- 1_- SPECI Fi CATI ON LI QUI D COATI NG NOZZLE,{ BlWﬂMﬁﬁ@i& ﬁ ZA% - %
MANUFACTURI NG. METHOD, LIQUID COATING METHOD, LI APPA S,
AND’ CATHCDE RAY TUBE 5. MANUFACTURI NG METHOD TECHNI CAL FlI ELD
The, present -invention relates to a liquid coating nozzle, nethQ&ﬁEb%
manufacturing jt, liquid coating nethod and |iquid coating apparatus for
forming athinfilmby 10 coating a liquid on an object to be coated
such as a cathode ray tube, a sem conductor substrate, a liquid crysta
substrate, and a substrate for an optical disk. The present invention also
relates to a nethod for manufacturing a cathode ray tube as an application
of the 15 above-nmentioned nozzl e Specifically, the present invention
relates to a nozzle and a color CRT (cathode ray tube) capable. of

i npl enenti ng a phosphor surface of which coating pattern has a uniform
quality at a higher level, and providing a 20 hi gh-1 um nance i mage.
BACKGROUND ART -2- For exanple, three kinds of phosphor picture

el ements for coloring in red, gr¥RECIBACADIQQ® are fornmed on a phosphor
surface of a glass panel inner surface of a

LIQUID COATING NOZZLE, LIQUID COATING NOZZLE
MANUFACTURING METHOD, LIQUID COATING METHOD,
LIQUID COATING APPARATUS, AND CATHODE RAY TUBE

5 MANUFACTURING METHOD

TECHNICAL FIELD

The present invention relates to a ligquid coating
nozzle, method for manufacturing it, liquid coating method
and liquid coating apparatus for forming a thin film by

‘10 coating a ligquid on an object tb be coated such as a
cathode ray tube, a semiconductor substrate, a liquid
crystal substrate, and a substrate for an optical disk.
The present invention also relates to a method for
manufacturing a cathode ray tube as an application of the

15 above-mentioned nozzle.

Specifically, the present invention relates to a
nozzle and a color CRT (cathode ray tube) capable, of
implementing a phosphor surface of which coating pattern
has a uniform guality at a higher level, and providing a

20 high-luminance image.

BACKGROUND ART



cat hode ray tube. These picture elenents are regularly 5 arranged in
a dot or strip manner via a photo-adsorption filmwhich is called a bl ack
matrix. In a case where such phosphor picture elenents are forned by
coallng, a liquid coating apparatus is used. The manufacture of the
phosphor surface will be 10 descri bed as foll ows. First, a

phot osensitive resin filmis formed on a gl ass panel inner surface of a

cat hode ray tube. At positions for form ng phosphor picture elenents in a
portion where the photosensitive resin filmis formed, a phosphor formng
section is manufactured through photo- 15 reactive material coating,
exposure, and devel opnent. The phot gl Lt hography technique is used for
manuf acturing the phosphor forming section. Next, a phosphor

suspensi on (hereinE?IOM/mhich is called a slurry) is coated on the panel

i nner surface. phosphor formng section of a 20 specific color
is manufactured on request through the simlar photolithography

t echni que. The regat eggmpfier, f ahriery Kimdshosghorhanrtege aficture
cathode ray tube is mainly carried out by rotary coating in which the
slurry is ceaeeendis tive parieiriwid i rordi | sgeehe ﬁaﬁeblue AF ST 7 ng

coat is described bel ow. First, a slurry in whi ghosphor IS su%pended
in a phot osénsPlth%Eh@ﬁsﬁrPﬁfsa%uPéd "i‘ngtli?ec‘spaﬁéf‘e nn’e‘? ur FEEE I aPiing® at
a | owner spe%gthsggg ggured giurry sgr%g&:l %%%n%@ the regularly

5 arranged in a dot or strip manner via a photo-adsorption
£ilm which is called a black matrix. In a case where such
pho§§Zor picture elements are formed by coating, a liquid
coéting apparatus is used.

The manufacture of the phosphor surface will be

10 described as follows. First, a photosensitive resin film
is formed on a glass panel inner surface of a cathode ray

tube. At positions for forming phosphor picture elements

in a portion where the photosensitive resin film is formed,

a phosphor forming section is manufactured through photo-

15 reactive material coating, exposure, and development. The
photolithography technique is used for manufacturing the
phosphor forming section. Next, a phosphor suspension

(hereinbelow which is called a slurry) is coated on the

panel inner surface. A phosphor forming section of &
20 specific color is manufactured on request through the
similar photolithography technique. The coating for

forming the phosphor surface of the cathode ray tube is
mainly carried out by rotary coating in which the slurry is

coated on the panel while rotating the panel.



5 _ panel inner surface due to the inclination and rotation of the panel

whil'e  the pghosphor is precipitated. It is inportant to obtain a
uniformcoating filmw thout coating nonuniformty in the phosphor coating
pr ogess. For this purpose, t here are al ready pr oposed a

met hod of 10 periodically changing the tilting angle of the panel in

synchroni zation with the rotation period of the panel (for exanple,
Japanese Unexam ned Patent Publication No. 3- 122944) and a nethod of
carrying out the regular and reverse rotations of the panel (for exanple,
Japanese 15 Unexam ned Patent Publication No. 5-101775). Next, the
panel is rotated at a higher speed tojtransfer to the a superfluous liquid
shaki ng-of f process. In order to obtain a uniformcoating film it is
inportant to set the tilting angle and the nunber of revolution of 20

t he panel at the shaking-off operation. Then, there are al ready proposed
a net hod of shaking-off the panel with the panel |ocated upward
diagonally (for exarfudy rdepairesecbhtxdsi metdbtat Pabbveat ifirsNo, a
55-57230) and a net hod of shaking-off the panel with the panel |ocated
downward  slarny dgoriiisch a (pPhespexEnpsesusrgagafedd almhg&ﬁﬁ%@%ltlve
Pat ent Publication, No. 59- 186230% In this, process, erfl uous
slurry is r(ﬁss‘ﬂ'ha?'@e@ob‘t?@gl de? oFRen@3stel 1PRRX S“trﬁélcc?oa’f?ﬁ CEpEmats 8

heated by aq_external épfraﬁgdpg%%t%rsluf¥9lls gragSally spread on the

Wer spee
5 panel inner surface due to the inclination and rotation of
the panel while the phoéphor is precipitated. It 1is

important to obtain a uniform coating film without coating
noﬁunifprmity in the phosphor coating process. For this
_ purpose, there are already proposed a method of
10 periodically changing the tilting angle of the panel in
synchronization with the rotation period of the panel (for
example, Japanese Unexamined Patent Publication No. 3-
122944) and a method of carrying out the regular and
reverse rotations of the panel (for example, Japanese

15 Unexamined Patent Publication No. 5-101775). |
Next, the panel is rotated at a higher speed to
transfer to the a superfluous liquid shaking-off process.
In order to obtain a uniform coating film, it is important
to set the tilting angle and the number of revolution of
20 the panel at the shaking-~off operation. Then, there are
already proposed a method of shaking-off the panel with the
panel located upward diagonally (for example, Japanese
Unexamined Patent Publication No. 55-57230) and a method of

shaking-off the panel with the panel located .downward



shadow mask is set and subjected to exposure to ultraviolet light. The
irradiation of the ultraviolet light allow a photo-crosslinking reaction
to progress bet ween a photosensitive resin and a photo-initiator
whi [ e an exposed 10 portion is insolubilized to water. After the
exposure, the shadow mask is renoved and a devel opnent is carried out by a
hot water shower etc. to wash out an unexposed portion with water, thereby
form ng a phosphor pattern only at a required portion. Through the above -
processes, a phosphor 15 surface of the cathode ray tube is conpleted.
On the other hand, in accordance with the change of O fice Automation

envi ronnent, requirenents of a dispLaX for cathode ray tube is variously
changed fromtechnical issues such as'naking it high fine accuracy, high 20
| um nance,. and high contrast to ideal conditions of displays.

Since it is difficult to see a screen of a cathode ray tube having a

conventional curvature due to irregular reflection of external |ight,
thereby incpeagiohaingaui newent beafpke,t heropnheger atimexatinde screean?2d
conplete flat. ™ Moreover, it is required to acconplish high - 5-

| um nance apgphiigatiesoINd Gp-atseaBo)portion in the central portion and the
peri pheral portion of the cathode ray tube- use display due to the ‘
devel opnent of the O firre AbtismatpPoecessir oentuPrRE LdU@dS t oSAREEYt hels

requirement, as inproved 5 manners, for exanple, .there isﬁPrQPofed.a
met hod i n wdiiggharged outside of the panel. Next, the coating film 1s

5 heated by an external infrared heater to dry it. Then, a
shadow mask is set and subjected to exposure to ultraviolet
light. The irradiation of the ultraviolet light allows a
phdﬁo—crosslinking reaction to progress between a
_photosensitive resin and a photo-initiator while an exposed
10 portion is insolubilized to water. After the exposure, the
shadow mask is removed and a development is carried out by
a hot water shower etc. to wash out an unexposed portion
with water, thereby forming a phosphor pattern only at a
required portion. Through the above processes, a phosphor

15 surface of the cathode ray tube is completed.
on the other hand, in accordance with the change
of Office Automation environment, requirements of a display
for cathode ray tube is variously changed from technical
issues such as making it high fine accuracy, high
20 luminance, and high contrast to ideal conditions of
displays. Since it is difficult to see a screen of a
cathode ray tube having a conventional curvature due to
irregular reflection of external light, thereby increasing
requirement to make the configuration of the screen

25 complete flat. Moreover, it is required to accomplish high



in formng the phosphor surface, a slurry is linearly coated at short tine
in & glass panel inner surface. However, the above-described nethods have
the foll ow ng issues. 10 (1) The conventional slurry coating

nmet hods require a little larger anobunt of the slurry in order to spread
the slurry on the effective surface of the panel by adjusting the
inclination and the nunber of revolutions of the panel. Therefore, an
excessive amount of the slurry causes liquid 15 spattering and

i nclusion of bubbles. There is a difference in filmthickness due to the
compul sive flow of the slurry fromthe central portion to the peripheral
portion thereof by the inclination of .the panel. (2) In a case where a
slurry is linearly coated, it is very 20 difficult to coat in a | am nar
flow on the panel a coating liquid discharging froma coating nozzle.
Therefore, for exanple, there is caused a sidew se spattering phenonenon
that the liquid is discharged in a direction perpendicular to the nozzle
sweep di r echiu@iinaifzd hata uieatesbqnitiensa®5any pate ioef tirortrd eceated 1

i nner surface. - 6 - An object of the present invention is to provide a
novel nozzl gownttiicn hasl atlsapeer ipheaxtrwl gooetishi cfathe wethogdd oray | owbag
downward the liquid in a linear or curtain shape, provi de a nmet hod

for effichest|display dumutacthe i dgvelaemensyvelf thezALLiag tMtemgpion

accuracy and ) .
environment. In order to meet the requlrement, as improved

5 manners, for example, there is proposed a method in which
in forming the phosphor surface, a slurry is linearly
coated at short time in a glass panel inner surface.

| However, the above-described methods have <the
. following issues.

10 (1) The conventional slurry coating methods require a
little larger amount of the slurry in order to spread the
slurry on the effective surface of fhe panel by adjusting
the inclination and the number of revolutions of the panel.
Therefore, an e#cessive amount of the slurry causes liquid

15 spattering and inclusion of bubbles. There is a difference
in filﬁ thickness due to the compulsive flow of the slurry
from the central portion to the'peripheral portion thereof
by the inclination of the panel.

