genéral controller 60 as information. Therefore, if the
distance between the reference point of the camera and the
space between the barrier ribs is transmitted to the image
processor 7, the Y-axis ordinate value at which the outlet
hole 44 at the extreme end of the paste applicator 20 is
located above the space between the barrier ribs at the ends
of the barrier ribs is caiculated,.to let the paste applicator
20 travel to the position. As a result, the centers of all the
outlet holes. of the paste applicator 20 are positioned above'
the respective spaces between the barrier ribs to be coated
with the phosphor paste, to complete the relative positioning
between the paste applicator 20 and the substrate 4.

As another positioning method, the camera 72 can also

detect the reference mark located at any other place than the
barrier ribs on the substrate 4. The distance between the

reference point of the camera and the outlet hole 44 located
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41 applied fromthe outlet holes, water, organic solvent, organic
conponent, etc. can be evaporated or deconposed for renoval by heating
such as drying or burning, to forma phosphor |ayer. In the heating
of this case, the phosphor is usually dried wth the coating surface
turned up, but can also be dried with the coating surface turned down. I|f
t he phosthdmhe attnape and afe the tnastel apkicater pbsAwt HBiste runs down
along the lateral sides of the barrier ribs , to forma phosphor |ayer
al so as Gdstanges detsiepn Wwlid nefenrenas magk rand the ends e thghosphor
layer is formed not only as the bottomwall but also as the lateral side
wal | al GRgasschbafmaarerthe hantiemmidbsf tot be ghedgdorrsymeasaredn afe
enl arged, to inprove the |um nance of the plasna display. If a
phot oseridiet ibimepleds pirel ipdaasry adwimentt haphesshatogedtiay theattern can
be processed by photo lithography. This is effective for renoving the
phosphorgen@mnadd don tawdilieny 66n asudmdmprimadtiqor t Thesefock .ad ft tthet op surfaces
of the barrier ribs. After the photosensitive phosphor pastes of
respect idisstragxie between the reference point of the camera and the
reference mark is transmitted to the image processor 74 , the
paste applicator 20 is driven to travel to the position for
coating.
Furthermore, the distances between the reference point of
the camera and the outlet holes of the paste applicator 20 can
also be obtained by applying the phosphor paste from the paste
applicator 20 onto the substrate f£lat and smooth on the-
surface, to form stripes of the phosphor paste, and detecting
and measuring the positions of the stripes by image processing,
to obtain the absolute positions. Thus, since the positions of
the outlet holes of the paste applicator 20 can be known, the
absolute position of the paste applicator can be obtained as a
result. This method@ allows the outlet holes of the paste
applicator 20 to suit the spaces between the partitions on the
surface of the substrate 4, to allow coating.
The height sensor 40 detects the position of the top ends

of the barrier ribs of the substrate 4 in the vertical

direction, and calculates the height of the top ends of the
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green and blue colors are applied fromthe outlet holes for coating, they
are exposed through a photo nask, and the pastes on the exposed portions
are solubilized or insolubilized by a developer to renove the unrequired
portions in the devel opnent step, for form ng a phosphor |ayer. The
devel oper can be an 42 ©organic
sol vent Wwharrheramwidissedl thet babstgaitiec 4c fmpondhe dd £ flere ngeo betsresnt | ve
pastes. To the organic solvent, water can also be added by an anount not
to | ose the detscltedngosdidonotndt theopgaditdonobfethe tlopn stirfFace of
phot osensitive pastes contain a conpound with acidic groups such as
car boxyl theottpblean Bbkehe heigiebystisel piedatermihedudedtince déremophent .
As the al kali aqueous solution, an alkali netal aqueous solution such as
sodi um hpdtagitdaodescalfcithe pretexagelagacous 290ltut ithie ¢ap eadsusEdthiut it
Is preferable to use an organic al kali aqueous solution, since the alkal
conponenbaggiekeredsi | y£renovedbetratded t i seadfiedlr tobngalculate ThReOr ganic
al kali can be an ami ne conpound. The anine conpounds which can be used
here i nchideahesameirhyhanpaBitemapplicator 20 to descend on the Z-axis
linear sensor, and the paste applicator 20 is driven to travel
to the position. Thus, even if the position of the top ends of
the barrier ribs of the substrate 4 on the table 6 changes
with every substrate, the distance between the outlet holes of
the paste applicator 20 and the top ends of the barrier ribs
of the substrate 4 important for coating can be kept always
constant.

The height sensor 40 to which the present invention can be
applied can be of any principle to allow measurement, such as
non-contact type using a laser or ultrasonic waves, etc. or
contact'type:ﬁsing a dial gauge or differential transformer,
etc.

Then, the table 6 is started to be moved toward the paste
applicator 20, and is accelerated to a predetermined coating
speed before the coating start position of the substrate 4
reaches the position below the outlet holes of the paste
applicator 20. The distance between the movement start

position of the table and the coating start position must be
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hydr oxi de, trinmethyl benzyl amoni um hydr oxi de, nonoet hanol am ne, _ _

di et hanol am ne, etc. The concentration of the alkali aqueous solution is
usually 0.01 to 10 % A preferable range is 0.1 to 5 w% If the alkal
concentration is too low, it is difficult to renove the non-exposed
portions. If the alkali ~concentration is too high, the pattern may peel
and t he 19 ARBEFHrE9 chklomythe tahlededtans deceldrated ta theef erabl e
that the devel opnent tenperature is 20 to 50[err]C in view of process
control coating\spepd¢ he thi ckness of the phosphor layer, if the thickness
(T1) of the phosphor layer as the lateral side wall

43 Gt drRlang fbeflonehdheeiagatistg atrtharasidrian O ik t he
t hi ckness (T2) as the bottomwall satisfy the following relation, a plasm
di spl ay ssksdhifatie gomes findiive poaithon hakhwcathe outletithdlexs JofTitHeerr] 50
[err]m 10 [err] T2 [err] 50 [err]m

paste applicator 20, the position sensor 68 for detecting the

position of the table 6 is arranged, and if the table 6

reaches the position, the supply unit starts action, to start

the application of the phosphor paste 42 to the paste

applicator 20. Instead of the position sensor 65, an encoder

can be connected to the motor or feed screw, to detect the

position in reference to the value of the encoder.

The application of the phosphor paste is continued till
the coating end position of the subétrate 4 comes to the
position near below the outlet holes of the paste applicator
20. That is, since the substrate 4 is always located at a
determined position on the table 6, a position sensor or its
encoder value is preset at the position of the table 6
corresponding to the position at which the coating end
position of the substrate is right beiow the outlet holes, and
if the table 6 comes to the corresponding position, a stop
command is given from the general controller 60 to the supply
device controller 58, to stop the application of the

fluorescent paste 42 to the paste applicator 20. In this case,

the paste applicator 20 can be raised, to perfectly stop the
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If T1 or T2 is less than 10 [err]m the ultraviolet rays generated by
el ectric discharges perneate the phosphor layer, making it difficult to
obtain a sufficient lumnance. If nore than 50.[err]m there arises such a

problemthat the electric discharge voltage becones high. It is
preferable that Tl and T2 satisfy the following relation: 0.2 [err]
TI/ T2 [ e5%9pEy of thefphé¢mpher ipastethe.lateral side wall thickness to the
bottomwal |l thickness is too |large or too small, the display screenis
likely to depehdthe phasphop @afte/i4d bid id yliqnd witls a4 scelatipredier abl e
for obtaining a |l arge screen. After the phosphor pastes are applied

at pr eddrkglyi vibsicopbby { i binsis tdikf owl Hhuroelh s tarst dnesoiisiy fetomcthe t 0

renove the organic conponent, for form ng a phosphor |ayer. The burning

at nosphetischarge nfmomt the adpertd wldsheokiths pdstdappistastomnad the

substrate. The burning atnosphere is air, nitrogen or hydrogen, etc. A

pr ef er abthe Agtiony dfenghes atamaininPBGrdssure. So, as soon as the

4 supply of the phosphor paste 42 is stopped, the pressure of
the manifold 41 of the paste applicatdr 20 is returned to the
atmospheric pressure, or changed to a negative pressure, to |
suck the phosphor paste from the outlet holes.qf the paste
applicator 20, for allowing the application of the phosphor
paste from the outlet holes to be stopped in a short time. As
for the means to change the pressure of the maﬂifold 41 to a
negative pressure, if the supply unit 50 is a pump, the pump
can be operated reversely, that is, in the direction to suck
the phosphor paste. In the case of pressure feed, the supply
unit 50 can be connecféd with a vacuum source, to change the
pressure of the manifold 41 to a negative pressure.

As a further other means for changing the pressure of the
manifold 41 to a negative pressure, an electromagnetic change-
over valve connected with a vacuum source can also be provided
at a position between the electromagnetic change-over valve 48
for discharge and the paste applicator 20, or in the paste

applicator 20 itself, to change the pressure to a negative

pressure. In this case, if the pressure of the wvacuum source
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550[err]C. A nore preferable range is 350 to 500[err]C. If the
phosphor are deposited on the top surfaces of the barrier ribs, the
barrier ribs may not be able to formsealed cells when the front plate is
joined for sealing, and as a result, electric discharge |eak can occur.

So, the phosphor deposited on the top surfaces can be renoved by letting

t hem adhear be adjashedi fromathkei atmospheriFoppessucre| porandesirkd organic
conponent, it is necessary to heat to 300[err]C, preferably 350[err]C
However , négabieeeptessiere dethei speedoatovhitbh phesphosphgorhpastet H@ is
tenperature should be 550[err]C or |ower, preferably 500[err]C or |ower.
As t he bsmeocked fiomnthe,ocatbatcholggechburhengdffushede dFhéeracuwympe or
roller hearth type continuous burning furnace can be used. The
subst r at soutrtd @aphoe paovatayer piuap redspikatohi sri pistonnegpai phmphe front
and rear glass substrates for sealing. The front substrate has an electric
di schar geapabbé abfii bgingl| epératedcpasessehyg.of | TO and bus el ectrode, a
glass layer as a dielectric, and a protective filmfor protecting the

di el ectric frpiartheaisre, dtlse heimbsg (o8 uthé ypragsess uad pusthegntr eapebei vel y
formed on it. As required, a color filter and black matrix or black
stripes @gortfOLI®d. b¥hehér otppBpddeette pbAteslider 58ahnd tBRengegkaas frit,

etc. Subsequently, a rare gas such as helium neon or xenon is
I nj ect edcbrtr8EDetheofront and rear plates, to produce the
The table 6 continues traveling even after Ehe coating end
position is passed, and stops only when it reaches the
terminal point. In this case, if portions to be coated still
remain, the paste applicator 20 is moved in the Y-axis
direction to the next coating start position, and thereafter,
coating is effected according to the same procedure except
that the table 6 is driven to travel in the reverse direction.
When coating is to be effected by letting the table 6 travel
in the same direction as that of the first time, the paste
applicator 20 is moved in the Y-axis direction till the next
coating starf position, and the table 6 is refurned to the X-
axis preparatory position.
After the coating process has been complete@ in this way,
the table 6 is driven to travel to and stop at the place where

the substrate 4 is unloaded by an unloader, and the attraction

of the substrate 4 by suction is released with the vacuum
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45 panel portion of a plasma display. Furthernore, a driver ICis
nmounted, to produce a plasma display. Then, the el ectrodes of the front
and rear plates are matrix-driven, to allow displaying. The
apparatus for phosphor paste coating of the present invention is described
bel ow. The apparatus for producing a plasma display of the present
i nvent i oRPERe@oEPotRE Btmasphpre. apdbthepliftdpinshazesubisedtetwith a
plurality of barrier ribs and a paste applicator with a plurality of
out| et h&eRarater Ebepsnbshgate #héropaths furfiadebefwehe thbleespecfpirvel y
adj acent _barrier ribs on the substrate for formng stripes of the phosphor
past es ohifhéngphtes between the respectively adjacent barrier ribs.
Fig. 3 is a general perspective view show ng the apparatus for producing a
pl asma di spl ayt othisetimeschinei sybstraheas is hehdoohn nthe . ukdgrsidesbg
schematic drawi ng showing the table 6 and the paste applicator 20 of Fig.
3, for iapusnloaden mot illustrated, and carried to the subsequent

step of process. After the substrate 4 is transferred to the

unloader, the table 6 is returned to the home position, with

the lift pins lowered.

At this time, the electromagnetic change-ovér valve 48 for
application is closed, while the electromagnetic change-over
valve 54 for suction is opened, to actuate the supply unit 50,
for supplying the phosphor paste 42 to the paste applicator 20
from the phosphor paste tank 56 by an amount necessary for omne
substrate.

In the above coating process, to improve the coating
thickness accuracy in the given effective area, the timing for
starting the. supply of the phosphor paste to the paste
applicator 20 at the coating-start position and the timing for
stopping the application of the phosphor paste to the paste
applicator 20 at the coating end position are important. So,
the respective actions must be effected at the oﬁtimum points.

In this embodiment of the present invention, after the

distance between the outlet holes of the paste applicator 20

and the top ends of the barrier ribs of the substrate 4 has
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| nportant portion of the production apparatus. In Figs. 3 and 4, on a
base 2, a pair of grooved guide rails 8 are provided, and on the grooved
guide rails 8, the table 6 is arranged. The table 6 has a plurality of
suction holes 7, and a substrate 4 with barrier ribs provided at a

certain pitch is fixed on the surface of the table 6 by vacuum suction.
The substeen esdti sthefapplicationeofdtbe phesphbre maste 42 is started.

46 by lift pins not illustrated. Furthernore, the table 6 can
reci pr octte reasdm Xsarhatdif ethe capphicabignoofethgupliesphdrspagtehddugh
slide stands 9. Bet ween the pair of grooved guide rails 8, a feed

screw 10is estantisdtbebogd thaudisyaeceohatween Bathi kedseh. t bleeunder si de
of the table 6. The feed screw 10 is rotatably supported by bearings 12 at
bot h t heplsishornplaste connsptreadsi ah the ACipsfagesnof othécoatlehehehes
Above the table 6, the paste applicator 20 for applying a phosphor paste
i's connegiedl 10 Bsl|appliedhfnémntBe aatllat holes, to contaminate other
portions than the outlet holes, and that in an extreme case,
the potions of the phosphor paste 42 applied from the adjacent
outlet holes join disadvantageously, not allowing highly
accurate coating. If the application of the phogphor paste 42
is started after the tip faces of the outlet holes of the
paste applicator 20 have been brought close to the substrate 4,
the phosphor paste 42 is guided into the spaces between the
respectively adjacent barrier ribs before the phosphor paste
42 is spread at the tip faces. So, the inconvenience as
described above does not happen.
Furthermore, this embodiment describes an application case
where the substrate 4 tra§els in the X-axis direction while
the paste applicator 20 trawvels in the Y-axis and Z-axis
directions. However, the table and the paste applicator can be
of any traveling style, as far as the structure or style
allows the paste applicator 20 and the substrate 4 to travel
relatively three-dimensionally.

The above detailed description covers a case of coating

with one phosphor paste, but the present invention can also be
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transverse moving mechani sm 36 through a holder 22. The Iift nechanism 30
Is provided wwth a lift bracket 28 capable of .ascending and descendi ng,
and the lift bracket 28 is ascendably and descendably installed along a
pair of guide rods in the casing of the lift mechanism 30. Furthernore, in
the casing, a ball screw as a feed screw (not illustrated) is rotatably
ar r angecagpetiesbrtd e qudedavheos thend-homem adtasaphansh ofhsefi f Plyeadrét 28
through a nut type connector. Mreover, at the top end of the feed screw
not ill usteert axhn e Admerbanequstly dappkimhebaredioafdindat the |ift bracket
28 can be lifted or lowered as desired by the rotation of the AC servo
not or . Figs | i tande Gh axies mc3@mast ico rpeerstpedt tiiivien v emsashoaidd novi ng
mechani sm 36 t hrough a Y-axis noving bracket 32. The transverse noving
nmechani ssrafplies wHviltebdste expplriorstter tysed in the present invention.

47 Y-axis nmoving bracket 32 in the Y-axis direction. The guide
rods, femf BLFeVE, MElds/ pE Mo edimiairA@sevetemutmy pratwidedesessary for

the action are arranged in a casing as in the
cutlet holes 501 in a flat surface. Furthermore, the outlet
holes can be formed by arranging pipes 601 with the same form
as shown in Fig. 6, and this paste applicator is preferable
since the paste applicator is less likely to be Eontaminated.

It is preferable that the centers of all the outlet holes
of the paste applicator are arranged to position above the
respective spaces between the barrier ribs to be coated with
the phosphor paste.

It is also preferable that the average diameter of the
outlet holes of the paste applicator is 10 um to 500 um, and
not larger than the spaces between the barrier ribs , and this
prevents the mixing of adjacent colors.

The outlet holes of the paste applicator are not
necessarily réquired to be circular, and the length of the
openings in the direction almost perpendicular to the barrier
ribs can be 10 um to 500 um, being smaller than the spaces
between the barfier ribs. The outlet holes in this case can be
oblong, ellipsoidal or rectangular, etc. If the faces and/or

inner walls of the outlet holes of the paste applicator are
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lift mechanism 30. The transverse noving nmechanism 36 is fixed on the base
2 by pillars 34. In this constitution, the paste applicator 20 can be
noved in the Z-axis and Y-axis directions. The paste applicator 20

extends in the direction perpendicular to the reciprocating direction of
the table 6, i.e., horizontally in the Y-axis direction. The hol der 22 for
di rect | yCR8EEBRNYith msflyezdasl pasedppesiad fildm isuchi & bracket 28, and can
be rotated in a vertical plane as desired in the arrow directions of Fig.

3. pohytprsafinopaethyleneat sbeapbosphios Ipaister c2n be aledeasfeidked to -
the lift bracket 28. At both the ends of the horizontal bar 24,
el ect r onBghiéercErpmeiheafagesonsdZeraionemyadliscof The loutdat aotlest.ors 26

have expansion rods 29 protruding fromthe underside of the horizontal bar
24, and apfletbBepgnstaminagdongofomhecfaceshofhdhendutdett helies dam 22, to
control the rotating angle of the holder 22, so that the. inclination of
t he past alappbecpreventedan be set as desired. On the top surface of
the base 2, an inverse L-shaped sensor support 38 and an inverse L-shaped
canera suppor¥Fuf¥thezmeréj xdf. tAe fheeski pndforhénsenswalisppdr tha8puzlbei ght
sensor 40 for neasuring the heights of the top ends of the
48 holes of the paste applicator are coated with an amorphous
carbon film (DLC), the surface hardness of the faces and/or
inner walls of the outlet holes can be enhanced: to improve
wear resistance.
Fig. 7 is a sectional view and bottom view showing a
further other example of the paste applicator of the present
invention. One paste applicator has a plurality of phosphor
paste storage sections 704, 705 and 706, phosphor paste supply
ports 701, 702 and 703 for supplying phosphor pastes to the
phosphor paste storage sections 704, 705 and 706, and passages
~-707, 708 and 709 for connecting the storage sections 704, 705
and 706 with outlet holes 710, 711 and 712 respectively.
Furthermore, as shown in the bottom view, the number of the
outlet holes 710, 711 and 712 is larger than that of the
storage sections 704, 705 and 706, and the respective outlet
holes 710, 711 and 712 are arranged on straight lines
respectively. This allows different phosphor pastes to be

applied from one paste applicator. The shortest distance
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barrier ribs on the surface of the substrate 4 on the table 6 1is
installed. Furthernore, at one end of the table 6, position sensors 66 are
install ed through a sensor bracket 64, to detect the positions of the
bottom end faces of the outlet holes of the paste applicator 20 in
reference to the table 6 in the vertical direction. At the tip of
t he candretwegmpothe 7antiet dmpkes 70ox sapphging| pospheet /ashafe positions of
the barrier ribs or the spaces between the barrier ribs on the surface of
the sub®ifferent oin &cokdrrih 0k dDIBRER. ato apwernertie BEXingaeft he
barrier ribs. As shown in Fig. 4, the canera 72 is electrically connected
to an i ndbEfererntseekorsl. and can quantitatively identify the positions of
the barrier ribs or the spaces between the partitions of the substrate,
the nunber &ighe8 simcesdEnatar (parspective rviey ford thtugposating ah
t he reference mark. In Fig. 4, the paste applicator 20 has a manifold
41 whi chimpert{ant epoyfiidn coHhidespplageat@igplayrpredecing appaxalias ase
phosphor paste is applied. The paste applicator 20 is connected with a
suppl y hosBurtithebedtherf tenbueiimentn czf ethev phesamt einvenvhemnetlinstead
change-over valve 48 for application,

of arranging one paste applicator, two or more paste

applicators can be arranged in the Y direction. The paste

applicators 801 and 802 are driven by'a controlier not

illustrated, in the X and Y directions synchronously or non-

synchronously. If two or more paste applicators are used like

this, to coat the substrate 4 on the table 6 with the phosphor

paste(s), the coating time can be shortened.

In this case, the two or more paste applicators can apply

a phosphor paste emitting light of the same color, or can

apply phosphor pastes emitting light of two or more different

colors.

It is preferable in view of efficiency that the two or

more paste applicators are located apart from each other in

the direction perpendicular to the barrier ribs by integer

times the space between the adjacent barrier ribs , and that

when the difference in location between the adjacent paste

applicators is less than the external width of each paste

applicator, they are located apart from each other in the
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supply unit 50, suction hose 52, electromagnetic change-over valve 54 for
suction and phosphor paste tank 56. The phosphor paste tank 56 stores the

phosphor paste 42. 49 _

The supply unit 50 can be a piston type or diaphragmtype fixed

di spl acement punp, turbine punp, gear punp, Or pressure feed controller
for extAdderdion Parad il §as %gﬁ}?@;e%t@:bs- Recei ving a control
signal froma supply device controller 58, the supply unit 50 and the
respective eﬁ@bﬁ%Gﬁ&gﬁéFPcPaﬁ@waﬁyyl%ﬂﬁtqnﬁ\ﬂ§§ xed .agregne@ndo bduek t he
phosphor paste 42 fromthe phosphor paste tank 56 for supplying it to the
paste PROSPLOR opasbes are argangefpip gevies.canthoeeeroleri phbaphher
electrically connected with a general controller 60. The general

cont r ol L@¥ers@aps be effiicignbly fnmmadednithe spacelse bedmeesl tihef or mat i on
such as the inputs froma notor controller 62, the height sensor 40, the
i mage p@EEFIes ribsof the canera 72, a lift nechanismactuator 76 and a

transverse novi ng mechani sm '
Fig. 9 is a schematic side view showing a device for

cleaning the faces of outlet holes of a paste applicator.

A cleaning device 901 is arranged so that a wiping member
903 may contact a outlet hole face 902 of a pasté applicator
20. The wiping member 903 is formed to wrap the tip of the
outlet hole face, but can also be formed to contact only the
outlet hole face 902. The wiping member 903 is fixed on a
bracket 904 installed in a tray 905, and moves in the
transverse direction (Y-axis direction) together with the tray
905. While the wiping member 903 moves in the transverse
direction in contact with the outlet hole face 902, the
phosphor paste deposited on the outlet hole face is scrapped
off. The scraped off phosphor paste is guided from a drain
port 906 through a tube 907 connected to it, into a waste
paste tank not illustrated. If the scraped off phosphor paste
does not reach the waste paste tank by gravity only, it is
desirable to use a vacuum source such as a vacuum pump for
suction. The wiping member 903 is located at a position on the

right of the openings of the paste applicator 20 when the tray
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actuator 78, and dispose of the sequence control of the whole. The general
controller 60 can be of any nechani sm such as a conputer or sequencer, as
far as it has control function. Furthernore, the notor controller 62
receives the signals of the AC servo notor 16 for driving the table 6, the
signals of the AC servo notors for the lift mechanism 30 and the
t r ansver $85nFeiachese thgnexirese rhghdi poslis¢ionowtt Fégpo9i.t Wwheresdheor 68
for detecting the traveling position of the table 6, the signals fromthe
respect i Wdpinge nembers 903 dsokepit! Awstyr fromh) ther phbeploandpds te eappbied
detecting the action 50
posi t i onfzom heppaisdeapppildsator2@g . et Eurtihetrmade pf thisi tgay 205 ploastaon
sensor 68, an encoder can be incorporated in the AC servo notor 16, to
det ect tsdzgosiapabieobft kolflabténg bidethenphblsphpul spastgnappliedi ver ed
fromthe encoder. The nethod for applying a phosphor paste using this
pl asma d@reopl &heppastei appappatatuoi.s descri bed bel ow. At first, if
t he respective acting portions return to
Moreover, the tray 905 is connected to a lift section 908.
The 1ift section 908 is lifted and lowered vertically by an
air cylinder not illustrated along guides 909 above a moving
unit 910. When the 1ift section 908 is located at the lowest
point, the wiping member 903 is also located at the lowest
point, and kept away from the outlet hole face 902 of the
paste applicator 20 by a certain distance, without contacting
it. The 1lift section 908 is adjusted so that the wiping member
903 may rise to contact the outlet hole face 902 of the paste
applicator 20.
The moving unit 910 is driven by a ball screw 912 along a
guide not illustrated on a mount’911, to move in the
transverse direction. The ball screw 912 is connected with a
servo motor not illustrated, and can be actuated as desired by
control of the motor.
The wiping member 903 can be made of any material, but it
is desirable that it is made of a resin or rubber, not to flaw

the outlet hole face of the paste applicator. The material can

be selected, considering the chemical resistance against the
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their hone positions, the table 6 and the paste applicator 20 travel to
their respective standby positions. In this case, the portion fromthe
phosphor paste tank 56 to the paste applicator 20 is already filled with
t he phosphor paste, and the el ectromagneti c change-over valve 48 for
application is opened while the el ectromagneti c change-over valve 54 for
sucti on PBOgPBeEdPaskethe surface of the table 6, the lift pins not
iI-lustrated ascend, and the substrate 4 is nmounted at the tops of the |ift
pins by a | oadBe featinguseguerde with thmhepnset h€ theét wpphngadevicaesed, to
mount the substrate 4 on the surface of the table, and positioned on the
tabl e 6 B§ agndgprgibedt bedovee Abtfirststwitdtheeviping tmecbed 993 vacuum
suction.: Subsequently, the table 6 travels till the barrier ribs of
t he subsipapted asnthandieveshepeints atig &mdyt B@5hésghovednsora 41, and
stops. The camera 72 is adjusted in position beforehand to transmt the
i mge of PPRdtépBsbelowhthéapaste applicator 20, and the phosphor pa$te

supply device is actdated, to apply the phosphor paste from

the paste applicator 20, for bleeding. After completion of

bleeding, the 1lift section 908 is lifted, to let the wiping

member 903 contact the outlet hole face %02 of fhe paste

applicator 20. Then, the servo mptor not illustrated is driven,

to move the wiping member 903 in the transverse direction

leftward in Fig. 9, to wipe off the phosphor paste deposited

on the outlet hole face 902. Subsequently, the paste

applicator 20 is moved to a predetermined position, to coat

the spaces between the barrier ribs with the phosphor paste.

The wiping action can be effected whenever the coating of

the spaces bgtween the barrier ribs with the phosphor paste

is completed, or after the coating is carried out several

times. The timing of wiping action depends on the degree of

the deposition of the fluorescent paste on the outlet hole

face 902.

The wiping action allows coating work to be effected with

the outlet hole face of the paste applicator kept cleaned. So,

such, inconveniences that the phosphor paste is deposited on
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ribs on the substrate 4 positioned on the table 6, and detects the
position of the space between the barrier ribs at the extrene end by imge
processi ng, obtaining the distance from the reference point of the camera
72. On the other hand, the distance between the reference point of the
canera and the outlet hole 44 |ocated at the extrenme end of the paste

appl i cat Bhe2topPner@e 9f ctide charrter YTikss of dittatuppsratemnd thaksthed at
the time of prelinmnary adjustnment and stored in_ the general controller 60
as i nf orpR@sPROTr TRAs® s amplird h sthencipanasvetwern rdierkareieni nt of
the camera and the space between the barrier ribs is transmtted to the
i mage prbeesastiacentheor-the smatishdietwegnche hanrien ikt lter behol e 44
at the extrene end of the paste applicator 20 is |ocated above the space
bet ween coatédrcanrbeipreventsd, cand thé phespheri qpastescdns el cul ated, to
| et the paste applicator 20 travel to the position. As a result, the
cent ers whifbImiyieandustablyoapsldédt he pPbet spappsi batweerOtheebpurieroned
above the respective spaces between the barrier ribs to be coated wth
t he phosphbs. paste, to conplete the relative positioning between the paste
applicator 20 and the substrate 4. As anot her positioning nmethod, the
canmera 72 canltli® pueferdablécto gpxvehde amméansctordreamoninygother pl ace
than the barrier-ribs on the substrate 4. The di stance between the
r ef er encehpspdr ofpddiee ceprsd tadl drheamutd tteth @axrtlidord socdiaad the

predetermined coating positions such as the top Ends of the

barrier ribs.

The phosphor paste can be removed by such a means as

spatulas for scraping off, or letting an adhesive material

contact the top ends of the barrier ribs , or blowing

compressed air from air nozzles. The adhesive material is not

especially limited as far as it has said property, and can be

selected, for example, from polyurethane rubber, polyethylene

rubber, siligone rubber or any of their gels.

The form of the adhesive material is not especially

limited, but it is preferable that the adhesive material is é

belt or roller with a form to contact the surface of the

substrate. It is preferable that the belt contacts the

substrate which is being carried while rotating between a

delivery roll and a take-up roll. The contact allows the

phosphor paste on the -top ends of the barrier ribs to be
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52 at the extrene end of the paste applicator 20, and the

di stances between the reference mark and the ends of the spaces between
the barrier ribs to be coated are neasured at the tinme of prelimnary
adjustnment, and are stored in the general controller 60 as information.
Therefore, if the distance between the reference point of the canmera and
the ref&MAYES R¥ I8GiCKIMgrsnitted to the i mage processor 74 , the paste
applicator 20 is driven to travel to the position for coating.

Fur t her #%@PL&f di st ances between the reference point of the canera and
the outlet holes of the paste applicator 20 can_ also be obtained by

appl yi ng t he TR Seseiadowentdpn He seacribash|hedevo conrrnfed nt Ha
substrate flat and snmooth on the surface, to formstripes of the phosphor
past e, &eferanas ity examplases huthda motphdsinitad Benate an itherady . mage
processing, to obtain the absolute positions. Thus, since the positions of
t he out I& thel &oldiowing mxamplasplaf dthe Esant daverdwen Gl

comparative examples, "%" is "wt%" unless otherwise specifiéd.
The formed phosphor layer was evaluated in reference t6 the
féllowing seven items.