(2) In a case where a slurry is linearly coated, it is very

20 difficult to coat in a laminar flow on the panel a coating
liquid discharging from a coating nozzle. Therefore, for
example, there is caused a sidewise spattering phenomenon
that the liquid is discharged in a direction perpendicular
to the nozzle sweep direction, so that uncoated portions

25 are left on the panel inner surface.



proyide a liquid coating nethod and apparatus for using the novel nozzle.
Anot'her object of the present invention is to provide a cathode ray tube
manuf act uri ng nmet hod capabl e of 10 forming a filmof a uniform

t hi ekness at

| ow cost in a short time while suppressing the consunption of

the necessary liquid. Another object of the present invention is to provide
a liquid coating nozzle and a cathode ray tube 15 manuf act uri ng met hod
in which, by using the coating nozzle for linearly flow ng dowmmward a
liquid and optim zing the coating schedul e of phosphor surface formation
(phosphor screen process), a phosphor surface of which coating pattern has
a uniformaquality can be inplenented gt_a 20 hi gher |evel, and a

hi gh-1 um nance cat hode ray tube can be supplied. DI SCLOSURE OF | NVENTION In
order to acconplish the above object, the present invention is constructed

as foll ows.

-7- According to a first aspect of the present invention,

there is provided a |iquid coating nozzle for coating liquid on an object

to be coat ed,

conpri sAng:otg ddr sé £ btihe k pwkiselmthaisheant ower iki duoi bresiBiesi ng

5 section that extends in its |ongitudinal direction and an inner

di scharge s8ectivml hozFde Whichhdas | angiurel ¥y characteristic as a

nozzle for flowing downward the 1ligquid in a linear or

curtain shape, provide a method for efficiently

manufacturing the novel nozzle with high accuracy and
provide a liquid coating method and apparatus for using the
novel nozzle.

Another object of the present invention is to

. provide a cathode ray tube manufacturing method capable of

10

15

20

forming a film of a uniform thickness at low cost in a
short +time while suppressing the COnsumption of the
necessary liguid.

Another object of the present invention is to
provide a liquid coating nozzle and a cathode ray tube
manufacturing method in which, by using the coating nozzle
for linearly flowing downward a liguid and optimizing the
coating schedule of phosphor surface formation (phosphor
screen process), a phosphor surface of which coating
pattern has a uniform gquality can be implemented at a

higher level, and a high-luminance cathode ray tube can be

supplied.

DISCLOSURE OF INVENTION

In order to accomplish the above object, the

present invention is constructed as follows.



direction at a bottomportion of the liquid reserving section, the inner
di stharge section being conprised of a plurality of small holes or a slit;
and 10 a second bl ock which has an inner space defining a
gas«reserving section that extends in the |ongitudinal direction outside
the first block and an outer discharge section forned in the |ongitudinal
direction at a bottom portion of the inner space, the outer discharge
section 15 bei ng conprised of a plurality of small holes or a slit and
formng a gas flow that externally surrounds a |linear or curtain-shaped
liquid flow that flows downward fromthe inner discharge section. According
to a second aspect of the present 20 5 _ invention, there is provided a
liquid coating nozzle as defined in the first aspect, wherein the first

bl ock and the second bl ock are each conprised of bisected bodies divided
by a vertical pl ane that expands in the longitudinal direction

t hrough a w dt hwi se center of the 25 i nner di scharge section. - 8-
According to a third asgerfioh t e presdhitrsthveasPet takreths pPFESESt a
| i quid coating nozzle as defined in the first_ or second aspect, wherein a
shape of eadhventima,snEherdofes REAEEIeUL PnghEHI of OBRéNBner23le for

di scharge secti i i )
ge Sectign P1da1s QU 8 32N 98 BCUARLS, WSS Nexagon

a first block which has an inner liquid reserving
5 séction that extends in its longitudinal direction and an
inner discharge section formed 1in the longitudinal
direction at a bottom portion of the 1ligquid reserving
seation, the inner discharge section being comprised of a

_plurality of small holes or a slit; and
10 a second block which has an inner space defining
a gas reserving section that extends in the longitudinal
direction outside the first block and an outer discharge
section formed in the longitudinal direction at a_ bottom
portion of the inner space, the outer discharge section
15 being comprised of a plurality of small holes or a slit and
forming a gas flow that externally surrounds a linear or
curtain-shaped 1liquid flow that flows downward £from the

inner discharge section.

According to a second aspect of the present
20 invention, there is provided a 1liquid coating nozzle as
defined in the first aspect, wherein the first block and
the second block are each comprised of .bisected bodies
divided by a vertical plane that - expands in the
longitudinal direction through a widthwise center of the

25 inner discharge section.



According to a fourth aspect of the present invention, there is provided a
li qui d coating nozzle as defined in any of the first through third aspects,
wherein 10 the liquid reserving section has an inclined surface at a
botf om of which the inner discharge section is positioned. According to a
fifth aspect of the present invention, there is provided a |liquid coating
nozzl e as defined in any of the first through fourth aspects, wherein 15
the gas reserving section has a sectional shape which is nade as | arge as -
possible so long as a required strength is maintained. According to a sixth
aspect of the present invention, there is provided a |liquid coating nozzle
20 manuf acturing nmethod for manufgcturing a nozzle for coating liquid
on an object to be coated, conprising: a first block which has an inner
liquid reserving section that extends in its longitudinal direction and an
i nner discharge section fornmed in the longitudinal direction at a bottom
portion of 25 the liquid reserving section, the inner discharge section
-9- Dbeing conprised ohceaoplingl i tty ofa srettirdiol @sperta  SFi t thegnd RF &f&Hhd
bl ock which has an inner space defining a gas reserving _.section _that
extends iinvéeheion|,onghexei ris Erp%g?én dutldiayd ¢ heCpidg pNeEkl&ndSin
outer discharge 5 = section forned in the Iongi%udi al_direction at a

bot t om por t f8AiBrdt He | Haer Tdpgte O% RETMLr 2§PECar g8 Tttt off S7ePe ©

each of the small holes constituting each of the inner
5 | discharge section and the outer discharge section 1is an
elongated hexagon.
According to a fourth aspect of the present
inféntion, there is provided a 1liquid coating nozzle as
~defined in any of the first through third aspects, wherein
10 the 1liquid resérving section has an inclined surface at a
bottom of which the inner discharge section is positioneq.
According to a fifth aspect of the present
invention, there is provided a 1liquid coating nozzle as
defined in any of the first through fourth aspects, wherein
15 the gas reserving section has a sectional shape which is
made as large as possible so long as a required strength is
maintained.
According to a sixth aspect of the present
invention, there is provided a 1liquid coating nozzle
20 manufacturing method for manufacturing a nozzle for coating
liquid on an object to be coated, comprising: a first block
which has an inner liquid reserving section that extends in
its longitudinal direction and an inner discharge section
formed in the longitudinal direction at a bottom portion of

25 the liquid reserving section, the inner discharge section



being conprised of a plurality of small holes or a slit and formng a gas
flow that externally surrounds a |inear or curtain- shaped |iquid flow that
fl ows downward fromthe 10 i nner discharge section, in which the first
bl ock and the second bl ock are each conprised of bisected bodi es di vided by
a vertical plane that expands in the longitudinal direction through a

w dt hwi se center of the inner discharge section and the inner discharge
section and/or the outer 15 di scharge section is conprised of a :
plurality of small holes, the nmethod conprising: positioning two bisected
bodi es whi ch have been preparatorily processed with a groove-shaped space

t hat 20 serves as the liquid_ gegerving section and/or the gas
reserving section so that an opening plane of the groove- shaped space
defines an identical plane; and thereafter, concurrently cutting snal
grooves for constituting the small holes of both the bisected 25

bodi es, whereby processing of the small holes is perforned. - 10 -

Accor di Ng t @ed nYeVeHhbr BSHECHrOfa t PRupakient dfnvemdl1bnhotlleer eor s apravited a

|l iquid coating nethod for coating liquid on an object to be coated by a
liquid coatiang rozgéeondobpocki Rgich has an inner spa¢agdehdndewy|ae RS
defined in any of the first through fifth aspects, for naqup thetgg£§£1
di scharge reserving section that extends in t ongi
direction outside the first block and an outer discharge
5 section formed in the.longitudinal direction at a bottom
portion. of the inner space, the outer discharge section
being comprised of a plurality of small holes or a slit and
_fofﬁing a gas flow that externally surrounds a linear or
~ curtain-shaped ligquid flow that flows downward from the
10 inner discharge section, in which the first block and the
second block are each comprised of bisected bodies divided
by a vertical 'plane that expands in the longitudinal
direction through a widthwise center of the inner discharge
section and the inner discharge section and/or the outer
15 discharge section is comprised of a plurality of small
holes,
the method comprising:
positioning two bisected bodies which have been
preparatorily processed with a groove-shaped space that
20 serves as the 1liquid reserving section and/or the gas
reserving section so that an opening plane of the groove-
shaped space defines an identical plane; and
thereafter, concurrently cutting small grooves

for constituting the small holes of both the bisected

25 bodies, whereby processing of the small holes is performed.



section face the object to be coated and then discharging the liquid flow
inalinear or curtain-like shape while discharging the gas flow toward the
object to be coated 10 t hrough the outer discharge section; and novi ng
t he.obj ect to be coated and the nozzle relatively to each other in a

direction which intersects the |longitudinal direction while discharging the
|l iquid. According to an eighth aspect of the present 15 i nventi on,
there is provided a liquid coating nmethod for coating |iquid on an object -
to be coated by a liquid coating nozzle as defined in the seventh aspect,
further conprising: discharging a superfluous liquid fromthe object 20
to be coated while tilting and rotatipg the object to be coated after the
object to be coated and the nozzle are relatively noved to each other; and
thereafter, drying the liquid coated on the object to be coated. - 11 -
According to a ninth aspect of the present invention, there is provided a
| i quid coating apparatus for coating liquid on an object to be coated,
conprising: the nozzl eancledrtdiatly i ccany okethathi raspebtougfi Sthe présant
aspects; and a rel ative nmovenent device for noving at |east one of the
nozzl e and timvesitiiean, t Ghbgecos edrovadefiagesliquid coating method for
coating ligquid on an object to be coated by a 1liquid
coating nozzle, comprising:

5 using the nozzle as defined in any of the first
through fifth aspects, for making the outer discharge
section face the object to be coated and then discharging
the ligquid flow in a linear or curtain-like shape while

~discharging the gas flow toward the object to be coated
10 through the outer discharge section; and
moving the object to be coated and the nozzle
relativély to each other in a direction which intersects
the longitudinal direction while discharging the liquid.
According to an eighth aspect of the present
15 invention, there is provided a 1liquid coating method for
coating - liquid on an object to be coated by a liquid
coating nozzle as defined in the seventh aspect, further
comprising:
discharging a superfluous liquid from the object

20 to be coated while tilting and rotating the object to be
coated after the object to be coated and the nozzle are
relatively moved to each other; and

thereafter, drying the 1ligquid coated on the

object to be coated.



the nozzle in a direction which intersects the longitudinal direction. 10
According to a 10th aspect of the present invention, there is
provided a liquid coating apparatus as defined in the ninth aspect, further
conprising: a liquid circulating passage for supplying in a circul ating
manner the liquid to the liquid reserving 15 section; and an opening
and cl osi ng nenber for opening and closing the liquid circul ati ng passage.
According to an 11th aspect of the present invention, there is provided a-
liquid coating apparatus as 20 defined in the ninth or tenth aspect,
further conprising: a rotating nmechanismand a tilting nmechanismfor

di schargi ng a superfluous liquid frogthe object to be coated while tilting
and rotating the object to be coated after the object to be coated and the
nozzle are relatively 25 noved to each other by the relative novenent
devi ce; and -12- a drying device for drying the liquid coated on the
object to be coated. According to a 12th aspect of the present invention,
there is provided a |hgapddsngti bg nezzidnth 5aspeGihi cf a pRar aPrepest

di scharge hol es are arranged |inearly, and mhen%%he discharge hol e has a
length D i ntRVeRE:PR/ shBEpedilFePEPYHETd 3 1iAY RAWNY SBRRFBRYPndPde

the coating liquid on an object to be coated, comprising:
the nozzle defined in any of the first through
5 fifth aspects; and

a relative movement device for moving at least
one of the nozzle and the object to be coated that faces
the nozzle in a direction which intersects the longitudinal

~direction.