+ Paste dischargeability from outlet holes

- Coating time (total time taken for phosphor paste coating
(excluding drying time))

+ Side wall thickness (average of the thicknesses at nine
places in one plane at the center of the height of each
barrier rib)

- Bottom thickness (average of the thicknesses at nine places
in one plane on the dielectric layer)

* Thickness distribution (dif%erence between the maximum
thickness and the minimum thickness in measurement at nine
places)

- Whether or not the paste is deposited on the top ends of
barrier ribs

+ Mixing of colors (ledk of phosphor paste onto the spaces
between the barrier ribs adjacent to the spaces between the

barrier ribs to be coated)
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absol ute position of the paste applicator can be obtained as a result.
This nethod allows the outlet holes of the paste applicator 20 to suit the
spaces between the partitions on the surface of the substrate 4, to allow
coat i ng. The hei ght sensor 40 detects the position of the top ends

of the barrier ribs of the substrate 4 in the vertical direction, and

cal cul at d&¥aPleeilght of the top ends of the .
53 barrier ribs of the substrate 4 fromthe difference between

the detected PoSi4l am widet e 436smm deepl Xt 126 8t o shitkcsodh gilasst able. To
the height, the predeterm ned distance fromthe outlet holes of the paste
appl i cat subEETade Haldyp sem¢encirimdedbarither phvsosknsi¢ivebstinate 4 is
added, to calculate the distance for the paste applicator 20 to descend on
the Z-axip@ste wddh getbdcknesd vife Spast wasppikiposedr u2@ngs adphoto masks,avel
to the position. Thus, even if the position of the top ends of the barrier
ri bs of deyedgped and durnethe toalfloems 10RAngddven eleetrendesuhstrate, the
di stance between the outlet hol-es of

stripes at a pitch of 220 um. A glass paste consisting of a

glass and a binder was screen-printed over the electrodes on

the substrate, and burned to form a dielectric layer.

Subsequently, a photosensitive glass paste consisting of a

glass powder and a photosensitive organic component was

further screen-printed, with a thickness of 200 um, and dried.

Then, a photo mask designed to form barrier ribs between the

respectively adjacent electrodes was used for exposure, and

development and burning were effected, to form barrier ribs.

Thus, 1921 barrier ribs with a width of 30 um and a height of

130 pym were formed at a pitch of 220 um.

The glass substrate with barrier ribs formed like this
was coated with the phosphor pastes composed as follows, using
an apparatus shown in Fig. 3.
Phosphor pastes: Forty grams of any of the following
phosphor powders was mixed with 10 g of ethyl cellulose, 10 g
of terpineol and 40 g of benzyl alcohol, and the mixture was

kneaded by a ceramic three-roller mill, to produce a phosphor

paste of red, green or blue.
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the paste applicator 20 and the top ends of the barrier ribs of the
substrate 4 inportant for coating can be kept always constant. The
hei ght sensor 40 to which the present invention can be applied can be of
any principle to allow nmeasurenent, such as non-contact type using a | aser
or ultrasonic waves, etc. or contact type using a dial gauge or

di f f er eRhagphamnpbwdems,: etc. Then, the table 6 is started to be
noved toward the paste applicator 20, and is accelerated to a

pr edet erRadred Toddd nEu)BEed before the coating start position of the
substrate 4 reaches the position below the outlet holes of the paste
applicator 2@.5Then dinsttdec grdsdimesize lof i erodrdt off dite pooslar.ommd 2 He

tabl e and thezpoating start position nust be
54 m gy ien epeeitfid calsunffadec drdd e 6 to be accelerated to the

coati ng speed. At a place before the coating start position of the
Green: (Zn, Mn);SiO4 S -

2.9 pum in the grain size of 50 vol% of the powder, and 1.8

m2/g in specific éurface area
Blue: (Ba, Eu)MgAljgOy17

3.1 um in the grain size of 50 vol% of the bowder, and 2.5

m2/g in specific surface area

The viscosities of the obtained phosphor pastes were
respectively 14 Pa‘'s (red), 18 Pa‘s (green) and 15 Pa‘s (blue).

One paste abplicator with 64 outlet holes with an average’
diameter of 150 um formed at a pitch of 660 um and with a
length of 2 mm was used for applying the phosphor pastes.

The red phosphor paste and the paste applicator were used
for coating while the distance between the top ends of the
barrier.- ribs formed on the glass substrate and the tips of the
outlet holes of the paste applicator was kept at 0.1 mm.

During the coating, the paste applicator filled with the
phosphor paste was pressurized for continuous application ,
and moved at a speed of 50 mm/sec in parallel to the barrier
ribs. |

After start of coating, a pressure of 2.6 kg/cm2 was
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substrate cones to the position below the outlet holes of the paste
applicator 20, the position sensor 68 for detecting the position of the
table 6 is arranged, and if the table 6 reaches the position, the supply
unit starts action, to start the application of the phosphor paste 42 to
the paste applicator 20. Instead of the position sensor 68, an encogder
can be dﬁﬂﬁgg%@di¥ot¥ﬁecﬂﬁ%d?fo¥e¢e%ﬁ RivRw, OF 02 JRTREEUFReO L pdskE/E6M i n
reference to the value of the encoder. The apggication of the
phosphor"dhstePlied ohR | FeRdc2$¢ | of t GECeDat PRY WREDRPBRPLt PBALSf the substrate
4 comes to the position near below the outlet holes of the paste
appl i cat¥PPlioatopprogressed cte hehe upndr af ethei substiaptsel ocapsdng: was
determ ned position on the table 6, a position sensor or its encoder value
i s presctempinratedosiin ghisgt qase + af O 6l VAINE RAENTRY The (PRSEWSi tion at
which the coating end position of the substrate is right bel ow the outlet
hol es, aapplic¢ator rearked theresnds eoficbanriespohbis ngapbedatdie a stop
command is given fromthe general controller 60 to the supply device
cont r ol | preggure owas oppphitedpht i ceduoe thetpbressuperéncthe paste 42 to the
paste applicator 20. In this case, the paste applicator 20 can be raised,
to perfeapplicatpri hdhen, the paste applicator was moved 5&y 42.24 mm

in the direction perpendicular to the partitioms, and the

phosphor paste was applied. By 10 times of coafing, 640 lines

were formed in every three spaces between the respectively

adjacent barrier ribs. Then, the coating was dried at 80°C for

15 minutes. Similarly., the every space between the barrier .

ribs on the immediate right of each space coated with the red

phosphor paste was coated with the green phosphor paste, and

the every space between the barrier ribs on the immediate left

of each space coated with the red phosphor paste was coated

with the blug phosphor paste.

The substrate coated with the red, green and blue phosphor
pastes was burned at 460°C for 15 minutes, and evaluated. The
evaluation results are shown in Table 1.

(Example 2)

A phosphor layer was formed as described in Example 1,

except that two paste applicators were used instead of one

paste applicator and moved at 50 mm/sec. The evaluation
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supply of the phosphor paste. | f the phosphor paste 42 is a liquid
wth a relatively high viscosity, it is difficult to instantaneously stop
the discharge fromthe outlet holes of the paste applicator 20 by the
action of the remaining pressure. So, as soon as the supply of the
phosphor paste 42 is stopped, the pressure of the manifold 41 of the paste
appl i cat 5PS¥AtSs arg; §hRwg iy fR®leatlnospheric pressure, or changed to a
negative pressure, to suck the phosphor paste fromthe outlet holes of the
paste a 8 ' 320, for al l owi ng the application of the phosphor paste
fromthe outlet holes to be stopped in a short time. As for the neans to
change the pr8sBHPEPBPT hkaYem| was dfaumed as degeribedpiesBxampléflt he
supply unit 50 is a punp, the punp can be operated reversely, that is, in
t he di r eBEFERLt $hafickhrerePpBsSpROPLisators Fespectivelyt fpldedumwdtheed,
the supply wunit 50 can be connected wth a vacuum source, to change the
pressur eaBF¥ ke thenredl dgreenoandnbdae phospbogurpastes weps wsédrt her

ot her nmeans for changing the pressure of the manifold 41 to a negative

pr essur elngfeadeofr onagnaste eppijeatopueforaiceatdngnectrel ewaluatiemuum
source can al so be provided at a position between the el ectromagnetic
change- o¥eépulisvargagshown in Table 1.

(Example 4)

A phosphor layer was formed as described iﬁ Example 1,
except that the number of outlet holes was 640, instead of 64,
and that the coating with one-color phosphor paste was
completed by one time of paste applicator movement. The
evaluation results are shown in Table 1.

(Example 5)

A phosphor material layer was formed as described in
Example 1, except that a substrate with electrodes formed at a
pitch of lzotum and with barrier ribs of 30 um in width and 90
um in height formed at a pitch of 120 um.was used, and that a
paste applicator with outlet holes with a diameter of 75 um
formed at a pitch of 720 um was used for coating once and moved
by 0.36 mm, 46.08 mm, 0.36 mm, 46.08 mm, 0.36 mm, 46.08 mm,
0.36 mm, 46.08 mm and 0.36 mm for coating 10 times in total.
The evaluation results are shown in Table 1.

{Example 6)
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for discharge and the paste applicator 20, or in the paste applicator 20
itself, to change the pressure to a negative pressure. In this case, if
the pressure of the vacuum source 56
can be adjusted fromthe atnospheric pressure to a desired negative

pressure, the speed at which the phosphor paste 42 is sucked fromthe
outl et holes cp‘dr?%c?e*pi’(ﬂﬁj&aé’cﬁr s EmAA apdescidedhdm BXamRAR punp,

aspirator_or piston type capabl e of being operated reversely.

Furt her mﬁ"é?eé)%eulq%%f‘{ﬂps%%%ﬂé%@hr%l%ﬁm% ormad AL &l 1 by
the supply, device controller 58 and the general controller 60. The
table 6 i ARG veltd) D ey Tser ofh80c ylt LRgwWadsh BBEi PPorm| $npassed,
and stops only when it reaches the termnal point. In this case, if

porti ons RSB frmed a4t 13 Pithiaf 13k YhwNas asad.canst that @ masske i n

the Y-axis direction to the next coating start position, and thereafter,
coati ng iaPRE¥ELAEY wHtdvtdet halps s‘/@rﬁgl # cHamatere afe 50 um formed

at a pitch of 720 um was used for coating once and moved by
0.36 mm, 46.08 mm, 0.36 mm, 46.08 mm, 0.36 mm, 46.08 mm, 0.36
mm, 46.08 mm and 0.36 mm for coating 10 times in total.
Furthermore, after the phosphor layer was burnea, an adhesive
roller with a width of 500 mm and a diameter of 250 mm was
rolled so that the entire top ends of the barrier ribs might
contact the roller. The evaluation results are shown in Table
1.

(Example 7)

Phosphor pastes composed as follows were applied as
described in Example 5, and the coating was exposed using a
photo mask w;th 1920 open lines with a width of 80 um at a
pitch of 120 um. Then, it was developed by 0.5 wt%
triethanolamine agueous solution and burned to form a phosphor
layer. The evaluation results are shown in Table 1.

Phosphor pastes: Fifty grams of any of the following
phosphor powders was mixed with 20 g of a binder (1 : 1
copolymer of isobutyl methacrylate : acrylic acid, with a

weight average molecular weight of 24,000), 15 g of a
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that the table 6 is driven to travel in the reverse direction. Wen
coating is to be effected by letting the table 6 travel in the sane
direction as that of the first time, the paste applicator 20 is noved in
the Y-axis direction till the next coating start position, and the table 6
Is returned to the X- axis preEaratorg Eosition. After the coating
process PRRUPRERSETLLBE chepomert htsimpihyleherepane trigcayiasa)to20ravel to
and stop at the place where the substrate 4 is unloaded by an unl oader,

and the 2t t9aFpaoputprolpetengsandtd 4 of aupelvnerizatiensaniwianorhe
vacuum 57 opened to the

at mosphef BFI3FHCe n207 i produeed -p% ¢ibac@elgy) . sandrbhe mhstuueswaste 4 from

the surface of the table 6, for lifting it. At this tine, the
subst r at’Enea4ed HY (2 ofh¥eR-EMbkeS i Mblby tarprepareea pastel|ustrated, and
carried to the subsequent step of process. After the substrate 4 is
transfer?@ﬁﬁ@@ﬂ%fu?o ITsader, the table 6 is returned to the honme position,
wh Red: (Y, Gd, Eu)BO,
2.5 um in'the grain size of 50 vol% of the powder, and 2.3
mzlg in specific surface area |
Green: (Zn, Mn),Si0y4
2.9 yum in the grain size of 50 vol% of the powder, and 1.8
mz/g in specific surface area
Blue: {Ba, Eu)MgAl;gOi17
3.1 um in the grain size of 50 vol% of the powder, and 2.5
m2/g in specific surface area
The viscosities of the obtained fluorescent pastes were
respectively 20 Pa‘*s (red), 32 Pa*s (green) and }9 Pa*s (blue).
(Example 8) .
Phosphor pastes composed of 50 g of a phosphor powder,
40 g of a binder polymer (a photosensitive polymer with a
weight average molecular weight of 43,000 and an acid value of
95 obtained by lettiﬁg 0.4 equivalent of glycidyl methacrylate
addition-react with each equivalent of the carboxyl groups of

a copolymer produced by 40% of methacrylic acid, 30% of methyl

methacrylate and 30% of styrene), 30 g of a solvent (y-
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the lift pins | owered. At this time, the el ectromagneti c change-over
valve 48 for application is closed, while the el ectromagneti c change-over
val ve 54 for suction is opened, to actuate the supply unit 50, for
suppl ying the phosphor paste 42 to the paste applicator 20 fromthe
phosphor paste tank 56 by an anmount necessary for one substrate. In
t he abov®utyrolagtonsedeand tod Wi evdispensdatg mygenthiwskree ssseat curstrad n
the given effective area, the timng for starting the.supply of the
phosphor ofadteseo ofhExpapile lappThearespaotivet hegredienyssodr theosition
and the timng for stopping the application of the phosphor paste to the
paste appgidandicocompoaentthwereahieagednatp@0°Ci foradéssojhutiant, . afd, thehe
respective actions nmust be effected at the optimum points. In this
enbodi nemt fduorescends powdeny wassi added.t eThehaixtiuiseawas kataded bieaout | et
hol es of the paste applicator 20 and the top ends of the barrier ribs of
t he subsknaiades hdo produce a paste. The viscosities o0B8all the
phosphor pastes (red, green and blue) were 0.05 Pa‘s.
A phosphor layer was formed as described in Example 1,
except that a glass substrate with 2000 barrier ribs with a
height of 120 um and a width of 30 um formed at E pitch of 150
um was used, that a paste applicator with 640 outlet holes with
a diameter of 80 um formed at a pitch of 450 um was used, and
that the discharge of the red phosphor paste was followed by
drying at 80°C for 60 minutes with the coating face down,
discharging the green phosphor paste, drying at 80°C for 60
minutes with the coating face down, discharging the blue
phosphor paste, drying at 80°C for 60 minutes with the coating
face down, and burning at 500°C for 30 minutes. The evaluation
results are shown in Table 1.
{Example 9)
' Phosphor pastes were produced as described in Example 8,
except that phosphor pastes composed of 50 g of a phosphor
powder, 40 g of a binder polymer, 30 g of a solvent (y-
butyrolactone) and 4 g of a dispersing agent, respectively

with a viscosity of 0.03 Pa*s (red, green and blue) were used.
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been set, the application of the phosphor paste 42 is started. The reason
Is that if the application of the phosphor paste 42 is started before the
di stance between both is set, the phosphor paste 42 spreads at the tip
faces of the outlet holes when it is applied fromthe outlet holes, to
contam nate other portions than the outlet holes, and that in an extrene

case, the poliPhesSBROFhelg¥Ryspras frmned A5 Agurqribed okh tBannkedent
outlet holes join disadvantageously, not allow ng highly accurate coating.
I f the apprerhtEbatopr ghasphsuvpabrapaswath22008 bapried aiber whehtap faces
of the outlet holes of the paste applicator 20 have been brought close to
t he subskheight4of i whospon width af PO yni Berméedtattaecpipaledf b2édeen
the respectively adjacent barrier ribs before the phosphor paste 42 is
spread ammihthatpafpaste @pplitetoncwhthniedbeoutleticketededitboge does not
happen. Furthernore, this enbodi ment descri bes an application case
wher e t h@isméteracf 200rpmeformedt &t X-pitehdofedéd owmwhand desbgpadt ko
applicator 20 travels in the Y-axis and Z-axis directions. However, the
t abl e angimhdtpesousippiischargeathberedi hhyetandegregnsphdsphar far as
the structure or style allows the paste applicator 20 and the substrate 4
to travepastesavaselgedhrasddthehsthaabpplicationThef aloy ethdetphidsphor
description covers a case of coating wth one phosphor paste, but the
present pastesi wascfiolhdwedbby drying at 80°C for 45 minutes. The

evaluation results are shown in Table 1. .

(Example 10)

A phosphor layer was formed as described in Example 8,
except that phosphor pastes respectively composed of 50 g of a
phosphor powder, 20 g of a binder polymer, 20 g of
trimethylolpropane triacrylate, 30 g of a solvent (y-
butyrolactone), 4 g of a dispersing agent and a photo
polymerization initiator ("Irgacure 907" produced by Ciba
Geigy) and with a viscosity of 0.03 Pa‘s (all of red, green
and blue)} were used.

Subsequently, it was exposed using a photo mask with 1920
open lines with a width of 60 um formed at a pitch of 150 um,
developed by 0.5 wt% triethanolamine agueous solution and
burned at 500°C for 30 minutes, to form a fluorescent material
layer. The evaluation results are shown in Table 1.

{Comparative Example 1)
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59 applied to a case where the three phosphors of red, blue and

green can be sinultaneously applied for coating. Figs. 5 and 6 are
schemati c perspective views show ng exanples of the paste applicator used
in the present invention. In Fig. 5 holes with a certain dianeter are

provided as aqutlet holes 501 in a flat surface. Furthernmore, the outlet

hol es can be b At A RfestRedesn fanmad dfe & dHdabaf 120 #bwn i n
Fig. 6, and this paste applicator is preferable since the paste agplicator
is |ess [3BINAEY BAFTINE kbt 6F 30 um ip widtpr apdr 981 umt hat hepghsent er s
of all the outlet holes of the paste applicator are arranged to position
above t hdomedat ia Piiahaf v wafe ssgeemoPrdinied G’iﬁ‘g’t @t .enfierh

t he phosphor paste. It is also preferable that the average di aneter
of the @RI Rlupfduciesqantpastappising & Sorerm Wwirth mReniBES [off Gom
and not |arger than the spaces between the barrier ribs , and this
prevent s Wh&armadhaha pdjtedef flhisn. The syhstpateevahoburnef ahe paste

applicator_ are not .
460°C for 15 minutes, to form a phosphor layer. The evaluation

results are shown in Table 1.

76



necessarily required to be circular, and the length of the openings in the
direction al nost perpendicular to the barrier ribs can be 10 [err]mto 500
[err]m being snmaller than the spaces between the barrier ribs. The outl et
holes in this case can be oblong, ellipsoidal or rectangular, etc. If the
faces and/or inner walls of the outlet holes of the paste applicator are
60 coated with a fluorine based resin filmsuch as

pol yt et r af | uor oet hiyT ene tred osphdr .pastle Chn. be. reldased better from
the faces and/or ipnner /%%Isg gthg ogtlgt tzo 32 2 angl {t he {cont am nati on of
the faces of the outlet}®lies can & a Bel @r hted. 8 Furthernore, if
t he faces and/or irg,ner wadls*é 2t ogftlegt +h I‘ée;*g) 4 e pﬁste appl i cat or
are coated with angﬁ r phpus, é§rbg £ill I OLOS | the Syrfdde hardness of
t he faces and/or Ber| vl g€ gut Bet dhpldes £are e &)hanced, to
| nprove wear re5| —t——1—h+ g Sseseetienal—vwrewi{and bottom vi ew
E§onf 8j3fsfsla|dfsysiels |y
Zeeislelslsislelelsis) st
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further other exanple of the paste applicator of {t he REBSRKED SHEEHS on. SG

One paste applicator has a plurality of phosphor {pask&ip {oqrf?g, &?.%F..'t@%ged.
704, 705 and 706, phosphor paste supply ports 79 (A& %e

........ ged ... 7.
suppl yi ng phosphor pastes to the phosphor paste Qﬁgg & ct g ...... 40p2§§.:im.
ﬁ %g@\lsqgg o) 43

and 706, and passages _707, .708 and 709 for. conng qg" e ng L
704, 705 and 706 wit h1BGESEEad Apoddsabilite | A ST U e iRaTy

%

..........

Furt hernore, as shown in the bottomview, the nunber of the outFét hol es-
710, 711 and Aagording, §er thaaprersn tofnvien tion,: £jance 2 phgh¥¥4Pregssend
706, and the respective outlet holes 710, 711 and 712 are arranged on

st r ai ghtPROSRBOT [ LAVRT | GaR ybe THIBDAY| SAsMans P8y &he Mo P R to be

applied from one gaste applicator. The shortest distance .
61 spacest bpENeeRcbatrier Kabss .f & Widaly RpRhaahlbe higheguality

different in color is 600 [errlmor nore, to prevent the m xing of
di f f er erplaemardisplay with agpheosphoshdaven Wableds e bighi¥or

illustrating an
precise plasma display can be obtained. In addition, the

plasma display can be produced continuously at a high
productivity level industrially advantageously.

The highly precise plasma display obtained:in fhe present
invention can be used widely in the display field for wall
mounted television sets and information displays.

Claims

1. A method for producing a plasma display., comprising the
step of continuously applying a phosphor paste containing a
phosphorl powder and an organic compound onto a substrate with
a plurality of barrier ribs , from a paste applicator with a
plurality of:outlet holes, to forﬁ a phosphor layer.

2. A method for producing a plasma display, comprising the
steps of céatigg a substrate with a plurality of barrier ribs ,
with three phosphor pastes respectively containing a phosphor
powder emitting light of red, green or blue, as stripes in the
spaces between the respectively adjacent barrier ribs ,'from a
paste applicator with outlet holes, and heating to form a

phosphor layer.
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i rrpor the plasma display produci aﬁ%ﬁ?%@gf’a@mﬁm ur t h&
ot e Hlimomﬁ) lline oresent i nventron. i ns: zsinege‘n R

gator, . ar @ore paste appli cators can ed
d| rectlon The paste applicators 801 and 802 a gggﬁ% 2 Qge """" (?Iqaée """""

not illustrated, in the X and Y directions syn ABVILEY opaﬁénﬁ}“ to paged q;;
synchronously. |If two XndusielgphApphigabibity SOHIEY | ' RBESIhite RAGED

coat the substrate 4 on the table 6 with the phosm’ior Pastels) the
coati ng ti neAssenfdnghdia dibed present |[invdntiamssinde a ighlhmreqias e
applicators can apply a phosphor paste emtting |ight of the same col or,
or can phesiphazhodpiyer past be sdmpliyngormgidt onf theo hdighdiyr prechifser ent
col ors. It is preferable in view of efficiency that the two or nore
past e amplaces detwean beoatied apidrd f romwislely dprrid¢able Heigh rawliny
perpendicular to the barrier ribs by integer tinmes the space between the
adj acentplizsma display witihd & pitosphiven ltdyeniddadlences ian Higlely on bet ween
t he adj acent paste applicators is less than the external wi dth of each
" paste pyeldices @lasnae\dimpd dyocae bapibitaifrealn edahaddidionn the
62 ' _
- plasma display can be produced continuously at a high
_productivity level industrially advantageously.

The highly; precise plasma display obtained in the present
invention can be used widely in the display field for wall
mounted television sets and information displays.

Claims

1. A method for producing a plasma display, comprising the
step of continuously applying a phosphor paste containing a
phosphor powder and an organic compound onto a substrate with
a plu_rality of barrier ribs , from a paste applicator with a
plurality o.f“_‘ outlet holes, to form a phosphor layer.

2. A method for producing a plasma display., comprising the
steps of coating a substrate with a plurality of barrier ribs ,
with three phosphor pastes respectively containing a phosphor
powder emitting light of red, green or blue, as stripes in the
spaces between the respectively adjacent barrier ribs , from a

paste applicator with outlet holes, and heating to form a

phosphor layer.

nn\iiﬂ‘iiiﬂfi i
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dire the barrier ribs. If three such paste
appl tlmmlﬂﬂllﬂmmwlmlgreen and bl ue phosphor pastes are arranged in
series, & thret-col or phosphor |ayer can be efficiently fornmed in the

spaces between the barrier ribs. Fig. 9 is a schematic side view
showi ng a device for cleaning the faces of outlet holes of a paste

appl i caBBor A methodA finre pradpaiang e d@knis drspdaged asgoddkng tw milagmenber
903 may contact a outlet hole face 902 of a paste applicator 20. The

Wi pi ng fdere2,96hereitorthed space {5 )t betwerroftheheespedtdivellgt e face, but
can also be forned to contact only the outlet hole face 902. The w ping
menber @@Jjacenft badriers rilrsackatl 804 awsrabkediametetr §9) 965, thad noves in
. the transverse direction (Y-axis direction) together with the tray 905,
Wi |l e t batliet helesnizatiSFy e Fdlldding eosamdase  direction in contact
with the outlet hole face 902, the phosphor paste deposited on the outlet
hol e face isi1gcumpged gfs.glseosgmaped of f phosphor paste is guided froma
drain port 906 through a tube 907 connected to it, into a waste paste

tank not.i la weitheldedor pridicieigare §1efsmap @msPIeK , Padicoraders twiciadach the
waste paste tank by gravity only, it is desirable to use a vacuum source
such as 1aovaQyuiinRtEinf @he outlet holes are formed in a flat plate or

as nozzles or needles.

5. A method for producing a plasma display, accoiding to claim

1 or 2, wherein the paste applicator used has 20 to 2000

outlet holes.

6. A method for producing a plasma display, according to claim

5, wherein the paste applicator used has 150 to 2000 outlet

holes.

7. A method for producing a plasma display, according to claim

1 or 2, wherein the paste applicator used has 16n £ 5 (n is a

natural number) outlet holes.

8. A method for producing a plasma display., according to claim

1l or 2, wherein the paste applicator used has the outlet holes

at a pitch of 0.12 to 3 mm.

9. A method for producing a plasma display, according to claim

1 or 2, wherein the paste applicator used has the outlet holes

at a pitch corresponding to 3m times (m is an integer of 1 to

10} the pitch of the barrier ribs.
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suctl nmber 903 is |ocated at a position on the right of
the o] ﬂm milﬂg]lﬁste applicator 20 when the tray
es the extrene right position of Fig. 9, where the

mnplng nenber 903 is kept away fromthe phosphor paste applied fromthe
paste applicator 20. Furthernore, the tray 905 has a size capable of
col | ect l8g & metthody Fosppaoduasing @ppliastha displaye pasordimd iteoat or 20.
Moreover, the tray 905 is connected to a lift section 908. The lift
sectioncdadm 4 lorf 2ed wivea eiowdihed pasitel @pipllyicayoan usaidr saydiisfdes rtdwe
il lustrated al ong gui des 909 above a noving wunit 910. When the lift
sect i onfed3omingoEatradhlat: t he | owest point, the w ping nenber 903 is al so
| ocated at the | owest point, and kept away fromthe outlet hole face 902
of the past&/Bppl bcdter 620 by a certain distance, without contacting it.
The lift section 908 is adjusted so that the w ping nenber 903 may rise to
cont act whkeeolt Hat thel dchath 9F2 thle urlpasheleapplindabois?2@he

average diameter of the outlet holes.

11. A method for producing a plasma display, according to

‘claim 1 or 2, wherein the paste applicator used for coating is

60 to 400 ym in the average diameter (D) of outfet holes.

12. A method for producing a plasma display, according to

claim 1 or 2, wherein the phosphor pastes are applied while

the distance between the top ends of the barrier ribs formed

on a glass substrate and the tips of the outlet holes of the

paste applicator is kept at 0.01 to 2 mm.

13. A method for producing a plasma display, according to

claim 1 oxr 2, wherein pastes respectively containing a

phosphor material different in the color of the light emitted

from it are discharged from one paste applicator, and the

shortest distance between the outlet holes applying phosphor

pastes mutually different in color is 600 um or more.

14. A method for producing a plasma display, according to

claim 1 or 2, wherein two or more independent paste

applicators are simultaneously used for coating.

15. A method for producing a plasma display., according to

TR .



The ' ' Ls driven by a ball screw 912 along a guide not
il ugﬂm@ml“]m“ mu"t 911, to nove in the transverse direction. The ball
SCrews I's aonnecked with a servo notor not illustrated, and can be
actuated as desired by control of the notor. The wi pi ng nenber 903
can be made of any material, but it is desirable that it is made of a

resi n orcadmel4, ndteteid | the the oanthete hphetéaappbicaterpaare dppveémat or.
The material can be selected, considering the chem cal resistance agai nst
t he to travel at the same speed. 64 phosphor paste.

The coating sequence with the use of the wiping device 901 is as described
bel ow. A6 fiX stethod hEdheprodudingeabelafid dispsbied atcdébeirgwest point,
the tray 905 is noved to a position below the paste applicator 20, and the

phosphorchaih 2, sutpgtoyiteydsEing bstefedted conpptyléhebphosehosligast e from
the paste applicator 20, for bleeding. After conpletion of bleeding, the
lift secdndnti®Scostingtefl, edch | ebloéheisv pophbowed by drying. :
17. A method for producing.a plasma display, according to
claim 1 .or 2, wherein the paste applicator and the glass
substrate are moved relatively each other in parallel to the
barrier ribs on the glass substrate. .
18. A method for producing a plasma display, according to
claim 1 or 2, wherein to stop the application of the phosphor
pastes, the paste applicator is kept at a negative pressure
internally.
19. A method for producing a plasma display, according to
claim 1 or 2, wherein after the paste applicator and the
substréte have been started to be moved relatively each other
in parallel to the barrier ribs on the substrate, the
application of phosphor pastes is started, and before the
relative movement is stopped, the application is stopped.
20. A method for producing a plasma display, according to
claim 1 or 2, wherein each of the phosphor powders used is 0.5
tollo um in the grain size of 50 wt%¥ of the powder and 0.1 to 2
mzlg in specific surface area.