10 According to a 10th aspect of the present
invention, there is provided a liquid coating apparatus as
defined in the ninth aspect, further comprising:

a liquid circulating passage for supplying in a
circulating manner the liquid to the 1liguid reserving

15 section; and

an opening and closing member for opening and
closing the liquid circulating passage.

According to an 11th aspect of the present
invention, there is provided a liquid coating apparatus as

20 defined in the ninth or tenth aspect, further comprising:

a rotating mechanism and a tilting mechanism for
discharging a superfluous 1liquid from the object to be
coated while tilting and rotating the object to be coated
after the object to be coated and the nozzle are relatively

25 moved to each other by the relative movement device; and



nozzle has a length L, a relation of 1 < L/D[err] 10 is held. According to
a 13th aspect of the present 10 invention, there is provided a“
liquid coating nozzle as defined in the 12th aspect, wherein the length D
of .t he di scharge hole in the nozzle sweep direction is larger than the

|l ength d thereof in the direction perpendicular to the nozzle sweep
direction. 15 According to a 14th aspect of the
present invention, there is provided a liquid coating nozzle as defined in
the 12th or 13th aspect, wherein when the discharge hole has the
length D in the nozzle sweep direction and the liquid guiding section
i nside the nozzle 20 has the lengbh_L, a relation of 3 [err] L/D [err]
8 is held. According to a 15th aspect of the present invention, t here

IS provi ded a cathode ray t ube manufacturing nethod for coating
coating materials for phosphor screen process on a glass panel by using a
liquid 25 coating nozzle in which a plurality of discharge holes are

- 13 - arranged |ineaa!| drywhgn Qdwlak sEhar geyvioide e diguadt rdated aon
nozzl e sweep direction and a |iquid guiding section inside the nozzle has a
length L, &heleRift ofo 1P ¢paF¢érr] 10 is held, 5 t he nmet hod

conprising: sweeping the coating nozzle either in a _directiqn of a shorter
side or in a directi ACBPTIMYngtP sidde bR hedSPECE ot 'the ” present

invention, there is provided a liquia coating nozzle in

5 which a plurality of discharge holes are arranged linearly,
and when the discharge hole has a 1length D in a nozzle
sweep direction and a liguid guiding section inside the
noz%le has a length L, a relation of 1 < L/D < 10 is held.

According to a 13th aspect of the present

10 invention, there 1is provided a 1liquid coating nozzle as
defined in the 12th aspect, wherein the length D of the
discharge hole in the nozzlehsweep direction is larger than
the length d thereof in the direction perpendicular to the
nozzle sweep direction.

15 According to a 14th aspect of +the present
invention, there is provided a 1liquid coating nozzle as
defined in the 12th or 13th aspect, wherein when the
discharge hole has the 1length D in the nozzle sweep
direction and the liquid guiding section inside the nozzle

20 has the length L, a relation of 3 < L/D < 8 is held.

According to a 15th aspect of the present
invention, there is provided a cathode ray tube
manufacturing method for coating coating materials for
phosphor screen process on a glass panel by using a liquid

25 coating nozzle in which a plurality of discharge holes are



gl ass panel; and thereby linearly coating the coating materials 10 for
phosphor screen process on a phosphor screen-form ng area of the glass
panel . According to a 16th aspect of the present invention, t here is
provi ded a cathode ray t ube manufacturing nethod as defined in the
15t h aspect, wherein 15 a front surface of the glass panel

IS arranged substantially parallel to a horizontal axis in coating the

|l iquid. According to a 17th aspect of the present invention, t here is -
provi ded a cathode ray tube 20 manuf act uri ng nmet hod as defined
in the 15th or 16th aspect, in addition to the coating, further conprising:
spreadi ng the coating nmaterials for- plsosphor screen process on an entire
surface of the screen area of the glass panel while naking the gl ass panel
have a gl ass 25 panel rotating speed of 30 to 60 rpmafter the coating;
- 14 - thereafter, discharging a superfluous coating materials for phosphor
screen process while setting the glass panel rotating speed at 50 to 150
rpm and setainangeg| ddnesaid, tvhen ahfre digrge J5ote Ras fegleBgth D

relative to 5 the_horizontal  axis; and thereafter, dryi a phosphor
film formediBy & MBOBBAR YRR HESRFIRNsEPE Ry L83 as ‘chgﬂ%‘? Fﬁcgﬁ%ﬁ{b
speed

inside the nozzle has a length L, a relation of 1 < L/D <
10 is held,
5 | the method comprising:
sweeping the coating nozzle either in a direction
of a shorter side or in a direction of a longer side of the
gléés panel; and
thereby linearly coating the coating materials
10 for phosphor screen process on a phosphor screen-forming
area of the glass panel.
According to a 16th aspect of the present
invention, there is provided a cathode ray tube
manufacturing method as defined in the 15th aspect, wherein

15 a front surface of the glass panel is arranged

substantially parallel to a horizontal axis in coating the

liquid.
According to a 17th aspect of the present
invention, there is  provided a cathode ray tube
20 manufacturing method as defined in the 15th or 16th aspect,

in addition to the coating, further comprising:

spreading the coating materials for phosphor
screen process on an entire surface of the screen area of
the glass panel while making the glass panel have a glass

25 panel rotating speed of 30 to 60 rpm after the coating;



at 10 to 150 rpm According to an 18th aspect of the present 10

i nventi on, t here is provided a cat hode ray t ube manufacturing
nmet hod as defined in any one of the 15th through 17th aspects, wherein the
scrgen area of the glass panel has a conpletely flat shape. According to
a 19th aspect of the present 15 i nvention, t here is provided
a cat hode ray t ube manufacturing nmethod as defined in any one of the
15t h through 18th aspects, wherein such a nozzle is used that the length D
of the discharge hole in the nozzle sweep direction is larger than the

|l ength d thereof in the 20 direction perpendicular to the nozzle sweep
direction. According to a 20th aspect;pf-the present invention, t here

is provi ded a cathode ray t ube manufacturing nethod as defined in
any one of the 15th through 19th aspects, wherein such a nozzle is used

t hat 25 when the discharge hole has the length Din the nozzle - 15
- sweep direction and the liquid guiding section inside the nozzle has the

length L, a relation dfhexdaittdr L/ Biisehar@ing hal d.SUBRER YORSCRI £13 ©NOF
THE DRAW NGS These and ot her aspects and features of the 5 Enesent
i nventi on weltler isdeonEorc| BRPSPRPBM SFFREN f RUWFTRY &S pERERINFakER® in

S ey nglass panc1 POELELRGT ST JENES LePrrRd YhhN LY USRS Oat N
glass panel tilt angle # at 95 to 115 degrees relative to
5 | the horizontal axis; and
thereafter, drying a phosphor film formed by the
coating liquid while setting the glass panel rotating speed
at‘io to 150 rpm.
According to an 18th aspect of the present
10 invention, there is provided a cathode ray tube
manufacturing method as defined in any one of the 15th
through 17th aspects, wherein the screen area of the glass
panel has a completely flat shape.
According to a 19th aspect of the present
15 invention, there is provided a cathode ray  tube -
manufacturing method as defined in any one of the 15th
through 18th aspects, wherein such a nozzle is wused that
the length D of the discharge hole in the nozzle sweep
direction is 1larger than the length d thereof in the
20 direction perpendicular to the nozzle sweep direction.
According to a 20th aspect of the present
invention, there is provided a cathode ray tube
manufacturing method as defined in any one of the 15th
through 19th aspects, wherein such a nozzle is used that

25 when the discharge hole has the length D in the nozzle



draw ngs, in which: Fig. 1 is a perspective view showng the 10

construction of a liquid coating nozzle of a first enbodi nent of
the present invention; Fig. 2 is a sectional view of the nozzle of the
first enbodinent; Fig. 3 is an enlarged transverse sectional view 15 of

a part of the nozzle of the first enbodinent; Fig. 4 is an enlarged

| ongi tudi nal sectional view of a part of the nozzle of the first

enbodiment; Fig. 5 is a bottomview of the nozzle of the first enbodinent;
20 Fig. 6 is a perspective view showi ng a stage in which a
first block of the nozzle of the first enbodi nent is manufactured, - 16
- Fig. 7 is a perspective view show ng & stage in which a second bl ock of
the nozzle of the first enbodinent is manufactured; Fig. 8 is a perspective
view of a disassenbled 5 portion of the first enbodinent; Fig. 9 is a
perspective view of a disassenbled portion of the first enbodi nent; Fig. 10
is a perspective view of the nozzle of the first enbodinment with a part
renoved andWeeRis@izes§ipn Bnd therddgudectgphding section inside the

,nozzle has the length L, a relation of 3 < L/D < 8 is held.

BRIEF DESCRIPTION OF THE DRAWINGS
| These and other aspects and features of the
5 present invention will become clear from <the following
description +taken in conjunction with the preferred
embédiments thereof with reference to the accompanying
~drawings, in which:
Fig. 1 1is a perspective view showing the
10 construction of a 1liquid coating nozzle of a first
embodiment of the present invention;
Fig. 2 is a sectional view of the nozzle of the
first embodiment;
Fig. 3 is an enlarged transverse sectional view
15 of a part of the nozzle of the first embodiment;
Fig. 4 is an enlarged longitudinal sectional view
of a part of the nozzle of the first embodiment;
Fig. 5 is a bottom view of the nozzle of the
first embodiment;
20 Fig. 6 1is a perspective view showing a stage in
which a first block of the nozzle of the first embodiment

is manufactured;



Fig. 11 is a bottomview of a nozzle of a second enbodi nent of the present
invention; Fig. 12 is an enlarged sectional view of a portion X - X of the
second enbodi nent; 15 Fig. 13 is a perspective Vview
showi ng the construction of a liquid coating apparatus of a third
enbodi nrent of the present invention; Fig. 14 is a side view of the third
enbodi nent with a part illustrated in cross section; 20 Fig.
15 is a sectional view of a nozzle of an el eventh enbodinent; Fig. 16 is a
sectional view of a nozzle of a nodification of the el eventh enbodi nent;
Fig. 17 is a bottomview of the small holes of 25 t he nozzl e according
to nodifications; - 17 - Fig. 18 ipggan explanatory view show ng a
condition of a glass panel when coating is carried out by the nozzle of the
enbodi nent of the present invention; Fig. 19 is an explanatory view show ng
ab condition of a glass panel when superfluous liquid
di scharging and dry operations are carried out in the enbodi rent of the
present invention; Fi gig20 7sia schewedpecvies Yhew rapewing t _RnFhashahhsm
and a rotating nmechani smof the glass panel; 10 . Fig.. 21 is
a flow chamhiadf zose¢cogd bpbokphsr the nozzle of the first embodiment
is manufactured;
Fig. 8 is a perspective view of a disassembled
5 portion of the first embodiment;
Fig. 9 is a perspective view of a disassembled

portion of the first embodiment;
' Fig. 10 is a perspective view of the nozzle of
_the first embodiment with a part removed and illustrated in

10 cross section;

Fig. 11 is a bottom view of a nozzle of a second
embodiment of the present invention;

Fig. 12 is an enlarged sectional view of a
portion X - X of the second embodiment;

15 Fig. 13 1is a perspective view showing the
construction of a 1liguid coating apparatus of a third
embodiment of the present invention;

Fig. 14 is a side view of the third embodiment
with a part illustrated in cross section;

20 Fig. 15 is a sectional view of a nozzle of an
eleventh embodiment;

Fig. 16 is a sectional view of a nozzle of a
modification of the eleventh embodiment;

Fig. 17 is a bottom view of the small holes of

25 the nozzle according to modifications;



spr eadi ng, super fl uous l'iquid di schar gi ng, and dry processes by
means of the nozzle of the enbodi ment of the present invention; Figs. 22A
22B, and 22C are a front view, a 15 bottomview, and a side view of
the. coating nozzle of thirteenth enbodi nent of the present invention;
Fig. 23 is a schematic view showi ng an enbodi nent of a slurry coating

nmet hod of a fourteenth enbodi nent of the present invention; 20

Fig. 24 is a view show ng an exanple of a coating pattern of a slurry of a
conparati ve exanple; Figs. 25A, 25B, and 25C are a front view, a bottom
view, and a side view of a conventional coating nozzle; and - 18 - Fig.
26 is a view showi ng an exanple of a gpating pattern of a slurry of a
conparati ve exanple. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Before the
description of the present invention- 5 proceeds, it is to be noted
that |ike parts are designated by I|ike reference numerals throughout
the acconpanying drawi ngs. First, enbodi nents of the present invention

wi Il be described schéiiical$y. ig0 an explanatorkecotifithg SPEYIRY |iduid

in nozzl f n i men f r nt .i nvention id |n
fﬁgtligUIdOcoﬂ%léionE%fenbo a@%tpé%el whgne%%a ing %é’é%rrled %y

the nozzle of the embodiment of the present invention;
Fig. 19 is an explanatory view showing a
5 condition of a glass panel when superfluous liquid
dischargin§ and dry operations are carried out in the
embodiment of the present invention;

Fig. 20 1is a schematic view showing a tilting

~mechanism and a rotating mechanism of the glass panel;.

10 Fig. 21 1is a flow chart of coating, phosphor
spreading, superfluous liguid discharging, and dry
processes by means of the nozzle of the embodiment of the
present invention;

Figs. 22A, 22B, and 22C are a front view, a

15 bottom view, and a side view of the coating nozzle of
thirteenth embodiment of the present invention;

Fig. 23 is a schematic view showing an embodiment
of a slurry coating method of a fourteenth embodiment of
the present invention;

20 Fig. 24 is a view showing an example of a coating
pattern of a slurry of a comparative example;

Figs. 25A, 25B, and 25C are a front view, a
bottom view, and a side view of a conventional coating

nozzle; and



reserving section is discharged fromthe inner discharge section, and a gas
in the gas reserving section is discharged fromthe outer discharge
section, thereby 15 formng a gas flow that externally surrounds a

| i near or curtain-shaped liquid flow that flows dowward fromthe inner

di scharge section. Therefore, the liquid flow flows straightly downward
without deviating in the noving direction of the nozzle to reach the
surface of the object 20 to be coated wthout nonuniformty.

When the inner discharge section and the outer discharge section are
conprised of small holes, a gas flow that cylindrically surrounds the
linear liquid flowis fornmed, and thergfere, the liquid flow easily flows
straightly downward w t hout - 19 - deviating neither in the noving
direction nor the lateral direction of the nozzle. According to a liquid
coating nozzle of another enbodi nent of the present invention, the shape of

each of 5 the small, holes constituting the i nner dischar secti on and
the outer discharge sédord stard eYb%‘@a?gﬂwﬁaﬁaGBn?X?ﬁ‘éﬁ@f é%g,a eGRATHNIt he

liquid flow and the gas flow flows downward .as ' flow, so that they
hardly devi Bﬁg%ﬁr&bv%;sé SEPErY of a COmp‘-:”:"”Acc'\é)é?dél*Inégnqi> oga liquid coating -
nozzl e of another enbodi nent of the present invention, the liquid reserving

section has inclined surfaces at the bottom of which the
BEST MODE FOR CARRYING OUT THE INVENTION

Before the description of the present invention-
5 proceeds, it is to be noted that like parts are designated
by 1like reference numerals throughout the accompanying
dréWings.
First, embodiments of the present invention will
be described schematically.

10 According to a - liquid coating nozzle of an
embodiment of the present invention, a liquid in the liguid
reserving section is discharged from the inner discharge
section, and a gas in the gas reserving section is
discharged from the outer discharge section, thereby

15 forming a gas flow that externally surrounds a linear or
curtain-shaped 1liguid flow that flows downward from the
inner discharge section. Therefore, the ligquid flow flows
straightly downward without deviating in the moving
direction of the nozzle to reach the surface of the object

20 to be coated without nonuniformity. When the inner
discharge section and the outer discharge section are
comprised of small holes, a gas flow that cylindrically
surrounds the linear liquid flow is formed, and therefore,

the 1liquid flow easily flows straightly downward without



i nner discharge section is positioned. Therefore, in the liquid
reserving section, the liquid falls sliding along 15 its inclined
surfaces and is discharged fromthe inner discharge section.
Therefore, even when the |liquid is containing particles of a pignment or
the like, precipitated particles fall along the inclined surfaces and do
not stay in the liquid reserving section. 20 - According to a
|l iquid coating nozzle of another enbodi nent of the present invention, the
sectional shape of the gas reserving section is made as | arge as possible

so long as a required strength i s maintained. Therefore, the strength of
the first block is assured and the gaL pressure 25 difference in the
| i quid reserving section between the one - 20 - side and the other side

in the longitudinal direction is reduced, so that the discharge of the gas
fromthe outer discharge section is stabilized. Aliquid coating nozzle

manuf acturing method of 5 anot her enbodi ment of .t he present. iny ion,
i s the nmet h@EVEaELIRENUTSSRAYT nit ﬁé’%d&%‘f’é‘%ﬁ%ﬁ&cgﬁrﬁ’&irﬁ%t gﬁemlenartgﬁgf he
first block_and the se on% bl%%k are each conprised of the bisected bodies
di vi ded by SHRESFEMPRCE® PPEn& @ ar "expands in the | ongitudinal direction

through the wdthw se Q. -qi RENEET a Of i qdfie cBQﬁQﬁg_ Hes£mes 98t S&i‘étt@é’h
and the inner discharge sect’ion and/or the outer discharge sectionis
conpri sed ofpRcayumeer abr SEBEl phalsent Wierehyidt PCensi fhaye of each of
5 the small holes constituting the inner discharge section
and the outer discharge section is an elongatea. hexagon.
Therefore, each of the liquid flow and the gas flow flows
downward as a turning flow, so that they hardly deviate

_sideways.

10 ' According to a liquid coating nozzle of another
embodiment of the present invention, the liguid reserving
section has inclined surfaces at the bottom of which the
inner discharge section is positioned. Therefore,_in the
liquid reserving section, the 1liguid falls sliding along

15 its inclined surfaces and is discharged from the inner
discharge section. Therefore, even when the liquid 1is
containing particles of a pigment or the like, precipitated
particles fall along the inclined surfaces and do not stay
in the liguid reserving section.

20 According to a liquid coating nozzle of another
embodiment of the present invention, the sectional shape of
the gas reserving section is made as large as possible so
long as a required strength is maintained. Therefore, the
strength of the first block is assured and the gas pressure

25 difference in the liquid reserving section between the one



theﬁsnall holes is performed by positioning two bisected bodi es which have
been preparatorily processed with the 15 gr oove- shaped space that
serves as the liquid reserving section and/or the gas reserving section so
that the opening plane of the groove-shaped space defines an identical

pl ane and concurrently cutting the small grooves for constituting the snmall
hol es of both the bisected 20 bodi es. Therefore, when the two

bi sected bodies are coupled with each other to formthe first block and .
t he second bl ock, the small grooves of the bisected bodies fit tightly to
each other, thereby formng the small holes. According to the liquid
coating nethod and the 25 i quid £wati ng apparatus of an enbodi nent of
t he present - 21 - invention, the outer discharge section of the nozzle
of the enbodinents is made to face the object to be coated and at | east one
of the object to be coated and the nozzle is made to nove relatively to
each other in the direction that 5 _intersects the |ongitudinal .
dihrecti on wisédet hendli hied dthey | sidpsdiar g iYPnE iGuedid or EEREALAN | k&
shape whil e discharging the gas flow toward the object to.be coated through
the outer TIERERgeSOs&RBForERE dlS‘:h‘?ﬂig?ef’odc're‘,"hJa 6 Sadf 2T i g‘et h%u%%u%t

of discharggyof the liquid, a.uniform.,10 thin coating fil m having

reduced coatiFFHHMITEHYY Caf BEF ™Y in a short tine while

suppressing the Consqutigaugé Ehﬁﬂfﬁgngozzle manufacturing method of

5 another embodiment of the present invention, is the method
for manufacturing the nozzle of the embodiments, wherein
the first block and the second block are each comprised of
the bisected bodies divided by the vertical plane that

~expands in the longitudinal direction through the widthwise

10 center of the inner discharge section, and the inner
discharge section and/or the outer discharge section 1is
comprised of a number of small holes, whereby processing of

the small holes is pérformed by positioning two pisected

bodies which have been preparatorily processed with the

15 groove-shaped space that serves as the liguid reserving
section and/or the gas reserving section so that the
opening plane of the groove-shaped space defines an
identical plane and concurrently cutting the small grooves

for constituting the small holes of both the bisected

20 bodies. Therefore, when the two bisected bodies are
coupled with each other to form the first block and the
second block, the small grooves of the bisected bodies fit
tightly to each other, thereby forming the small holes.