21. A method for producing a plasma display. according to
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menb outl et hole face 902 of the paste applicator 20.
Then, rl“ﬂ!ﬁmj“uETMManot illustrated is driven, to nove the w ping member
903 in*tHe trafisvérse direction leftward in Fig. 9, to wipe off the
phosphor paste deposited on.the outlet hole face 902. Subsequently, the
paste applicator 20 is noved to a predeterm ned position, to coat the
spaces beiladmnlt be Bar whersinbeacht bft hbepbbophborpagdéRders usedhe W ping
action can be effected whenever the coating of the spaces between the _
barri er ebbsigtshofh80pliosphowtpasfea phoephplret powder, aft €6 2bewepasEng is
carried out several tinmes. The timng of w ping action depends on the
degree o& bihdedepesiihi andoh tbavehuor eReesinpankeratibheyouwtightheke face
902. The wi ping action allows coating work to be effected with the

out|l et hthe phosphbrt hsowdst etapihé Coimdekepés oh eagesl. : Sp,~ suchy .

I nconveni ences that the phosphor paste is deposited on :

65 22. Ahmethpdepds protiieiRgrai glakinlsaebplhg, sHBebraiggand that the

phosphor paste is applied to the spaces between the barrier
claim 21, wherein the binder resin is a cellulose compound.
23. A method. for producing a ﬁiasma display, according to
claim 21, wherein the solvent contains terpineol.
24. A method for producing a plasma display in ﬁhich fhree
phosphor pastes respectively containing a phosphor powder
emitting light of red, green or blue are applied to the spaces
between respectively adjacent barrier ribs on a glass
substrate, to form a phosphor plane, according to claim 2,
wherein the phosphor existing in the portions other than the
predete:mined coating positions are removed by letting them
adhere to an adhesive material. |
25. A method. for producing a plasma display, according to
claim 1 or 2, wherein the phosphor deposited at the top énds
of the barrier ribs are removed by letting them adhere to an
adhesive material.
26. A method for producing a plasma display, according to
claim 1 or 2, wherein each of the phosphor pastes used

satisfies the following relation:

(2H + P - W) x 5 =Hx (P - W) xa/l00 < (2H + P - W) x 30

—_—
T
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ribs paces between the barrier ribs to be coated can be
preveEﬂ Bzm&mEM' sphor paste can be wuniformy and stably applied to
the s barrier ribs. It is preferable to provide a
means for renoving the phosphor paste deposited on any other portions than
the predeterm ned coating positions such as the top ends of the barrier
ribs. wherellie ijshdhehdeighst efcaadhe baemmiead dipssypim)a Pedss the psgathul as
for scraping off, or letting an adhesive nmaterial contact the top ends of
t he bar nferthe barrier biits fgm)comprissthe aiidthr of achnbazirder Hidb
adhesive material is not especially limted as far as it has said

propert {umgnd andin abds thlecephedphbar paedprecofitent pofythet phasphabber,

pol yet hyl ene rubber, silicone rubber or any of their gels. The form

of the pdaes [eroImt)erial is not especially Ilimted, but it is preferable
that the adhesive material is a belt or roller with a formto contact the

sur f ace 2qf. " Bhee thiods ifoat producingpaeipdiasinlae dikpllalyhe aeelorddoy aeti s t he
substrate which is being carried while rotating between a delivery rol

and a takecupimolll orThe @Belragh ahleowhoshhorPhpapbes wssdenanet e top ends
of the barrier ribs to be
viscosity of 2 to 50 Pa-’s.

28. A methqd for producing a plasma display, according to

claim 1 or 2, wherein the phosphor pastes are pﬁotosensitive

phosphor pastes. »

29; A method for producing a plasma display, according to

claim 28, wherein each of the photosensitive phosphor pastes

used has the following composition:

Organic component : 15 ~ 60 parts by weight

Phosphor powder = : 40 ~ 85 parts by weight

-

Solvent 10 ~ 50 parts by weight
30. A method. for producing a plasma display, according to
claim 1 or 2, wherein the barrier ribs are provided as stripes

with the following dimensions:

Pitch ] : 100 ~ 250 um
Width : 15 ~ 40 pm
Height : 60 ~ 170 pm

31. A method for producing a plasma display, according to

claim 1 or 2, wherein the barrier ribs are black on the top

—_—
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66 ”!!ulltuu"! :ﬂ uml sticking. Exanples The present invention is
descri coel ®¥tely in reference to exanples, but is not limted

thereto or thereby. 1In the follow ng exanples of the present invention and
conparative exanples, "% is "w% unless otherw se specified. The forned
phosphor | ayer was evaluated in reference to the follow ng seven itens. .
Past e dissdfaapeability fromoutlet holes . Coating time (total tine taken
for phosphor paste coating (excluding drying tine)) . Side wall thickness
(aver ag8of X hmethud kives gasodicingiea pillases displey pleaswmaiindiecaent er of
the height of each barrier rib) . Bottomthickness (average of the

t hi cknesdedimatl mme? ,plwicaein ntheelptareel oaniddavalilel dcitakedayErl)) of

Thi ckness distribution (difference between the nmaxi mum thickness and the

m ni numihie ghosphdm Tesseiraanetie giogi thicon parmsgpondiffetttvera dralbtof he
paste is deposited on the top ends of
the height of each barrier rib and the bottom wall thickness
{(T2) of the phosphor layer satisfy the following relation:

10 = T1 < 50 um

33. An apparatus for producing a plasma display, comprising a
table for fixing a substrate with a plurality of barrier ribs
formed oh the surface, a paste applicator with a plurality of
outlet holes to face the barrier ribs of the substrate, a
supply means for supplying a phosphor paste to the paste
applicator, and a moving means for three-dimensionally moving
the table and the paste applicator relatively each other.
347 An apparatus for producing a plasma display, according to
claim 33, wherein the relation between the average diameter
(D) of the'outlet holes of the paste applicator and the space
(S) between the respectively adjacent barrier ribs satisfies
the following formula:

10 um = D= S = 500 um
35. An apparatus for producing a plasha display., according to

claim 33, wherein the outlet holes of the paste applicator are
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A 340 nmwi de x 440 mm deep x 2.8 mmthick soda glass substrate fully

screen-printed with a photosensitive silver

of colors (leak of phosphor paste onto the spaces
S adjacent to the spaces between the barrier ribs

to be cbat®edt ™ 67 (Exanpl e 1)

paste with a thickness of 5

[ err] m wastegigcadardiynfoarmeldot andathe lemgthodd afidehchned, the hel@s1920

silver

el ectrodes as stripes at a pitch of 220 [err]m A gl ass paste

consi st i Bdmesta pegpeddiazudas iondte barriercenbsr i ahédtiwespade eSpctrodes

on the substrate, and burned to forma dielectric |layer. Subsequently,

phot osenbetiweengthes neapectdvedys adjacehta bagirdes pabeersatisfy the
phot osensitive organi c conponent was further screen-printed, with a

t hi cknesfodflo¥idg] eedpmioand dried. Then, a photo nmask designed to form

barrier

ri bs between the respectively adjacent el ectrodes was used for

exposure, andli0 um = B = S = 500 um

36. An apparatus for producing a plasma display, according to
claim 33, wherein the pitch of the outlet holes of the paste
applicator is 3m times (m is an integer of 1 to 10) the pitch
of the barrier ribs. -

37. An apparatus for producing a plasma display, according to
claim 3;, wherein the outlet holes of the paste applicator are
on the same plane..

38..An apparatus for producing a plasma display, according to
claim 33, wherein the outlet holes of the paste applicator are
formed by pipes with the same form.

39. An apparatus for producing a plasma display, according to
claim 33, where;n the number of outlet holes of the paste
applicator is 29 to 2000.

40. An apparatus for producing a plasma display, according to
claim 33, wherein the number of outlet holes of the paste
applicator is 16n £ 5 (n is a natural number).

41. An apparatus for producing a plasma display, according to
claim 33, wherein the pitch of the outlet holes of the paste

applicator is 0.12 to 3 mm.

This Sheet Has Been

[T )

a



devel ﬂum mllumrg were effected, to formbarrier ribs. Thus, 1921
barrJﬂn“ﬂ“ dth of 30 [err]mand a height of 130 [err]m were

formed at® atpif¥ch® of* 220 [err]m The gl ass substrate with barrier
ribs fornmed like this was coated with the phosphor pastes conposed as
follows, using an apparatus shown in Fig. Phosphor pastes: Forty

grans of4ZanproRDEREAAS ERthProgusspisor [RS-\M% displaYee RSMAIELINY FOf
ethyl cellulose, 10 g of terpineol and 40 g of benzyl alcohol, and the
m Xt ur e GAddlm @r%amrwnaté@@mecrm dd-amsiexr (B) lof tt@qomwc,eet élqikﬂ?sphor
paste of red, green or bl ue.
Phosphopﬁp&Merp?SteR@@Pl(l‘ﬁat@d? B Bheeriength (L)2.0F [egal g ﬁ’-htehe grain
size of 50 vol % of the powder, and 2.3 nferr]/g in specific surface
area Gosdret( holegh)saddsits @P@r flollowing reladdopm in the grain size of 50
vol % of the pomder and 1.8
L/D = 0.1 ~ 600
43. An apparatus for producing a plasma display, according to
claim 33, wherein the average diametér of the outlet holes of
the paste applicator is 60 to 400 um.
44. An apparatus for producing a plasma display, according to
claim 33, wherein the centers of the outlet holes of the paste
applicator are located above the spaces between the
respectively adjacent barrier ribs.
45. An apparatus for producing a plasma display, according to
claim 33, wherein the faces and/or inner walls of the outlet
holes of the paste applicator are coated with a fluorine based
resin £ilm.
46. An apparatus for producing a plasma display, according to
claim 33, wherein the faces and/or inner walls of the outlet
holes of the paste applicator are coated with an amorphous
carbon £ilm.
47. An apparatus for producing a plasma display. according to
claim 33, wherein the paste applicator has a plurality of
phosphor paste storage sections, phosphor paste supply ports

for supplying phosphor pastes to the storage sections, and

v
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nerr ' hifig urface area Blue: (Ba, EuyMjAl [err] err] 3.1
[err] b;ﬂ“‘ﬂmmig&“‘mmze of 50 vol % of the powder, and 2.5 nerr]/g
in sp tC SUrd ace area The viscosities of the obtained phosphor
pastes were respectively 14 Pa.s (red), 18 Pa.s (green) and 15 Pa.s

(bl ue). One paste applicator with 64 outlet holes with an average

di anet epaglsabed [for Phdidr ethmiin ialiilcdh teftwad [tiie |[gncrahenddetaiodengt h
of 2 mmwas used for applying the phosphor pastes. The red phosphor

past e aghd hepasitd eap hloleatl:0thee nRinibedd off @utded g ethiilse Ideyedt st ance
between the top ends of the barrier ribs forned on the glass substrate and

the tipzhehn the nuided! di0ls@dreigd BRdqidaun apRld aledloustkaRila 0.1 mMm
Buring the coating, the paste applicator filled with the phosphor paste

Was pregoiirespbniding @ itheo ke spRITICR! istibrayyl seutadm a-e Raathrtfed0

mn sec in parallel to the barrier ribs. After start of coating, a

Pressur @yefl 1840 1k0/2680 Ry to a predetermined order almost on &9
straight line.
48. An apparatus for producing a plasma display, according to
claim 33, wherein two or more paste applicators are arranged.
49. An apparatus for producing a plasma display,:according tb
claim 33, wherein a plurality of paste applicators are
provided for respectively different phosphor pastes, and a
plurality of phosphor paste supply devices are provided to
supply the phosphor paétes for the respective paste
applicators, so that the spaces between the barrier ribs of
the substrate may be simultanecusly coated with the plurality
of phosphor pastes.
50. An apparatus for producing a plasma display, according to
claim 33, wherein a pressure adjusting means capable of
setting the pressure in the paste applicator as desired in a
range from atmospheric pressure to a negative pressure, and a
control means to coﬁtrol the timing of the pressure adjustment
are proyided.
51. An apparatus for producing a plasma display, according to

claim 33, wherein a detecting means for detecting the

TN




appI| red or blue, or a pressure of 3 kg/cn2 was applied
| A tflmm]glmu““amgm[ and when the paste applicator progressed to the end
of the substrate,Scoating was termnated. In this case, at 0.1 second
before the paste applicator reached the ends of barrier ribs, a negative
pressure was applied to reduce the pressure in the paste applicator. Then,
t he pastposibpionstof thae ouwviet bifoll@s2d4fnhhei pashe dppétcaborpeapendi cul ar
to the partitions, and the phosphor paste was applied. By 10 tinmes of

coat i ng,dédéctimgsmeans eféordetecthirgethet hositipasesf beheckarther
respectively adjacent barrier ribs. Then, the coating was dried at

80[err] Gilos oS thenspescesSibatiwadny, tlidbameier spidee loft when stbs tiratei, er
ribs on the inmediate right of each space coated with the red phosphor -
paste wes debtéctingtihmeahe foredepdotphgrthaspesition ofiethaetypseads
between the barrier ribs on the inmmediate |eft of each space coated with

t he red gphosipddbapeiér wilss caai ethe ibstdwerd) e detasphiarg mesdrss for  The
substrate coated with the red, green and bl ue phosphor pastes was burned

at 460[ edétéctig 16he8i o £6ioRNGIE evhe uBLPS. ofhEhe eyat Lat i Roléesot t shar e
shown in Table 1. (Exanple 2) A phosphor | ayer was forned as

descri beshéte BxppPicatior Exgept cohbiol HefASt EoAPEONELHDL SnYetiRe USESrt

i nstead of one paste applicator and noved at 50 nmm sec. The eval uation
and end-of.applying of the phosphor paste in response to the
relative position between the outlet holes of tﬁe paste
applicator and the substrate are provided.
52. An apparatus for producing a plasma display, according to
claim 33, wherein an adjusting means for adjusting the
inclination degree of the paste applicator to the top ends of
the barriér_ribs of the substrate, énd a control means for
keeping the tips of the outlet holes of the paste applicator
at a predetermined distance from and in almost parallel to the
top ends of the barrier ribs of the substrate are provided.
53. An apparatus for producing a plasma display. according to
claim 33, wherein a detecting means for detecting the position
in the substrate, of the phosphor paste applied from the
paste applicator onto the substrate is provided.
54. An apparatus for producing a plasma display, accordiﬁg to

claim 33, wherein a detecting means for detecting the number

of the barrier ribs or the spaces between the barrier ribs on

B —



e shown in Table 1. (Exanple 3) A phosphor
I ayer Num Ilmllml" %CI’I bed in Exanple 1, except that three paste
appl i cat ors respecti e led with any of the red, green and bl ue
phosphor pastes were used |nstead of one paste appllcator for coating.
The evaluation results are shown in Table 1. (Exanple 4) A phosphor
| ayer watheéosubdtuetdesandbadrenoframphg heanextept retagnikéngubber of
outl et holes was 640, instead of 64, and that the coating wi th one-color
phosphor spases betweennphet barbjevneibsnetofbeastatedpl foew ctherovenent. The
eval uation results are shown in Table 1. (Exanple 5) A phosphor
mat er i al detgetedanuimberedfathdebarrihed rihbsExanpthe lspasas etwmsdn athe
substrate with electrodes forned at a pitch of 120 [err]mand with barrier
ri bs of Barkter|mibs vark hpmowlidd.