According to the 1ligquid coating method and the

25 ligquid coating apparatus of an embodiment of the present



According to the liquid coating nethod and the liquid coating apparatus of
an enbodi nent of the present 15 i nvention, the discharge section
the nozzle of the enbodinents is nmade to face the object to be coated
and- at | east one of the object to be coated and the nozzle is noved

to each other in the direction that intersects the |ongitudinal
direction when the liquid flow 20 is discharged in a |inear or
curtain-like shape toward the object to be coated through the
section. Therefore, by adjusting the anobunt of discharge of t he
liquid, a uniformthin coating film having reduced coating nonuniformty

relatively

di schar ge

can be fornmed in a short tine while 35 -

suppressing the consunption of

of

the liquid. - 22 - The liquid coating apparatus of an enbodi ment of the
present invention is provided wth the liquid circul ati ng passage
for supplying in a circulating manner the liquid to the liquid reserving

section as

well as the 5 openi ng and cl osi ng nenber for opening and

cl osing tHavenftioncitieal autry gasshgoge s@atiorhiof Hre argereat of the
circulation of the liquid can be effected or stopped. Therefore, the

circul ati ofBOGIENTYULE BAASHESGSHR I PBJFH thBﬂed G@atRA ngnd at

di schar ged
the circu
the liquid

5

h b | 1 bi | d
Lo 2nf ofhERf BIPE EatoolRerran gy Y 19 i arbeniFaragSor
lig Saaped Attt SBLyPTESe N0 LR efhp'ér?é' AUl that

intersects the longitudinal direction when the ligquid flow
is discharged in a linear or curtain-like shape while
discharging the gas flow toward the object to be coated

thraugh' the outer discharge section. Therefore, by

~adjusting the amount of discharge of the liguid, a uniform

10

15

20

25

thin coating film having reduced coating nonuniformity can
be formed in a short time while suppressing the consumption
of the liquid.

According to the liquid coating method and the
ligquid coating apparatus of an embodiment of the present
invention, the discharge section of the nozzle of the
embodiments is made to face the object to be coated and at
least one _of the object to be coated and the nozzle is
moved relatively to each other in the direction that
intersects the longitudinal direction when the liquid flow
is discharged in a linear or curtain-like shape toward the
object to be coated through the discharge section.
Therefore, by adjusting the amount of discharge of the
ligquid, a uniform thin coating film having reduced coating
nonuniformity can be formed in a short time while

suppressing the consumption of the liquid.



particles. Hereinbelow, the above enbodi nents are explai ned 15 in
detail with reference to the drawings. (First Enbodinent) Fig. 1is a
perspective view showing a part of a liquid coating nozzle according to a
first enbodi ment of the present invention, while Fig. 2 is a sectional view
of 20 it. In Fig. 1, a liquid coating nozzle 4 is provided with a first
bl ock 41 and a second block 42. The first block 41 is an el ongated thing
.having an approximtely T-1ike sectional shape (Fig. 2), where its 25

| ongitudinal end is tapered, and it is internally provided - 23 - with a
liquid reserving section 43 that extends in the | engthw se direction. The
liquid reserving section 43 is fornega rto a large tunnel that extends in
the Il engthwi se direction of a nozzle 4. At a bottom portion (at a
5 ‘I ongi tudinal end portion of the letter T) of the liquid reserving
section 43 is fornmed an inner discharge section conprised of a nunber of
smal|l holes 44 in the | engthwi se direction of the first bIocF él as shqyn
al'so in Figs. 4 and 5Thep liquid coating gRBaF@fHeh 5 Fhe*TPREBFthe

P TOLeS 84, can. e, Tade SVLLSLent!vel Ohgele gD < hs chonsLiu el
circulating passage for supplying in a circulating manner
the 1liquid to the liquid reserving section as well as the

5 opening and closing member for opening and closing the
liguid circulating passage. With this arrangement, the
circulation of the 1ligquid can be effected or stopped.
The}efore, the circulation of the 1ligquid can be stopped

~while the ligquid is being discharged thereby allowing the

10 pressure to be stabilized, and the circulation of the

liquid can be effected while the discharging of the liquid

is stopped thereby preventing the precipitation of the
particles.

Hereinbelow, the above embodiments are explained

15 in detail with reference to the drawings.
(First Embodiment)

Fig. 1 is a perspective view showing a part of a
liguid coating nozzle according to a first embodiment of
the present invention, while Fig. 2 is a sectional view of

20 it.

In Fig. 1, a liguid coating nozzle 4 is provided
with a first block 41 and a second block 42.

The first block 41 is an elongated thing having
an approximately T-like sectional shape (Fig. 2), where its

25 longitudinal end is tapered, and it is internally provided



the,_ maxi mum si ze of the object to be coated, the Iength being able to be,
for exanpl e, 600 mmor 1000 mm 15 The second block 42 is an
el ongated thing having an approxi mately U-li ke sectional shape (Fig. 2),
and.it fits tightly to the |ateral end surfaces of the first block 41 so as
not to allow gas to pass and has an inner space that forns a gas reserving
section 46 outside the first 20 bl ock 41. As shown also in Figs. 3
through 5, an outer discharge section conprised of a nunber of small holes
48 fornmed in positions just below the snmall holes 44 is forned in the

| engt hwi se direction of the second bl ock 42 at a bottom portion of the

i nner space. - 24 - \Wien the snmad I2hotes 48 are nade | arger than the
small holes 44, a liquid flow di scharged fromthe snmall hole 44 easily
passes through the small hole 48. The small holes 44 and 48 can each be
formed into 5 a variety of shapes of, for exanple, a round hole,

an el lipse hole a pal n hol e, a star-shaped hol e or ap irregul ar|l
shaped hol € Tdklﬂd‘%ﬁfb EEESEHF“EheS%BFh?ntH5§ &ERE of® gﬁ@ ﬁlstﬁaﬁaéﬂ
liquid flom1and ds to bg,a t rnln | ho
preferably %Ulse é%@hgf hoﬁg ﬁ?efera ﬁgées%%?% %nga e
hol e, mnuch bly,he an pexaganals €the hR Sase of
an el ongate Eﬁe?lgﬁﬁ%ﬁ é %egﬁatl €ﬁa %Q %I hﬁ# ﬂe | engt hw se
direction (gheeketiba |8fth§ nozzle 4. At a bottom portion (at a

5 longitudinal end portion of the letter T) of the liquid

reserving section 43 is formed an inner discharge section

comprised of a number of small holes 44 in the lengthwise

direction of the first block 41 as shown also in Figs. 4
_and 5.

10 The length of the line of the small holes 44 can
be made sufficiently longer than the 1longitudinal or
lateral direction of a glass panel section (not shown) of
the maximum size of the object to be coated, the length
being able to be, for example, 600 mm or 1000 mm.

15 The second block 42 is an elongated thing having
an approximately U-like sectional shape (Fig. 2), and it
fits tightly to the lateral end surfaces of the first block
41 so as not to allow gas to pass and has an inner space
that forms a gas reserving section 46 outside the first

20 block 41. As shown also in Figs. 3 through 5, an outer
discharge section comprised of a number of small holes 48
formed in positions just below the small holes 44 is formed
in the lengthwise direction of the second block 42 at a

bottom portion of the inner space.



wi dt.hwi se direction (shorter diameter) of the small hole to 15 t he

| onger dianmeter of the small hole) is, for exanple, 1/1.5 to 1/3 and nore
preferably 1/1.5 to 1/2. When the | engthw se direction of the el ongated
smalsl hol e coincides with the | engthw se direction of the nozzle, the
processi ng accuracy of the small hole can be easily increased 20
(particularly in the case of a block conprised of bisected bodies). The
size of each of the small holes 44 and 48 is, for exanple, about 0.5 to 8
mmin terns of a distance between the centers of adjacent snmall hol es.
Taking into 25 = account the point that the discharged |liquid reaches the
- 25 - surface of the object to be eoated and fl ows sideways to be
uniformy coated as nerged with the adjacent one, the size is preferably
0.5 mMmto 1 nm It can be perforned to form 600 snmall holes 44 and 48 at a
di stance of 1 nm between the 5 centers of adjacent small holes 44 and

make them correspond tgo a gl ass panel section of 600 gn13% form 1000 spal
hol es and nake them cdt¥Rpbh8 EB2dlghedsspdifel 25RcPROR JRTESE0 n| gheg

b d that., hopgh t he, di b AU .
thgl os th Sncft t]i s%\éggst g%%nét ﬁ%gtlns%l B e&‘i‘ggﬂawg?ﬁgﬂ&ﬁs ofe tigagga

a n arrangl ng nozzi e

(he') ongr1 R LS 400 0L pERTE L, et et 1 ezt 10

coated and nmoving the fQZziRall holes 44 and 48 can each be formed into

5 | a variety of shapes of, for example, a round hole, an

ellipse hole, a polygonal hole, a star-shaped hole or an

irregularly shaped hole. Taking into account the point

that each of the discharged liquid flow and gas flow tends

to be a turning flow, each small hole may preferably be a

10 hexagonal hole, more preferably be an elongated hole, much

more preferably be an elongated hexagonal hole. In the

case of an elongated small hole, the ratio of each small

hole in the lengtﬁwise direction (the ratio in the

widthwise direction (shorter diameter) of the small hole to

15 the 1longer diameter of the small hole) is, for example,

1/1.5 to 1/3 and more preferably 1/1.5 to 1/2. When the

lengthwise direction of the elongated small hole coincides

with the lengthwise direction of the nozzle, the processing

accuracy of the small hole can be easily increased

20 (particularly in the case of a block comprised of bisected
bodies).

The size of each of the small holes 44 and 48 is,

for example, about 0.5 to 8 mm in terms of a distance

between the centers of adjacent small holes. Taking into

25 account the point that the discharged ligquid reaches the



4 in parallel with the longitudinal direction or the 15 | at er al
"direction of the object to be coated in this state, the interval between
the liquids discharged linearly can be arbitrarily adjusted by changing the
angle of inclination. The first block 41 is conprised of bisected bodies
41a and 41b divided by a vertical plane that expands 20 in the

| engt hwi se direction through the wi dthw se centers of the small holes 44
whi ch serve as the inner discharge section. The second bl ock 42 is al so
conprised of bisected bodies 42a and 42b divided by a vertical plane that
expands in the | engthw se direction through the w dthw se centers 25 of
the small hol es 48. - 26 - The |4 @@ d reserving section 43 has inclined
surfaces 43a at the bottom of which is positioned the small hole 44.

This inclined surface 43a preferably has a greater inclination with
respect to the plane perpendicular 5 to the vertical plane because the
liquid inside easily flows down to the snall holes_44. Fuyrthernore, .in
order to prewefiacehefotber obiestoftoa ke [GARR AN FHEVANSAALYEY St Rf ge

of liquid between one end side and the other end sjde of the liguid_.
reserving seeifermady, dopted HefReEgfe Yath eaﬁaﬁéﬂﬁfﬁmﬁ %@%tigﬁﬁ “%a as

LR o PO Berarab i E TR, HHE S e g eOrklS Lo

preferably pas a stgemdiie iNatd N 4 2haki ngi 5PAACBCEBUAL mm between the

5 | centers of adjacent small holes 44 and make them correspond

to a glass panel section of 600 mm or form 1000 small holes

and make them correspond to a glass panel section of 1000

mm.‘ It is to be noted that, even though the distance

between the centers of the small holes 44 and 48 is

10 constant, when arranging the nozzle 4 so that the

lengthwise direction of the nozzle 4 is inclined with

respect to the longitudinal direction or the lateral

direction of the object to be coated and moving the nozzle

4 in parallel with the longitudinal direction or the

15 lateral direction of the object to be coated in this state,

the interval between the liguids discharged linearly can be
arbitrarily adjusted by changing the angle of inclination.

The first Dblock 41 is comprised of bisected

bodies 41a and 41b divided by a vertical plane that expands

20 in the lengthwise direction through the widthwise centers

of the small holes 44 which serve as the inner discharge

section. The second block 42 is also comprised of bisected

bodies 42a and 42b divided by a vertical plane that expands

in the lengthwise direction through the widthwise centers

25 of the small holes 48.



t he, arrangenment that the liquid easily fl ows downward al ong 15 t he
i nclined surface 43a and arrangenent that the sectional area of the liquid
reserving section 43 is nade as great as possible, the inclined surface 43a
preferably has an angle of not smaller than 75 degrees and not greater than
90 degrees with respect to the plane perpendicular to the 20 verti cal
plane. In order to prevent the occurrence of the difference in the anount
of discharge of gas between one end side and the other end side of the gas
reserving section 46, it is preferable to nake the sectional area of 25
the gas reserving section 46 as great as possible. - 27 -
Furthernore, in order to make the secigonal area of the gas reserving
section 46 as great as possible, it is preferable to make the thickness of
the first block 41 and the second bl ock 42 as thin as possible. It isto
be noted that, 5 accordingly as the thickness of the first block 41 and
t he second bl ock 42 is made thinner, the first block 41 and the second
bl ock 42 may swel | or T8eri ARIG A aRP SR 96t iSGFAIAY ed of hafe |infutdned
reserving section 43 or the gas reserving sectLom 46 or, var wi dt hs_ of
n

h
the small hEPESEGFS 43T ud o edh ¢f nPtf cﬁﬁn&fﬁdtﬁﬁéyegzn gYpall
o a5t BoREguTRea st PBHE HiBF EiRdey | PuRt el n | B RRENAELS R

mai ntain the requi'réd strength o e e seton

42. Taki ng bRt AGHRUN L LA AWePB8bect to the plane perpendicular

5 to the vertical plane because the ligquid inside easily
flows down to the small holes 44. Furthermore, in order to
prevent the occurrence of a difference in the amount of
dié&harge of liquid between one end side and the other end
side of the liquid reserving section 43, it is preferable

10 to make the sectional area as great as possibie. In order
to make the sectional area of the liguid reserving section
43 as great as possible, the inclined surface 43a
preferably has a steep inclination. Taking into_account
the arréngement that the liquid easily flows downward along
15 the inclined surface 43a and arrangement that the sectional
area of the liquid reserving section 43 is made as great as
possible, the inclined surface 43a preferably has an angle
of not smaller than 75 degrees and not greater than 90
degrees with respect to the plane perpendicular to the

20 vertical plane.

In order to prevent "the occurrence of the
difference in the amount of discharge of gas between one
end side and the other end side of the gas reserving
section 46, it is preferable to make the sectional area of

25 the gas reserving section 46 as great as possible.



that the sectional area of the gas reserving section 46 is 15 made as
great as possible and the arrangenent that the strength of the first

bl ock 41 and the second bl ock 42 is nmaintained, the sectional shape of the
gas-reserving section 46 is preferably made as great as possible so |long as
the required strength is maintained. When the surface 20 of the gas
reserving section 46 on the first block side is an inclined surface |ess
steep than the inclined surface 43a rather than being parallel to the
inclined surface 43a of the liquid reserving section 43, the portion having
a great thickness has a reinforcing effect, allowi ng the 25 required
strength to be maintained. - 28 - 44 1s acceptable to provide a gas
passage 49 between the gas reserving section 46 and the snmall hol es 48,
thereby allowing a gas flowto be rectified into a layer flow 5

It is proper to performthe processing of the small holes 44 of the first

bl ock 41 conprised of the bisected bodies 4la and 41b, for exanple, 1in a
manner as fBhrbherfioret hénacridererntentmaie atlsaif $¢éctepnahceyeacpfadie gas
efficiency. As shown in Fig. 6, by positioning the two 10 bi sect ed
bodi es 4la BRECEYBNIhSCHEPE Hde Hraced’tseds wwehSthtegr d5vés| ke fgymdeke 43a

and 43b which will serve as the liquid reserving section so_that the
openi ng pl ah8sBgKe H gy r v eErese Shatbe 5@5%5&¥%ﬂ§?f%ﬁn?ﬁﬂ F&%ﬂ%?ﬁﬂnd

plane and block 42 as thin as possible.“ It is to be noted that,

5 accordingly as the thickness of the first block 41 and the
second block 42 is made thinner, the first block 41 and the
second block 42 may swell or shrink to .vary the sectional
area of the liquid reserving section 43 or +the gas
reserving section 46 or vary the widths of the small holes

10 44 and 48, resulting in changing the amount of discharge.
In order to prevent such a vibration, it is preferable to
maintain the required strength of the first block 41 and
the second block 42. Taking into account the arrangement
that the sectional area of the gas reserving section 46 is

15 made as dreat as possible and the arrangement that the
strength of the first block 41 and the second block 42 is
maintained, the sectional shape of the gas reserving
section 46 is preferably made as great as possible so long
as the required strength is maintained. When the surface

20 of the gas reserving section 46 on the first block side is
an inclined surface less steep than the inclined surface
43a rather than being parallel to the inclined surface 43a
of the 1liquid reserving section 43, the portion having a
great thickness has a reinforcing effect, allowing the

25 required strength to be maintained.



concurrently cutting small grooves 44a and 44b for 15

constituting the small holes 44 on both the bisected bodies 4la and 41b,

t he divided bodies 4l1a and 41b as shown in Fig. 8 are obtained. It is
proper to performthe processing of the small holes 48 of the second bl ock
42 conprised of the 20 bi sected bodi es 42a and 42b, for exanple, in a
manner as follows for the achievenent of a sufficient accuracy and

ef ficiency. As shown in Fig. 7, by positioning the two bisected bodies
42a and 42b that have been processed with the groove-like spaces 46a and
46b which will serve as the 25 gas reserving section 46 so that the
openi ng pl anes of the - 29 - groevesl+ke spaces 46a and 46b form an

i dentical plane and concurrently cutting small grooves 48a and 48b for
constituting the small holes 48 on both the bisected bodies 42a and 42b,

t he di vi ded bodies 42a and 42b as shown in 5 Fig. 9 are obtai ned. By
assenbl i ng the thus-produced divided bodies 41a, 41b, 42a and 42b in a
manner as shown in Fi ¢t 18San@CFERFAPLEheEUI WRYd YodPesIREa, PAIH2IR 24 Aind

42b in the assenbl ed state with netal fittings (pot shown) with,10
i nt er posi ti g’r? 8 kP fig §26h ot & Lot 9 aFeSBtlﬁnen%’OpSP?. \c,))ér%, Fﬁ‘@l#‘oﬁ?]eeﬁ
ng"t"gmi Ci gi/vﬁzs“o&mt%@{}%ﬁh ar’lifwﬂi%% ainegd, s (38condebmiodi gRiY; Ay hebs &
g a fiquid coating
layer flow.
5 | It is proper to perform the processing of the
small holes 44 of the first block 41 comprised of the
. bisected bodies 4l1la and 41lb, for example, 1in a manner as
follows for the achievement of a sufficient accuracy and
efficiency. As shown.in Fig. 6, by positioning the two
10 bisected bodies 4l1a and 41b that have been processed with
the groove-like spaces 43a and 43b which will serve as the
ligquid reserving section so that the opening planes of the
groove-like spaces 43a and 43b form an identical plane and
concurrently cutting small grooves 44a and 44b for
15 constituting the small holes 44 on both the bisected bodies
4la and 41b, the divided bodies 4l1a and 41b as shown in
Fig. 8 are obtained. |
It 1is proper to perform the processing of the
small holes 48 of the second block 42 comprised of the
20 bisected bodies 42a and 42b, for example, in a manner as
follows for the achievement of a sufficient accuracy and
efficiency. As shown in Fig. 7, by positioning the two
bisected bodies.éza and 42b that have been processed with
the groove-like spaces 46a and 46b which will serve as the

25 gas reserving section 46 so that the opening planes of the



nozzl e according to a second enbodi nent of the present 15 i nvention,
whiTe Fig. 12 is an enlarged view of a sectional portion X - X of it. |In
Figs. 11 and 12, a liquid coating nozzle 40 is equivalent to the liquid
coating nozzle 4 of the first enbodi nent except for the difference in the

foll owi ng point. 20 In this nozzle 40, the inner discharge
section is conprised of a nunber of small holes 44, while the outer

di scharge section is conprised of two parallel slits 148a and 148b arranged
on both sides of the line of the small holes 44. The |ongitudinal end
surface of the first block 25 41 is positioned so that it fornms a
surface approxi mately - 30 - identjiecal to the | ower surface of the
second bl ock 42. The small holes 44 are conprised of a nunber of small

hol es having the sane shape and size as those of the first enbodi nent,
however, the length is made |onger and they are 5 not comuni cated with
the gas reserving section 46. The second block 42 is an eIongated

t hi ng havgngcveahl&spﬁ@%Fﬁﬁté@Plﬁ¢¢kés§e@ﬂnﬂuﬂnsh%ﬁ%t%ﬁﬁg PeReE 19nd
Figs. 11 and 12) and has a w . de groove_for constltutlgg th I|t§ 14§§ and
148b at it sCPBAPFEEBREAI é?rH:ts‘d'?‘—’f acéma&&nstqlﬁ‘iﬂ‘f% 18 sfPPs 14¥a

i S5 TSI Yo eGSR e
downwar d frgg&t Qﬁxd ”QSL,d'é@a&Q@ﬁSﬁt 'kﬁﬂilé?é"dcléa and 42b as shown in

5 | Fig. 9 are obtained.

By assembling the thus-produced divided bodies
41a, 41b, 42a and 42b in a manner as shown in Fig. 10 and
fixing the divided bodies 4la, 41b, 42a and 42b in the
assembled state with metal fittings (not shown) with

10 interposition of packings (not shown) at both end portions,
the nozzle 4 shown in Figs. 1 through 5 is obtained.

(Second Embodiment)

Fig. 11 is a bottom view showing a liguid coating
nozzle according to a second embodiment of the present

15 invention, while Fig. 12 is an enlarged view of a sectional
portion X - X of it. In Figs. 11 and 12, a liguid coating
nozzle 40 is equivalent to the liguid coating nozzle 4 of
the first émbodiment except for the difference in the
following point.

20 In this nozzle 40, the inner discharge section is
comprised of a number of small holes 44, while the outer
discharge section is comprised of two parallel slits 148a
and 148b arranged on both sides of the line of the small
holes 44. The longitudinal end surface of the first block

25 41 is positioned so that it forms a surface approximately



curtai n-shaped gas flow fl ows downward fromthe outer 15 di schar ge
section. (Third Enbodinent) Fig. 13 is a perspective view showing a liquid
coating apparatus according to a third enbodi nent of the present invention.
20 - In Fig. 13, a liquid coating apparatus 1 is
provided with: a tube support section 3 which rotatably supports a gl ass
panel section 2 of a laterally elongated cathode ray tube having an aspect
ratio of, for exanple, 16 : 9; the nozzle 4 of the first enbodi ment which
is 25 el ongated in an X-direction (in the noving direction of the -
31 - sheet) in which a phosphor suspension is discharged onto the gl ass
panel section 2; and a nozzle noving sgction 5 for noving the nozzle 4 in a
Y-direction perpendicular to the X-direction on the tube support section 3.
5 The tube support section 3 is a box-shaped nenber,
of which | ower surface is nmounted with a rotational drive section 10
including a notor. It is to be noted that the tube support section 3
conform ng iidesitZieedlo tdetlye abswepanahr Secsé | ofi €hef skhendabhods raay. t utteei S

prepared and 10 renovably nmounted to the rotational drive section
10. Around sheldppeplesr féceabd tdemprilsedsupport rRewbeon & | smhddndtb kes
drain groove 11 having a slope for draining out superfluous |iquid. I n

t he | owest B&ﬁHHQM1§§P'tﬁém8rthape and slze as those of the first

_embodiment, however, the length is made longer and they are

5 not communicated with the gas reserving section 46. The

second block 42 is an elongated +thing having an

approximately L-like sectional shape (not shown in Figs. 11

and-lz) and has a wide groove for constituting the slits

148a and 148b at its longitudinal end surface, constituting

10 the slits 148a and 148b as fit tightly to the longitudinal
end side surface of the first block 41.