55. An apparatus for producing a plasma display, according to

claim 33, wherein a reference mark detecting means for

detecting a reference mark on the substrate, and a moving

means and control means for relatively moving the paste

applicator and the barrier ribs so that the outlet holes of

the paste applicator may be located above the spaces between

the barrier ribs to be coated with the phosphor paste are

provided.

56. An apparatus for producing a plasma display, according to

claim 33, wherein a means for cleaning the outlet hole faces

of the paste applicator is provided.

57. An apparatus for producing a plasma display, according to

claim 33, wherein a means for removing the phosphor paste

existing in other portions than the predetermined coating

positions of the substrate is provided.

58. An apparatus for producing a plasma display, comprising

three coating devices provided in series to respond to three

phosphor pastes, which are respectively equipped with a table

for fixing a substrate with barrier ribs , a paste applicator

with a plurality of outlet holes to face the barrier ribs of
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[err] my 1 at a pitch of 120 [err] mwas used, and that a
paste alr““ﬁmummllm“et holes with a dianeter of 75 [err]m formed at
a pitch of 720 [&rrfm Was used for coating once and noved by 0.36 nmm
46.08 mMm 0.36 mm 46.08 mm 0.36 mm 46.08 mm 0.36 mMm 46.08 mm and 0. 36
mm for coating 10 tines in total. The evaluation results are shown in

Tabl e 1the rat®, a supply means for supplying phosphor]l pastes to

A phosphor |ayer was fornmed as described in Exanple 1, except that a
subst r att@enpaste appldgatoror mad & neviing imegins 2O~ [tdvmdem and with barrier
ribs of 30 [err]min width and 90 [err]min height formed at a pitch of
120 [ er dimepsiopeddy smovingattbe tadtle amdhltheatpasts tappdutdadgiornol es with a
di aneter of 150 [err]mformed at a pitch of 720 [err] mwas used for

coat i ng rededizved yneash lothed .36 nm 46.08 mm 0.36 mm 46.08 nm 0.36 mMm
46.08 mm 0.36 mm 46.08 mmand 0.36 nmfor coating 10 tines in total.
Furthernore, after the phosphor |ayer was burned, an adhesive roller with
a wdth of 500 mm and a dianeter of 250 mmwas rolled so that the entire
top ends of the barrier ribs m ght
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contact the roller. The evaluation results are shown in Table 1. (Exanple
7) Phosphor pastes conposed as follows were applied as described in
Exanpl e 5, and the coating was exposed using a photo mask with 1920 open
lines with a width of 80 [errlmat a pitch of 120 [err]m Then, it was
devel oped by 0.5 wt % triethanol am ne aqueous solution and burned to forma
phosphor | ayer. The eval uati Abhskeagkts are shown in Table 1.
Phosphor pastes: Fifty grans of any of the follow ng phosphor powders was
m xed with 20Sdnee a widddy @pplitablephlighequalitgoplhgmandibkatayl ate :
acrylic acid, with a weight average nol ecul ar wei ght of 24,000), 15 g of a.
72 equippedowditdi @i pbosphoreiaferi setiftabdlepaspanaighilgcbyeatiekr, 20 ¢
of gamma- butyrol actone and 3 g of a polynerization initiator (lrgacure 907
pr oducedpBpsiiabdiSpilgy) caantet prodixtdr eontinulbneagedtby aighree-roller
mll, to prepare a paste.

productivity level, an industrially advantageous method and

apparatus for producing a plasma display can be provided. The

highly precise plasma display obtained in the present

invention can be widely used in the display field, for example,

for wall mounted television sets, information displays, etc.

The method for producing a plasma display of the present

invention comprises the step of continuously applying a

phosphor paste containing a phosphor powder and an organic

compound onto a substrate with a plurality of barrier ribs ,

from a paste applicator with a plurality of outlet holes.

Furthermore, the present invention comprises the steps of

coating a substrate with a plurality of barrier ribs , with

three phosphor pastes respectively containing a phosphor

powder emitting light of red, green or blue, as stripes in the

spaces between the respectively adjacent barrier ribs on the

substrate, from a paste applicator with outlet holes, and

heating to form a phosphor layer.

Moreover, the apparatus for producing a plasma display of

the present invention comprises a table for fixing a substrate

with a plurality of barrier ribs , a paste applicator with a
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Phosphor powders: Red: (Y, Gd, Eu)B(Jerr] 2.5 [errlmin the grain

size of 50 vol % of the powder, and 2.3 nerr]/g in specific surface
area Geen: (zZn, M) [err]Siderr] 2.9 [err]min the grain size of 50
vol % of the powder, and 1.8 mMerr]/g in specific surface area Bl ue:
(Ba, Eu)MgAlf[err]Qerr] 3.1 [err]min the grain size of 50 vol % of

t he powddmranik®.&f outletn{lsrlidd gto nEfspectihe bamriaxreritsea of the The

- viscosities of the obtained fluorescént pastes were respectively 20 Pa.s
(red), HaHdstrmates eenjupplly edlns SE¢b| siepply e aapeosphor paseoyahor
pastes conposed of 50 g of a phosphor powder, 40 g of a binder polynmer (a
phot osertdid ipkes | applicdatidr A anvdi g oy ageamd| ot | #threet ght of 43, 000
and an acid value of 95 obtained by letting 0.4 equival ent of glycidyl

met hacr ydiddensBsith I 1wmoeiny the htabilod Rodi titd prstd dgislicatexyl groups of
a copol yner produced by 40% of methacrylic acid, 30% of nethyl

met hacr Wweltet brell P BWacH sthdgene), 30 g of a solvent (y-
73
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butyrol actone) and 4 g of a dispersing agent were used instead of those of
Exanple 1. The respective ingredients of the organic conponent were heated
at 80[err]C for dissolution, and then a fluorescent powder was added. The

m xture was kneaded by a kneader, to produce a paste. The viscosities of
A

all the phosphor pastes (red, green and blue) were 0.05 Pa s.
phosphor | ayer was forned as described in Exanple 1, except that a gl ass
substrate with 2000 barrier ribs with a height of 120 [err]mand a wi dth

of 30 [err]mfornmed at a pitch of 150 [err]mwas used, that a paste
applicator wwth 640 outlet holes wwth a dianeter of 80 [err]mforned at a
pitch of 450 [err]gn was used, and that the discharge of the red phosphor
paste was followe@ by drying at 80[err]C for 60 minutes with the coating
face down, dischqgging the greed phosphor paste, drying at 80[err]C for 60
mnutes with the epating face ddgn, discharging the blue phosphor paste,
drying at 80[err]g,for 60 minutes with the coating face down, and? burning

at 500[err]C for @cgn'nute'g. The evaluation results are shown inalfable 1.
(Exanpl e 9) Pqpsphorﬂpast were produced as described in Eganple 8,

except that phqspﬁo¢>paste§ conﬁbsed of 50 g of a phogPhob powder; 40 g of
a bi nder pol ymer,f{,‘3(ﬁg of A sol{ent (y- PHEE o :
a g g ]

O

N

The
'Barrier
Dielectr
Electrode
Substrat

Paste
applicator

/

N
-

L2

1

Fig.

177



butyrol actone) and 4 g of a dispersing agent, respectively wth a

viscosity of 0.03 Pa.s (red, green and blue) were used.
74 A phosphor |ayer was fornmed as described in Exanple 8,

except that a glass substrate with 2000 barrier ribs with a height of 140
[errfmand a width of 50 [err]mforned at a pitch of 36@ [err]m that a
paste applicator with 1940 outlet holes with a di ameter® of W0 [err]m
fornmed at a pitch of 360 [err]m and designed to sind thmeoldsly di scharge
the red, blue and green phosphor pastes was used, ancﬁ: & tihe application
of all the phosphor pastes was followed by drying at @8 @rr:C fg 45
mnutes. The evaluation results are shown in Table 1§ & Bl egl0)

A phosphor | ayer was forngd as described in Exanple 88 &xceft that

phosphor pastes regpectiv@ly ¢ sed of 50 g of a phosptPog ‘Powder, 20 g
of a binder polynmerg 20 govof L.r.i.rre.t.h%l ol propageﬁrﬁa&r)‘é &teo 3089 of a
solvent ([err]- bl yrol &tonpf, 4 g:df a dispérdin ﬁgé'ntggl 2aphot o
pol yrmeri zation init3 ator  "grpdcure 947" produged by @ %agggag 8
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Geigy) and with<a viscosity of 0.03 Pa.s (all of red, green and blue) were
used. Subsequently, it was exposed using a photo mask with 1920 open
lines with a width of 60 [err]mforned at a pitch of 150 [err]m devel oped
by 0.5 wt% triethanol am ne aqueous solution and burned at 500[err]C for 30

mnutes, to forma fluorescent material |ayer. The evaluation results are
shown in Table 1. (Conparative Exanple 1)
75 A substrate with electrodes fornmed at a pitch of 120

[err]m and with barrier ribs of 30 [err]min width and 90 [err] min height
formed at a pitch of 120 [err] mwas screen-printed with red, green and

bl ue fluorescent pastes using a screen with openings of 80 [err]mforned
at a pitch of 360 [err]m The substrate was burned at 460[err]C for 15

m nutes, to forma phosphor |ayer. The evaluation results are shown in
Tabl e 1.

Fig. 3
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77 78 I ndustrial Applicability According to
the present invention, since a highly precise phosphor |ayer can be sinply
formed on-the highly precise spaces between barrier ribs , a widely
applicable high quality plasma display with a phosphor | ayer usable as a
hi ghly precise plasnma display can be obtained. In addition, the plasm

di spl ay can be produced continuously at a high productivity |evel

i ndustrially advant ageously. The highly precise plasna display
obtained in the present invention can be used wdely in the display field
for wall nounted television sets and information displays. Cainm 1. A
nmet hod for prodUC| g a plasma display, conprising the step of continuously
applylng r paste containing a
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phosphor powder and an organi c conpound onto a substrate from a paste
applicator with a plurality of outlet holes, the substrate having a
plurality of barrier ribs where the paste is being applied in the spaces
between the barrier ribs to form a phosphor |ayer, wherein the paste
applicator used has the outlet holes at a pitch of 0.12 to 3 m”Mmm 2. A

nmet hod for producing a plasnma display, conprising the steps of coating a
substrate with a plurality of barrier ribs wth three phosphor pastes
respectively containing a phosphor powder enitting |ight of red, green or
blue, as stripes in the spaces between the respectively adjacent barrier
ribs , froma paste applicator with outlet holes, and heating to forma
phosphor | ayer, wherein the paste applicator used has the outlet holes at

a pitch of 0.12 to 3 nm 78

I ndustrial Applicability According to the present invention, since a
hi ghly precis¢ ipg),spa)r | ayer can be sinply formed on the hi ghI y precise
spaces between barrier ribs , a whaéd Iy appllcq$¢2 high quality plasm

di splay with a phosphor |ayer sable as a precige plasma di splay
can be obtained. In additi pla JﬂﬂJxL_vgﬁ’be produced
continuously at a high duct ifv Lfv L Pvel dustri‘ally adva geously.
The highly precise plas ; y obt alne n the prese
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i nvention can be used widely in the display field forROEIACEMBYRSSEETS SG
tel evigion sets and information displays. d ains O dennﬁwmxmﬂpd”u)pqmduz'

produci ng a pl asna di splay, conprising the step o pfdnmmmgouslyuﬁﬂaﬁ&bpgyﬂ"i
phosphor paste containing a phosphor p er and n[prmaﬁh@(sqorrpugdagj’wtp ol ..
substrate froma paste applicator with @ pluralit fakgtthétet | %&qmt@%agedﬁ
substrate having a plurality of barrler ri bs wherije/the paste is being
applied in the spaces betldd baRR1LAE Ba1{q f QSR
wherein the paste applicator used has the outl et %(BP :

to 3 m 2. AAmw@a%rtOpr%cmr@sgnbl a&wﬁna%gphaﬁn@@m |hs‘19’?d~Yt l?é’ecsltsé?)s
of coating a substrate with a plurality of barrier ribs wth three
phosphor phosphorespayervery bentsdinpiy Zomes pRr the ohdighl¥nPrErA§el i ght
of red, green or blue, as stripes in the spaces between the respectively
adj acent Spacesr beitiween fhagmier patbe appl Wédedy apphicable higheguadddy
heating to forma phosphor |ayer, wherein the pastée applicator used has

t he out| eplasies ddtspd gy twiltlofa (pHespbo8 kayer usable as a highly

79 3. A nethod for producing a plasnma display, according to claim 1 or
2, wher ei prebdseppiasn®) dstplagn ¢ém bespbtaineldy Inlj addntiparrkbe ribs
and the average dianeter (D) of the outlet holes satisfy the foll ow ng
fornmul a: plasma display can be produced continuously at a high

productivity level industrially adva;xtageously.

The highly precise élasma display 6btained in the present
invention can be used widely in the display field for wall
mounted television sets and information displays.

Claims |

1. A wmethod for producing a plasma display, comprising the
step of continuously applying a phosphor paste containing a
phosphor powder and an organic compound onto a substrate
from a paste applicator with a plurality of outlet holes,
the substrate having a plurality of barr:_ier ribs where the
paste is being applied in the spaces between the barrier
ribs to form a phosphor layer, wherein the paste applicator

used has the outlet holes at a pitch of 0.12 to 3 mm.

- 2. A method for producing a plasma display, comprising the
steps of coating a substrate with a plurality of barrier ribs .,
with three phosphor pastes respectively containing a phosphor
powder emitting light of red, green or blue, as stripes in the
spaces between the respectively adjacent barrier ribs , from a

paste applicator with outlet holes, and heating to form a

phosphor layer, wherein the paste applicator used has the

outlet holes at a pitch of 0.12 to 3 mm. REPLACEMENT SHEET
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10 [err\] m [err]”mm ' 500 [err]m 4. ﬁEtW&W%ﬁﬁE}F% &6 _
pl asma- dL8p| ay ﬂﬂu Iﬁ”l,ﬂl lal m 1 or 2, wheretnDeisPtes | @@gwo% I@B@dq
formed in, Bl ate ®Br s ag nozzles or needl ésf Chim(@) net ipegedtSPto paged 7/
produci ng a pl asrra d| spl ay, according cl ai m |1loPrévinglske: pagedt Detomgtd...
applicator used has 20 to 2000 outlet holes. d#0d f @ag (ﬁﬂﬁﬁ?ﬁ
pl asma di spl ay e paste applicator, used

i , accordi to, cl aj 5, . wher ei
has 150 to 2000 out | et %Wﬂ%ﬁ%ﬁgﬁ%

according to. a| m

wh th
DS A TRe e b

hiogiamay,

aste(ﬂgpu

pr oire 0F RECENSIE/OS
S atoT Sjompt! ~eTT
ot proese ]

5 (nis a nat
to.claim 1 or 2, V\/nereln

5223”%?9???@%&& ﬁ%&%% an, e, SHTRLY SOETisdh S

aste applicator
:"t}%*ﬁr Hﬁfs’:p $is an
|nteger of 1to 10) the pitch of the barrjer r|b

80 . SRARAHREFReh RISy BT asrfa ‘ﬂﬁ-%}%yap%%%?mﬁghjt%h quality
plasma display with a phosphor layer usable as a highly

precise plasma display can be obtained. In addition, the

plasma display can be produced continuously at a high
productivity level industrially advaﬁtageously.

The highly precise plasma display 6_btained in the present
invention can be used widely in the display field for wall
mounted television sets and information displays.

Claims

1. A method for producing a plasma display, comprising the
step of continuously applying a phosphor paste containing a
phosphor powder and an organic compound onto a substrate
from a paste applicator with a plurality of outlet holes,
the substrate having a plurality of barrier ribs where the
paste is being applied in the spaces between the barrier
ribs to form a phosphor layer, wherein the paste applicator

used has the outlet holes at a pitch of 0.12 to 3 mm.

2. A method for producing a plasma display, comprising the
steps of coating a substrate with a plurality of barrier ribs .,
with three phosphor pastes respectively containing a phosphor
powder emitting light of red, green or blue, as stripes in the
spaces between the respectively adjacent barrier ribs , from a

paste applicator with outlet holes, and heating to form a

wherein the paste applicator used has the

REPLACEMENT SHEET
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claim1 or-2, whereinn the paste applicator used satisfies the fol |l ow ng

formul a:.s - r] 600 where L is the length of the outlet
hol es, and m“g@m“m&‘m di aneter of the outlet holes. 10. A nethod
for produci cplasma & splay, according to claim1 or 2, wherein the
paste applicator used for coating is 6§ to 400 [err]min the average
dianeter (D) of outlet holes. 1:1. A nethod for producing a plasna

di splay, according to claim1l or 2, wherein the phosphor pastes are

appl T ed_ i hepdthgadistana Beleel Linshad S LREARLPIY IS T e

on a gl ass SubStTate -and e outle es o e~ paste
3PDLL SRS of ok cBhedlsl Bhel 8pRcH" ) LB S U L Badumiga o plesm,
e i SR aREnE: birate o EaBE ahn thechvekade hiSnehEr: (BT o cPunce
col or 1 s°BobSt] BPLPh GRLAGRE. theIe81IRkRg, BBER T Asauci ng & pl asmm di spl ay.
2ppl i cators atf B Pamedcy SHOeH™ or coating. 14 A method for
producing.aAp&g%Hgdd%ggl%%bdgggggdgnglggma display, according to claim

1 or 2, wherein the outlet holes are formed in a flat plafe or

as nozzles or needles.

5. A method for producing a plasma display, acco%ding to claim

1 or 2, wherein the paste'applicator uséd has 20 to 2090

outlet holes.

6. A method for producing a plasma display, according to claim

5, wherein the paste applicator used has 150 to 2000 outlet

holes.

7. A method for producing a plasma display, according to claim

1 or 2, wherein the paste applicator used has 16n * S (n is a

natural number) outlet holes.

8. A method for producing a plasma display, according to claim
1. or 2, wherein the paste applicator used has the outlet holes
at a pitch corresponding to 3m times (m is an integer of 1 to

10) the pitch of the barrier ribs.

REPLACEMENT SHEET
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- 81 clal two or nore paste applicators are driven to
travel at iﬁ”WlQ ﬂ(ﬂa‘]\ 15. A method for producing a plasma display,
according 0 ¢ Clial m erein coating is effected one col or by one col or,

and the coating of each color is followed by drying. 16. A nethod for

produci ng a plasma display, accordinggigo claim1l or 2, wherein the paste
applicator and the glass substrate are noved relatively each other in

parallel to the barrier ribs on the glass substrate. 17. A method for
pr oduci ng | as i splay, according to clajml1 or 2, ein to stop the
appl i cati £ %f "’teggm?ho@d:h aab‘%t“é’s féel Y'cﬁ‘iﬁ‘”ﬁi‘%p‘i at a

negatlve ressyre internally A net hod for producjn
di spl ay, & 31 F t%o w&eﬁ%“l t&e ?as\,&ee,aap?pﬁa[té:rr i ef’g’(té' ﬁ? ctat%r and

the substrate have been started to be noved reIatlver each other in
paral | el tod loydng, Hoxglaps on the substrate, the appl i cation.of phosphor
pastes is started and before the relative novenent is stopped, the
application i /8 apPfed. ~ 89 A met hod for producing a pl asma di spl ay,

according to
where L is the length of the outlet holes, and D is the

average qiameter of the outlet holes.

10. A -method for producing a plasma display. accordiﬁg to
"claim 1 or 2, wherein the paste applicator used for coating is
60 to 400 um in the average diameter (D) of outlet holes.

11. A method for producing a plasma display. according to
claim 1 or 2, wherein the phosphor pastes are applied while
the distance between the top ends of the barrier ribs formed
on a glass substrate .and the tips of the outlet holes of the
paste applicator is kept at 0.01 to 2 mm.

12, A method for producing a plasma display, according to
claim 1 or 2, wherein pastes respectively containing a
phosphor material different in the color of the light emitted
from it are discharged from one paste applicator, and the
shortest distance between the outlet holes applying phosphor
pastes mutually different in color is 600 ym or more.

13. A method for producing a plasma display, according to
claim 1 or 2, wherein two or more independent paste
applicators afe simultaneously used for coating.

14 . A method for producing a plasma display, according to




claim1l1 or—2, wherein—each of the phosphor powders used is 0.5 to 10

[err]mi ' ' f 50 wt % of the powder and 0.1 to 2 njerr]/g in
speci fi ch‘l‘iﬁHmimHmﬂﬁm A nmet hod for producing a plasma display, '
accordin c L M s % 82 claim1l1 or 2,
wherein each of the phosphor powders used consists.of 30 to 60 w% of a
phosphor powder, 5 to 20 wt% of a biqﬁgr resin and a solvent, wherein the
rati o by weight of the phosphor powder to the binder resinis 6 : 1 [err]
3: 1. 21. A nethod for producing a plasm display, according to claim20

, Wherein the b'ﬂger resin is a cellulose conpound. _22. A nethod_for
produci nfF@HRattra WRePeLY, the cbYai o Fore cPaf ke 28PPIheR BPRS t fES sOFivan
contains terpineol. 23. A nethod for producing a plasma display in which
three pheRpkErvephstbsthespaBei §88¢dcont ai ni ng a phosphor powder enitting
light of red, green or blue are applied to the spaces between respectively
adj acent bar rk drethod £or pEerdusing psplasha dbSPhivh 2¢PRE$HRY BPane,
according to claim?2, wherein the phosphor existing in the portions other
t han t he cliWe? erviterelin ceeaingots tebrected PrepvROHYLY 2R Ngoldem

and the coating of each color is followed by drying.

l6. A method for producing a plasma display, according to

claim 1 or 2, wherein the paste applicator and the glass

substrate are moved relatively each other in parallel to the

barrier ribs on the glass substrate.

17. A method for producing a plasma display, according to

claim 1 or 2, wherein to stop the application of the phosphor

pastes, the paste applicator is kept at a negative pressure

internally.

18. A method for producing a plasma display. according to

claim 1 or 2, wherein after the paste applicator and the

substréte have been started to be moved rélatively each other

in parallel to the barrier ribs on the substrate, the

application of phosphor pastes is started, and before the

relative movement is stopped, the application is stopped.

19. A method for producing a plasma display, according to

claim 1 or 2, wherein each of the phosphor powders used is 0.5

to 10 pum in the grain size of 50 wt%¥ of the powder and 0.1 to 2

mzlg in specific surface area.

20. A method for producing a plasma display, according to

REFLACEMENT SHEET
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adhere to--an- adhesive material. 24. A nethod for producing a plasma
di spl ay accormliht claim1 or 2, wherein the phosphor deposited at the

t op endsluﬂl I"E' “ulﬁ““rlbs are renoved by |etting them adhere to an
adhesi ve

nmet hod for producing a plasma display. according

to claiml 6r 2, Wherei'n each of the phosphor pastes used satisfies the
following relation: (2H+ P - W x 5 [&r] Hx (P - W x a/100 [err] (2H +
P- W x 30 83 where His the

hei ght of each barrier ribs ([err]m; Pis the pitch of the barrier ribs
([err]m,; datmtheomi 2f hwindrehe hedetirofrthe bphésphot mMpowdwsa used he
phosphor powder content of the phosphor paste (vol%. 26. A nethod for
produci ng compd Bstm olf sSpd ayo EE oot dli o) 4 ophosplidai pdwder 2,5 werd rwtheof
phosphor pastes used have a viscosity of 2 to 50 Pa s. 27. A nethod
for produa rgimder asamini s &y, sAleat €] nghdvein! then adio2bywheighd bhe
phosphor pastes are photosensitive phosphor pastes.
the phosphor powder to the binder resin is 6 : 1 -3 : 1,
21. A method for producing a plasma display, according to
claim 20, wherein the binder resin is a cellulose compound.
22. A method for producing a ﬁlasma display, according to
claim 20, wherein the solvent contains terpineol.
23. A method for producing a plasma display in which three
phosphor pastes respectively containing a phosphor powder
emitting light of red, green or blue are applied to the spaces
between respectively adjacent barrier ribs on a glass
substrate, to form a phosphor plane, according to claim 2,
wherein the phosphor existing in the portions other than the
predetermined coating positions are removed by letting them
adhere to an adhesive material.
24. A method. for producing a plasma display, according to
claim 1 or 2, wherein the phosphor deposited at the top ends
of the barrier ribs are removed by letting them adhere to an
adhesive material.
25. A method for producing a plasma display. according to
claim I or 2, wherein each of the phosphor pastes'used
satisfiés the following relation:

(2ZH + P - W) x S S Hx (P - W) x a/100 = (2H + P - W) x 30

REPLACEMENT SHEET
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28. A pet-hod -f-or preducing a plasma display, according to claim 27,
wherejn each of“tlrmlgﬂhosensitive phosphor pastes used has the follow ng

conposi i ¢ conponent . 15 [err] 60 parts by wei ght
Phospho [err] 85 parts by wei ght Sol vent
: 10 [err] 50 parts by weight 29. A n@%hod for producing a plasnma display,
according to claiml or 2, wherein the barrier ribs are provided as
stripes wth the foll ow ng di nensions: Pitch 100 [err]
250 [err]m W dt h - 15 [err] 40 [err]m Hei ght :
60 [err] 4irereeirisn the haight i ¢achpbabitiengribpl bdnh: dPspﬁa?heaEé§¢d|ng
to claiml or 2, wherein the barrier ribs are black on the top
84 surfa@ésthesharm@ﬁﬁthbdsfﬂ#nbwd@ub$nghg wiatheofli eptybaprterdral to
claiml1 or 2,-wherein the.lateral side wall thickness (T1) of the phosphor
| ayer at Cure) posid i anisothe Plurapher t @awdeat fccm‘tertm@ﬁwéﬂmtpmsu;m
barrier rib and the bottomwall thickness
paste (volsg).
26. A method for producing a plasma display, according to
claim 1 or 2, wherein the phosphor pastes used have a
viscosity of 2 to'S0 Pa's.
27, A method for producing a plasma display, according to
claim 1 or 2, wherein the phosphor pastes are photosensitive
phosphor pastes.
28. A method for producing a plasma display, according to
claim 27, wherein each of the photosensitive phosphor pastes
used has the following composition:
Organic component : 15 ~ 60 parts by weight
Phosphor powder : 40 ~ 85 parts by weight
Solvent : 10 ~ 50 parts by weight
29. A method, for producing a plasma display., according to

claim 1 or 2, wherein the barrier ribs are provided as stripes

with the following dimensions:

Pitch : 100 ~ 250 pm
Width : 15 ~ 40 pm
Height : 60 ~ 170 ym

30. A method for producing a plasma display. according to

claim 1 or 2, wherein the barrier ribs are black on the top

REPLACEMENT SHEET
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(T2) of the phosphor Layer satisfy the followng relation: 10 [err]
T1 [ernr] . err] T2 [err] 50 [err]m 0.2 [err] T1/T2

[err] 5 3 ui t produci ng a plasnma display, conprising a
table for with a plurality of barrier ribs fornmed on

the surface, a paste applicator wwth a plyurality of outlet holes to face
the barrier ribs of the substrate, a supply neans for supplying a phosphor
paste to the paste applicator, and a noving neans for three-dinensionally
movi ng téerfabée.and the paste applicator relatively each other, wherein
the pitch of the outlet holes of the paste applicator is 0.12 to 3 mm

33. An appmr( akugethodproduprbguainyaanplidsmpl dispaagor dcegrigngCltai m 32,
wherein the relation between the average dianeter (D) of the outlet holes

of the pasigimppl bgaporwnsdei hetEpatater8) BeHWeRA1lhenkierpeski why of
adj acent barrier ribs satisfies the follow ng fornmula: 10 [err]m

[FCE) oy (SiElpfebanst Sipelehg e fochuiomsseimpian oty inas e
appl i cat ofh&@rReight of edch barrier rib and the bottom wall thickness
(T2) of the phosphor layer'satisfy the following relation:
10 = TL = S0 um |
10 = T2 = SO pm
0.2 = T1/T2 = 5
32. An apparatus for producing a plasma display, comprising a
table for fixing a substrate with a plurality of barrier ribs
formed on the surface, a paste applicator with a plurality of
outlet holes to face the barrier ribs of the substrate, a
supplylmeans for supplying a phosphor paste to the paste
applicator, and a moving means for three-dimensionally moving

the table and the paste applicator relatively each other,
wherein the pitch of the outlet holes of the paste

applicator is 0.12 to 3 mm.

33. An apparatus for producing a plasma display, according to
claim 32, wherein the relation between the average diameter
(D) of the outlet holes of the paste applicator and the space
(S) between the respectively adjacent barrier ribs satisfies
the following formula:

10 ym = D = S = 500 um
34 . an apparatus for producing a plasma display. according to

claim 32 , wherein the outlet holes of the paste applicator are

'REPLACEMENT SHEET |

11 AUG 1999




85 not circul arl'y forned,” and the length (B) of each of the holes al nost

per pendi cu Rer ribs and the space (S) between the _
respective aﬂmaﬂ!& H ﬁer ribs satisfy the follow ng relation:
10 [err]m[err enr)s S«[err] 500 [err]m 35 . An apparatus for producing

a plasma display, according to claim3285wherein the pitch of the outlet
hol es of the paste applicator is 3mtines (mis an integer of 1 to 10) the
pitch of the barrier ribs. 36 . An apparatus for producing a plasm
di spl ay, acdordingpkarly|fammelR, andertdien ltelng tdut{Bat offoleashofoft kbepiotles
applicator are on the sane plane. 37. An apparatus for producing a plasna
di spl ay, adowsdi merpendicular32o Wwier diarnies qiblset ahd| tBeospane pSite
applicator are fornmed by pipes with the sane form 38. An apparatus for
pr oduci ng be tpiegsnetid g spectdoedivdiaddg dcen tc lbeirmid2, riber esatisEy nther of
outl et holes of the paste applicator is 20 to 2000. 39. An apparatus for
produci ng fallleasimy dieslptadyon:according to claim 32, wherein the nunber of
outl et holes of the paste applicator is 16n 5 (n is-a natural nunber).
10 um = B S § = 500 um

35 . An apparatus for producing a plasma display, according to

claim 32, wherein the pitch of the outlet holes of the paste

applicator is 3m times (m is an integer of.I to 10} the pitch

of the barrier ribs.

36 . An apparatus for producing a plasma display, according to

claim 32, wherein the outlet holes of the paste applicator are

on the same plane.