In the nozzle of this embodiment, a linear ligquid
flow flows downward from the inner discharge section, and a
curtain—shapéd gas flow flows downward from the outer

15 discharge sectioﬁ.
(Third Embodiment)

Fig. 13 1is a perspective view showing a liguid
coating apparatus according to a third embodiment of the
present invention.

20 In Fig. 13, a liquid coating apparatus 1 is
" provided with: a tube support section 3 which rotatably
supports a glass panel section 2 of a laterally elongated
cathode ray tube having an aspect ratio of, for example, 16

: 9; the nozzle 4 of the first embodiment which is

25 elongated in an X-direction (in the moving direction of the



grqove 11 is provided an outlet 12 through which the 15 super fl uous
liquid is discharged to the outside to be reused. At a center portion
of the tube support section 3 is forned an approxi mately rectangul ar

nmount i ng opening 13 for nounting. the glass panel section 2. The
mounti ng opening 13 has a shape conformng to the periphery of the 20

gl ass panel section 2 and is internally provided wwth a sealing nenber 14
for preventing the liquid fromleaking. The nozzle 4 has on its | ower
surface the small holes 44 and 48 which serve as the inner and outer

di scharge sections arranged in the X-direction. The length 25 of the
line of the small holes 44 and 48 issgufficiently - 32 - longer than the
length in the X-direction of the glass panel section 2 of the maxi num size
of the object to be coated. As shown in Figs. 13 and 14, the nozzl e noving
5 section 5 has a pair of guide rails 50 which are arranged on both
sides of the tube support section 3 and extended in the Y-direction, a ball
t hr ead shafshegthhiigh Wbiebt & abhgSBRPENFSRANFHPR hé Sgud BrCharyedo B he
depthwi se side in Fig. 13, _and a driving frane 52 and a drjven frane 53

whi ch 10 th%r glasedPaneh FRCELFHsiZi oANSS apa’&??ﬁgg Y ki ﬁﬁcﬁéf’al
fittings P s%%vm t bot h Ends of the grz{_ze The bg cﬁﬂ e &O
shaft 51 is-Pbt AAb T)opf’éa §t 4 ¥ bt &S cbts}%a??ﬁﬁg 83°848554° and
a driving nPLQr éélEﬁctlon on the tube support section 3.

5 The tube support section 3 1s a box-shaped
member, of which lower surface is mounted with a rotational
drive section 10 including a motor. It is to be noted that
thé.tube support section 3 conforming in size to the glass
panel section 2 of the cathode ray tube is prepared and

10 removably mounted to the rotational drive section 10.
Around the upper surface of the tube support section 3 is
formed a drain groove 11 having a slope for draining out
superfluous liquid. In the lowest position of the drain
groove 11 1is provided an outlet 12 through which the

15 superfluous liquid 1is discharged to the outside to be
reused. At a center portion of the tube support section 3
is formed an approximately rectangular mounting opening 13
for mounting the glass panel section 2. The mounting
opening 13 has a shape conforming to the periphery of the

20 glass panel section 2 and is internally provided with a
sealing member 14 for preventing the liquid from leaking.

The nozzle 4 has on its lower surface the small
holes 44 and 48 which serve as the inner and outer

discharge sections arranged in the X-direction. The length

25 of the 1line of the small holes 44 and 48 is sufficiently



connected to an end portion of a side of the bearing 57. 15 The driving
frame 52 is provided with a linear bearing 55 guided by the guide rail 50
and a ball nut 56 to be neshed with the ball thread shaft 51. The driven
frame 53 is provided with a |inear bearing 55 guided by the guide rail 50.
20 As shown in Figs. 13 and 14, the driving frame 52 and the
driven frame 53 are provided with two air inlets (not shown) for
introducing air into the gas reserving section 46 inside the nozzle 4 and a
pair of liquid inlet and liquid outlet (not shown) for introducing
and 25 discharging liquid into and from the |liquid reserving

- 33 - section 43 while circulating.tfe Liquid. To the air inlets are
connected air hoses 30a and 30b via connecting netal fittings. The air
hoses 30a and 30b are connected to an air pressure source 88 as shown in

Fig. 14. To the liquid 5 inlet and outlet are connected circul ation
hoses 31 and 32 via connecting netal fittings. As shown in Fig. 14, the
ci rcul ati onlbager31lthancdrimectlenhgtd t he otih¢ eX-siigdecdion cPfcufdei shtagtinp
33 conprised of a gear punp The circul ation hqse 32 i

. ) 2 1is
connect ed tpankd iseetiende offtKeelgnaximen, 328t iYh plfp BPSFa &vdTe
36. To the inlet. side of the circulation punp 33 is also connected a tank

34 for resefFPR%§%he phosphor suspension via a valve 35. In this case, the

arrangement of Circméﬂé”QhéQ%'ﬂﬁ“%Qgé? H% and 14, the nozzle moving

5 'section 5 has a pair of guide rails 50 which are arranged
on both sides of the tube support section 3 and extended in
the Y-direction, a ball thread shaft 51 which is rotatably
arfénged along the guide rail 50 on the depthwise side in
Fig. 13, and a driving frame 52 and a driven frame 53 which

10 are fixed with interposition of packings and fixing metal
fittings (not shown) at both ends of the nozzle 4. The
ball thread shaft 51 is rotatably supported at its both
ends by bearings 57 and 58, and a driving motor 54 is
connected to an end portion of a side of the bearing 57.

15 The driving frame 52 is provided with a linear bearing 55
guided by the guide rail 50 and a ball nut 56 to be meshed
with the ball thread shaft 51. The driven frame 53 is
provided with a linear bearing 55 guided by the guide rail
50.

20 As shown in Figs. 13 and 14, the driving frame 52
and the driven frame 53 are provided with two air inlets
(not shown) for introducing air into the gas reserving
section 46 inside the nozzle 4 and a pair of liquid inlet
'and liquid outlet (not shown) for introducing and

25 discharging 1liquid into and from .the 1liquid reserving



prevyent the phosphor in the liquid staying in the pipes, 15 hoses and
the nozzle 4 fromprecipitating in the liquid in the stage of liquid supply

st op. In the stage of liquid supply stop, the valve 35 is closed and the
valwe 36 is opened to circulate the liquid through the circulation hoses 31
and 32, thereby preventing the precipitation of 20 t he phosphor. The

air inlets of the driving franme 52 and the driven frane 53 are connected to
the gas reserving section 46 of the nozzle 4 which is a space elongated in
the X- direction. The gas reserving section 46 is conmuni cated 25

with the small hol es 48 which serve as the outer discharge - 34 -
section through the gas passage 49 §t35h§ bottom portion of the second

bl ock 42 of the nozzle 4. The gas pasSage 49 is a very thin space having a
width slightly Ionger than that of the line of the small holes 44 and 48,

and it is able to 5 rectify air into a layer flow The air which has
passed through this space is substantially forned into air of a | ayer
flow. Theeddi®H i3 iwhEle @nfculdting tipeitlbduiare remand ceiedimiéhst he

liquid reserving section 43 which is a space elongated in the X-direction.
The |iquid meseredngedbed aisechomes 430kRs arte 3phcevimavengnacténg |megal
capacity with respect to the flowrate, and the liquid reserved there is
made to be fdtttdingshar g&euridier BEHSF NBPpradssuF P areheCPRparicefes? vrRg
section 43 is comunicated with the smal

alr pressure source 88 as shown in Fig. 14. To the liquid
5 inlet and outlet are connected circulation hoses 31 and 32
via connecting metal fittings. As shown in Fig. 14, the

circulation hose 31 is connected to the outlet side of a
ciféulation pump 33 comprised of a gear pump. The
circulation hose 32 is connected to the inlet side of the
10 circulation pump 33 via a valve 36. To the inlet side of
the circulation pump 33 is also connected a tank 34 for
reserving the phosphor suspension via a valve 35. In this
case, the arrangement of circulating the 1liquid is to
prevent the phosphor in the 1liguid staying in the pipeé,
15 hoses and the nozzle 4 from precip‘itating in the ligquid in
the stage of liquid supply stop. In the stage of 1ligquid
supply stop, the valve 35 is closed and the valve 36 is
opened to circulate the 1liquid through the circulation
hoses 31 and 32, thereby preventing the precipitation of

20 the phosphor.
The air inlets of the driving frame 52 and the
driven frame 53 are connected to the gas reserving section
46 of the nozzle 4 which is a space elongated in the X-
direction. The gas reserving section 46 1is communicated

25 with the small holes 48 which serve as the outer discharge



hol es 44 at the bottom portion and comuni cated with the 15 smal | hol es
48 at the exit of the gas passage 49. Wen air and the liquid are supplied
to the nozzle 4 having the above construction with a controlled flowrate

and. pressure, as shown in Fig. 4, an air flow 21 which externally surrounds

in a cylindrical shape a |linear 20 liquid flow 22 fl owi ng downward from
the small holes 44 is forned. This liquid flow 22 is incessantly

di scharged as guided by the air flow 21 even though the anmount of supply is
smal | . - 35 - Qperation of the liquid coating apparatus 1 of the third

enbodi ment constructed as above will be described next. Wen the gl ass
panel section 2 of the cathode ray 5 tube of the object to be coated is
mounted to the tube support section F%nd the tube support section 3 is
mounted to the rotational drive section 10 so that its |engthw se direction
extends in the Y-direction, the valve 35 is opened and the valve 36 is
closed. By this operation, the 10 liquid that has circul ated through

the circul atkenibasenhradlgan@dnd? i gdisdgsjuial sesehei bgtsent perrtddn re de
the nozzle 4 is supplied fromthe tank 34 to the nozzle 4 via the

circul ati ontheseegbnd Hlurdkher? ofa firegssikedt ai rThe gappbredabeomst He air
pressure source 88 to the nozzle 4. 15 The pressurized air is
i ntroduced fr@@rbhetlin fpaee3baying a width slightly longer than that
of the line of the small holes 44 and 48, and it is able to
5 rectify air into a layer flow. The air which has passed
through this space is substantially formed into air of a
layer flow. The liguid inlet and 1liquid outlet are
comﬁunicated with the liquid reserving section 43 which 1is
a space elongated in the X-direction. The liquid reserving
10 section 43 is the space having a very large capacity with
respect to the flow rate, and the liquid reserved there is
made to be not discharged. under a normal preséure. The
liquid reserving section 43 is communicated with the small
holes 44 at the bottom portion and communicated with the
15 small holes 48 at the exit of the gas passage 49.
When air and. the 1liquid are supplied to the
nozzle 4 having the above construcfion with a controlled
flow rate and pressure, as shown in Fig. 4, an air flow 21
which externally surrounds in a cylindrical shape a linear
20 liguid flow 22 flowing downward from the small holes 44 is
formed. This liquid flow 22 is incessantly discharged as
guided by the air flow 21 even though the amount of supply

is small.