37. An apﬁaratus for producing a plasma display, according to

claim 32, wherein the outlet holes of the paste applicator are

formed by pipes with the same form.

38, An apparatus for producing a plasma displdy, according to

claim 32, wherein the number of outlet holes of the paste

applicator is 20 to 2000.

39. An apparatus for producing a plasma display, according to

claim 32, wherein the number of outlet holes of the paste

applicator is 16n £ 5 (n is a natural number).
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86 40. An ébparatus for producing a plasma display, according to claim

32, wherein th ﬁr (D) of the outlet holes of the paste
appl i cat or andﬁlmmﬁmuﬂ“@m f each of the outlet holes satisfy the
following relatfon® “ " C/D=0.1- 600 41. An apparatus for producing a

pl asma di splay, according to -claim 32, rein the average di aneter of the
outl et holes of the paste applicator is to 400 [err]m 42. An
apparatus for producing a plasm display, according to claim32, wherein

the cent er ggof A%h%p%l#exjaettush(yo%s .p(}fodg.l@ig]@a%t %tla%ﬁ'e%l 'd&%tp?{a@r %éf%%,&%% ghpve

t he spaces between respectively adjace arrier

apparat us qta b OFHCAR A TR Ye3BLAY q13G6% 19! O %E@ Butde MR

the faces ant | iner wa 0 e ol i ol es 'of the paste applicator
ar o0at o hen Ll D NERRL H Byl Wihodh oA GRPRAIR! i
W th an angASTSts RaSFbaR THAH, Ches okt oRiBE REARUSR r oduci ng a pl asme
di spl ay, accordhgg Loo}l ~ 600
41 . An apparatus for producing a plasma display., according to
claim 32, wherein the average diametér of the outlet holes of
the paste applicator is 60 to 400 um.
42 . An apparatus for producing a plésma display. accordin§ to
claim 32, wherein the centers of the outlet holes of the paste
applicator are located above the spaces between the
respectively adjacent barrier ribs.
43 . An apparatus for producing a plasma display, according to
claim 32, wherein the faces and/or inner walis of the outlet
holes of the paste applicator are coated with a fluorine based
resin film.
44 . An apparatus for producing a plasma display, according to
claim 32, wherein the faces and/or inner walls of the outlet
holes of the paste applicator are coated with an amorphous
carbon film.
45, An apparatus for producing a plasma display., according to
claim 32, wherein the paste applicator has a plurality of
phosphor paste storage sections, phosphor paste supply ports

for supplying phosphor pastes to the storage sections, and
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cl ai m 32, mhereln fhe paste applicator has a plurality of phosphor paste

ng{ggf“ﬂmmumu)uwﬂi gg[I gﬁgteaﬁgpply ports for supplying phosphor

87 pagsafes- fdt flui'd communicati on between the storage sections and the
outl et holes; the nunber of outl et holes Is larger than the nunber of
st or age sections and the outlet holes 8dorresponding to the respective
storage sections are arranged cyclically according to a predeterm ned
order alnost on a straight line. 46 . An apparatus for producing a plasma
di spl ay, ®&Grageq for GlHidGgpanugiaadiion e ofeqmrihigpastaragh | serns ar e
arranged. 47. An apparatus for producing a plasma display, according to
cl ai m 32, amteridien autglal flales ;ofthea Mumbgip | AWrle v les ok derder
respectlvely di f ferent phosphor pastes, and a plurality of phosphor paste
suppl y detihggs the mmbanief tsdorageplsedthiongsvossibritipastutsldtorhales
respective paste applicators, so that the spaces between the barrier ribs
of the sulgtrespondinddcithe raspect]iyec cedtaarhge tsedthons w\ idnramfed
phosphor pastes.

cyclically according to a predetermined order almost on a

.straight line.

46 . An apparatus for producing a plasma display, according to

claim32 , wherein two or more paste applicators are arranged.

47 . An apparatus for producing a plasma display, according to

claim 32, wherein a plurality of paste applicators are

provided for respectively different phosphor pastes, and a

plurality of phosphor paste supply devices are provided to

supply the phosphor pastes for the respective paste

applicators, so that the spaces between the barrier ribs of

tﬁe substrate may be simultaneously coated with the plurality

of phosphor pastes.

48. An apparatus for producing a plasma display, according to

claim 32, wherein a pressure adjusting means capable of

setting the pressure in the paste applicator as desired in a

range from atmospheric pressure to a negative pressure, and a

control means to control the timing of the pressure adjustment

are provided.

49. An apparatus for producing a plasma display., according to

claim 32, wherein a detecting means for detecting the

|

*ﬁs" “
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48. An duci ng a plasma di splay, according to claim 32,
wher ein 6@3 gil Bﬂt&gmting means capable of setting the pressure in the
paste a red in a range from atnospheric pressure to a
negative pressure, and a control means to control the timng of the
pressure adjustnment are provided. 49. An apparatus for producing a plasnma
di splay, according to claim32, wherei & detecting neans for detecting
t he 88 positions of the outl et
hol es of the paste applicator, a detecting neans for detecting the
posi ti ons RASHREOBA ¢+ ckhe ropklet hatespafeshpePabth RRBLBERAEPEr fi bs of
the substrate, a detecting neans for detecting the position of the top
ends of t¢RteAEING IMeRDS tdetegbingatbe podédtéensngfnbhasbpsrier
detecting the position of the tips of the outlet holes of the paste
appl i cat orckbgl @ dilte dpaaesn deftsrecgorithe| barniehaihar of db¢ esubsdfrate,
applying of the phosphor paste in response to the relative position
bet ween t e drtéctingrsand fdre gateectingptheaposibhont b€ théstoptendse
provi ded. :
of the barrier ribs on the substrate, a detecting means for
detecting the position of the tips of the outleft holes of the
paste applicator and a control means for controlling the start
and end of_applying of the phosphor paste in response to the
relative position between the outlet holes of the paste
applicator and the substrate afe provided.
50 . An apparatus for producing a plasma display, according to
claim 32, wherein an adjusting means for adjusting the
inclination degree of the paste applicator to the top ends of
the barrier ribs of the substrate, énd a control means for
keeping the tips of the outlet holes of the paste appiicator
at a predetermined distance from and in almost parallel to the
top ends of the barrier ribs of the substrate are provided.
51. An apparatus for producing a plasma display, according to
claim 32, wherein a detecting means for detecting the position
in the substrate, of the phosphor paste applied from the
paste applicator onto the substrate is provided.
52. An apparatus for producing a plasma display., according to

claim 32, wherein a detecting means for detecting the number

of the barrier ribs or the spaces between the barrier ribs on
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. ucing a plasma display, according to claim 32,
V\/nerel n 3 mﬁl ﬂ#ﬂ for adjusting the inclination degree of the
paste ap p ends of the barrier ribs of the substrate, and

a control neans for keeping the tips of the outlet holes of the paste
applicator at a predeterm ned di stance §r0n1and in alnost parallet to the
top ends of the barrier ribs of the subg rate are provided. 51. An
apparatus for producing a plasna di splay, according to claim32, mherein a

det ecti ng Eﬁé”éufzgﬁzrﬁgkec&hﬁg PScBQ?EEERgl mb8 LhEoEUPQEﬁgh 11)8{;

phosphor paste applie from I'cator onto t e IS

provi ded. " <BRoe8nBRRALA! ol 8-RIEHUELRY 20! AMap! A d' ng to

claim 32, ereln a neans for tectlng the

barrier ri B%tgct{aﬁen gggs Qewg_egaﬂJ ﬁgaﬁsbgoréé Y& kpaces %eetw%ep%cgée

89 the su recogni zi ng recogni*zing t
between th Lrie I.bs_to be coat fromthe detected nunber of the
barrier ﬁ?ggf‘efhéléﬁacae%e b%’f%@e‘ﬁ <f‘he barrier ribs are provided. 53. An

apparatus g?{ REOQBSAQQtuspk%%”grghégigé’aaﬁfgégéngiéglay, according to
ciaim 32, wherein a reference mark detecting means for
detecting a reference mark on the substrate, and a moving
means and control means for relatively moving the paste
applicator and the barrier ribs so that the outlet holes of
the'paste applicator may be located above the spaces between
the barrier ribs to be coated with the phosphor paste are
provided.
54 . An apparatus for producing a plasma display, according to
claim 32, wherein a means for cleaning the outlet hole faces
of the paste applicator is provided.
55. An apparatus for producing a plasma display, according to
claim 32, wherein a means for removing the phosphor paste
existing in other portions than the predetermined coating

positions of the substrate is provided.

56. An apparatus for producing a plasma display
according to claim 32, comprising three coating devices
provided in series to respond to three phosphor pastes,
which are respectively equipped with a table for fixing
a substrate with barrier ribs, a paste applicator with
a plurality of outlet holes to face the barrier ribs of

—m T
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claim 32, ' nance mark detecting neans for detecting a
ref erence mﬂmmgﬂ“mﬂrate, and a noving neans and control neans for
relatively e paste applicator and the barrier ribs so that the
outlet holes of the paste applicator may be | ocated above the spaces
between the barrier ribs to be coated wigth the phosphor paste are
provided. 54. An apparatus for producing a plasma display, according to

claim 32, wherein a nmeans for cleaning the outlet hole faces of the paste

appl i cat orths PEwytoete, &5supPleppesns usof osupplgingnphasphasnepdstps$ ayo
according to claim32, wherein a neans for renoving the phosphor paste

exi sting imotpestOoappLNSatbHaN &h€ arweeiegnneanschati tiirepesitions of the
substrate is provided. 56. An apparatus for producing a plasm display

accor di Ng dn&hSiohaRLy CREPLLS! te t BéBEe CaNd i tige dpastesapphicaedri n series
to respond to three phosphor pastes, which are respectively equipped with a

table for fdxhedr@igubsthabendd-th barrier ribs, a paste applicator with a
plurality of outlet holes to face the barrier ribs of

90 the substrate, a supply nmeans for supplying phosphor pastes to
57. A method of producing a plasma display, comprising the

step of continuously applying a phosphor paste containing a
phosphor powder and an organic compound onto a substrate
from a paste applicator with a plurality of outlet holes,
the substrate having a plurality of barrier ribs where the
paste is being applied in the spaces between the barrier
ribs to form a phosphor layer, wherein the phosphor powder
used is 0.5 to 10 um in the grain size of 50 wt% of the

powder and 0.1 to 2 m?/g in specific surface area.

58. A method of producing a plasma display, comprising the

step of continuously applying a phosphor paste containing a
phosphor powder and an organic compound onto a substrate
from a paste applicator with a plurality of outlet holes,
the substrate having a plurality of barrier ribs where the
paste is being applied in the spaces between the barrier
ribs to form a phosphor layer, wherein the barrier ribs are

provided as stripes with the following dimensions:

Pitch : 100 ~ 250 um

Wwidth : 15 ~ 40 pm

Height : 60 ~ 170 pm
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t he paste applicat ving nmeans for three- dinensionally noving
t he t abl enanqmuﬁi\ﬁh!‘E“kamgator relatively each other. 57. A net hod
of producing 4] i ay, conprising the step of continuously applying
a phosphor paste contai ning a phosphor powder and an organi ¢ conpound onto
a substrate froma paste applicator with a plurality of outlet holes, the
substrate having a plurality of barrier %% bs where the paste is being
applied in the spaces between the barrier ribs to forma phosphor |ayer,
wherein the phosphor powder used is 0.5 to 10 [err]min the grain size of
50 wt % of tdte p@awertiat fbrl graodiaimey rd /il damss pHcifliay S Wdnaae siren.the 58.
A nmet hod of producing a plasma display, conprising the step of contipuously
appl yi ng a SH58Hnet FLetE NSt afNORG T2 5 0éh R r 2pdera by aRforkRinTer
conmpound ont; SUHPSH 1 r o3 Sppld C & Pl =i

outl et hol gsl?)sf}he subs?%lg?% aving a Sﬁ)ur aléltgég?eaggé??glr’ ribs é\/%h&ﬁeirn t%e
paste i s bahtpromd | pdwiert enisdoss bigheewft heedar gireernr idss bduker ma
phosphor | ayer., wherein_the barrier.ribs are _provided as.styipes,with the
Fol | owing diidiRsitondn the  sbades becweeh g5 krspedeively ) qqsacehe

W dt h bakarileat Mibd) [fon] @ paste applHRigtir with @Rt |hdids [ esdd m
91 59. A _nethod for producing a plasma display, conprising the steps of
coating a $§ESIDG et@i t ROEMpl &r ANISPRAT bdAviedr r Whsrednt hegfheeohhddpor
pastes res j yrgd;m;'i ogpho em t 4,00 hght Oof

green or b ueg,ép\é?rstri pe{?}léiqnﬁ]%h&él g%agég qb:g?\%e%gﬁﬁutl h?‘r%?%e?%‘?ge ysqazjggfent
barrier ril59, wWhrionef phet powgpki @@dor0 4 t ho 0@t Méfghdhe spemid e suripcte
form a phosphor | ayer, wherein each of the phosphor powders used is 0.5 to
10 [err]mlaﬁ e grain size of

L]

60. A method for producing a plasma display, comprising the
steps of coating a substrate with a plurality of barrier
ribs, with three phosphor pastes respectively containing a
phosphor powder emitting light of red, green or blue, as
stripes 1in the spaces between the respectively adjacent
barrier ribs, from a paste applicator with outlet holes,
and heating to form a phosphor layer, wherein the barrier:

ribs are provided as stripes with the following dimensions:

Pitch : 100 ~ 250 pum

Width : 15 ~ 40 um

Height : 60 ~ 170 um
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50 wt % of the powder and 0.1 to 2 nferr]/g in specific surface area. 60.
A net hed foor producing a plasma display, conprising the steps of coating a
substrate with a plurality of barrier ribs, with three phosphor pastes
respectively containing a phosphormg wder enitting | ight of red, green or
bl ue, as stripes in the spaces bet n the respectively adjacent barrier
ribs, froma paste applicator tlet holes, and heating to forma
phosphor | ayer, wherein the barrier r'ibs are provided as stripes with the

e L s e R
equipped with a phgsphor layer suitable as a highly precise
plasma display cén be produced continuously at a high
productivity level, an industrially advantageous method and
apparatus for produciﬁg a plasma display can be provided. The
highly precise plasma display obtained in the present
“invention can Se widely used in the display fiéld, for example,
for wall mounted television sets, informaticn.disélays, etc.

The method for producing a plasma display of the present
invention comprises the step of continuously applying a
phosphor paste containing a phosphor powder and an organic
compound onto a substrate with a piurality of barrier ribs ,
from a paste applicator with a plurality of outlet holes.
Furthermore, the present invention comprises the steps of
coating a subgtrate with a plurality of barrier ribs , with
three phosphor pastes respectively containing a phosphor
powder emitting light of red, green or blue, as stripes in the
spaces between the respectively adjacent barrier ribs on the
substrate, from a paste applicator with outlet holes, and
heating to form a phosphor layer.

Mq;eover, the apparatus for producing a plasma display of
the present invention comprises a table for fixing a substrate

with a plurality of barrier ribs , a paste applicator with a
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- plurality of outlet holes to.face.the barrier ribs of the -
substratg, a supply means for supplying & phosphor paste to
the paste applicator, and a moving means for threg-
dimensionally moving the table and the paste applicator

relatively each other.
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