the air inlet to the gas reserving section 46, where the air expands in the
X-direction and is guided to the gas passage 49. The air guided to the gas
passage 49 is formed into a layer flow air 21 while passing through there
and. 20 di scharged fromthe small hol es 48 which serve as the outer

di scharge section. On the other hand, the liquid supplied fromthe tank 34
via the circulation hose 31 by the circulation punp 33 is reserved in the

|l iquid reserving section 43 via the 25 liquid inlet and then expanded -
in the X-direction. Then, - 36 - the liquid is drawn off through the
smal | hol es 44 which serve as the inner discharge section by the air of the
| ayer flow, and the linear liquid 22 3% i scharged downward t hrough the
smal | holes 48 along the air. It isto be 5 noted that the flow rate
in this stage differs depending on the size of the cathode ray tube 2, and
it is approximately 200 to 500 cc/mn. Wien the discharge of air and the
liquid is started, the nozzle 4 is npved_iin the Y-direction wth th

10
noverment of the drivi RPFREH™S520F n Hife gr’-lﬁ}lﬁgctc??ﬁlt’orﬁlgr@Pﬁairr?d:‘{%e%a‘?fi
th d shaft 51 by t i Vi t 54. F | h i j 8,
Wt the ol 558 anaid enbedireh e st ur TSt 57 angede PRalndl ddbiibed

hori zontal | y. « By noving the nozzle 4 in the Y-direction 15 whi | e
di schar gi ng Fﬁé'liquid fromthe nozzle 4, the liquid

When the glass panel section 2 of the cathode ray

5 tube of the object to be coated is mounted to the tube

support section 3 and the tube support section 3 is mounted

to the rotational drive section 10 so that its lengthwise

diréction extends in the Y-direction, the wvalve 35 is

opened and the valve 36 is closed. By this operation, the

10 liquid that has circulated thfough the circulation hoses 31

and 32 and the 1liguid reserving  section 43 inside the

nozzle 4 is supplied ffom the tank 34 to the nozzle 4 via

the circulation hose 31. Further, a pressurized.air is

supplied from the air pressure source 88 to the nozzle 4.

15 The pressurized air is introduced from the air hose 30 via

the air inlet to the gas reserving section 46, where the

air expands in the X-direction and is guided to the gas

passage 49. The air guided to the gas passage 49 is formed

into a layer flow air 21 while passing through there and

20 discharged from the small holes 48 which serve as the outer
discharge section.

On the other hand, the liguid supplied from the

tank 34 via the circulation hose 31 by the circulation pump

33 is reserved in the liquid reserving section 43 via the

25 ligquid inlet and then expanded in the X-direction. Then,



flQqw 22 di scharged fromthe nozzle 4 is coated on the glass panel section 2
of the cathode ray tube. Wien the coating of the liquid is conpleted, the

t ube support section 3 is rotated at a speed of 40 to 50 rpm by the

rot-ati onal drive 20 section 10, thereby drying the liquid with a heater
99 as shown in Fig. 19 placed on the glass panel section 2 while
suppressing the flow of the liquid into the center portion, resulting in
the formati on of a phosphor film Then, a phosphor layer is forned in
the desired position by the 25 known photolithographi c nethod and
thereafter this process - 37 - is repeated three tinmes in all, so that
phosphor |ayers of the three colors gf red, blue and green are formed, for
exanple, in a matrix formin the desired position on the glass panel
section 2. 5 In this case, the linear liquid 22 of a uniform
t hi ckness is discharged onto the gl ass panel section 2 so that it flows

al ong the gas 21 discharged substantially in the formof a |ayer flow
Ther ef or e, tier elyghydnos ndrave wodfz| shdough atthee salhehgllass panwhich

section 2, the liquid 10 @ can be coated on the glass panel
section 2 seiie eagai BRai dinier adischargst s¢¢cthent MXkrEss.alr Ter &here,
by adjusting the anmount of discharge of the liquid, a uniformthin coating

fi | mhavi ng-3¥%% | £1eBat PR§ RBARUREPEAH Wi 7 107 et PR BISAoFOVRWRE d
whi | e supprgssing, the consurPtiog 15 4o long "ene! AU d re FYLthEr ML

5 noted that the flow rate in this stage differs depending on
the size of the cathode ray tube 2, and it is approximately

200 to 500 cc/min.
: When the discharge of air and the 1liquid is
started, the nozzle 4 is moved in the Y-direction with the
10 movement of the driving frame 52 in the Y-direction by
rotating the ball thread shaft 51 by the driving motor 54.
For example, as shown in Fig. 18, with the glass panel
section 2 horizontally arranged, the nozzle 4 is moved
horizontally. By moving the nozzle 4 in the Y-direction
15 while discharging the liguid from the nozzle 4, the liquid
flow 22 discharged from the nozzle 4 is coated on the glass
panel section 2 of the cathode ray tube. "When the coating
of the liquid is completed, the tube support section 3 is
rotated at a speed of 40 to 50 rpm by the rotational drive
20 section 10, thereby drying the liquid with a heater 99 as
-shown in Fig. 19 placed on the glass panel section 2 while
suppressing the flow of the liquid into the center portion,
resulting in the formation of a phosphor film. Then, a
phosphor layer is formed in the desired position by the

25 known photolithographic method and thereafter this process



rotatively small, the liquid forms no bubbles even when it is put in
contact with the glass panel section 2. Furthernore, since the | ength of
the line of the snmall holes 44 and 48 is |onger than the width of the gl ass
panel 20 section 2 of the cathode ray tube, the liquid can be coated in
one tinme of novenent. (Fourth Enbodinment) A liquid coating apparatus
according to a fourth enbodi nent of the present invention is equivalent to
t he 25 liquid coating apparatus of the third enbodi nent except -
38 - that the nozzle 40 (Figs. 11 and 12) of the second enbodi ment is used
in place of the nozzle 4 of the first enbodinent. When air and the liquid
are supplied to the 5 nozzl e 46 q@ff the second enbodinent with a :
controlled flowrate and pressure, a flat plate-shaped air flow of a |ayer
flow is discharged fromthe slits 148a and 148b, and a linear liquid flow
is discharged fromthe small holes 44 along the air. This liquid flowis

i ncessantly, di scharged 10 as guided by the air even though_ the anount

of supply ikSskHePPater fhweeniiddafent) atli qEPd 664t iRRPSHIIR at @¥eEECcHEdi ng

toa fifth nbogggpnt oflthe p%gseq%_kg e@j(¥;is b%ged ontgg%Aé@uigo%S

coating apparat JEE5e t ABLPRFr @ fenbdYi and ?n GBHSh ¢he ’
example, in a matrix form in the desired position on the
glass panel section 2.

5 In this case, the linear liquid 22 of a uniform
thickness is discharged onto the glass panel section 2 so
that it flows along the gas 21 discharged substantially in
therform of a layer flow. Therefore, merely by moving the
nozzle 4 relative to the glass panel section 2, the liquid

10 can be coated on the glass panel section 2 while
maintaining a constant film thickness. Therefore, by
adjusting the amount of discharge of the liquid, a uniform
thin coating film having little coating nonuniformity can
be formed in a short time while suppressing the consumption

15 of the 1liquid. Furthermore, since the flow rate 1is
rotatively small, the liquid forms no bubbles even when it
is put in contact with the glass panel section 2.
Furthermore, since the length of the 1line of the small
holes 44 and 48 is longer than the width of the glass panel

20 section 2 of the cathode ray tube, the liquid can be coated
in one time of movement.

(Fourth Embodiment)
A liquid coating apparatus according to a fourth
embodiment of the present invention is equivalent to the

25 liguid coating apparatus of the third embodiment except



nozzle 4 is arranged so that the | engthwi se direction of the nozzle 4 is
inclined relative to the longitudinal direction or the lateral direction of
the object to be coated in the horizontal plane, and in this state the 20
nozzle 4 is noved parallel in the longitudinal direction or the |ateral
direction of the object to be coated. By appropriately changing the angle
of inclination of the nozzle 4, the distance between the parallel |ines of
the linear liquid flow drawn on the object to be coated can be 25

adj ust ed. - 39 - (Sixth Enbodinent) A liquid coating apparatus according
to a sixth enbodi nent of the present invention is based on the liquid
coating apparatus of the fourth enbodsgenat and in which the 5 nozzl e 40
is arranged so that the I engthwi se direction of the nozzle 40 is inclined
relative to the longitudinal direction or the lateral direction of the
object to be coated in the horizontal plane, and in this state, the nozzle
40 is noved parallel in the longitudinal direction 10 ~ or the lateral

di rection oth@ffe dHeectnazzise ddat F19s By Hhpraffti at®) y Thang?fg $REEAgl e

of inclination of the nozzle 40, the width of a coati q fjl m.drawn a
curtain- shEFRPIIMENT +FoWSER tHe BHREEt Yo Bﬁecgé’tzég caJh gh écg] s?g’ﬂ?tlS
(Seventh Em%%ﬂo fHQnt.
When air and the 1liquid are supplied to the
5 nozzle 40 of the second embodiment with a controlled flow
rate and pressure, a flat plate-shaped air flow of a layer
flow is discharged from the slits 148a and 148b, and a
linear ligquid flow is discharged from the small holes 44
along the air. This liguid flow is incessantly discharged
10 as guided by the air even though the amount of supply is
small.
(Fifth Embodiment)
A liquid coating apparatus according to a fifth
embodiment of the present invention is based on the liquid
15 coating apparatus of the third embodiment and in which the
nozzle 4 is arranged so that the lengthwise direction of
the nozzle 4 1is inclined relative to the longitudinal
direction or the 1lateral direction of the object to be
coated in the horizontal plane, and in this state the
20 nozzle 4 is moved parallel in the longitudinal direction or
the lateral direction of the object to be coated. By
appropriately changing the angle of inclination of the
nozzle 4, the distance between the parallel lines of the
linear liquid flow drawn on the object to be coated can be

25 adjusted.



In the first, third or fifth enbodiment, the inner discharge section can be
not the snall hol es 44 but a slit having the length and width of the |ine
of the small holes 44, and the outer discharge section can be not the 20
smai| holes 48 but a slit having the length and width of the Iine of the
small holes 48. In this case, the curtain- shaped liquid flow di scharged
fromthe inner discharge section flows downward through the outer discharge

section and a curtain-shaped gas flow that externally surrounds - 40 - .
this liquid flow fl ows downward fromthe outer discharge section. (Eighth
Enbodi nent) In the first, second, third, fourth, fifth, sixth 5 or

sevent h enbodi nent, a tenperature adjast4 ng neans (nmeans for adjusting the
tenperature) for heating or cooling the liquid in the Iiquid reserving
section 43 of the first block 41 can be provided in the liquid reserving
section 43 or on the external surface of the liquid reserving section 10
43 of the first block 41. the tenperature adjusting neans, for
exanpl e, an i nst FAMEhE §EEﬁdé§eatheater for performng only heatlng, an
instrunment such as a Peldt. er, eV|c capabl e of_ perform hegting and
P deflad 38rey Kot

cooling, an instrunen &&ﬂ? 39% ¥ e ARG AT o7 RTRE <5
or 8N | NSLibgRhent! Qi S%é Qhegneéogois fda%&%natnsatll%m

medi um or a cooli1ng e |un1|n ock an
coating apparatus of the fourth embodiment and in which the
5 -nozzle 40 is arranged so that the lengthwise direction of
the nozzle 40 is inclined relative to the 1longitudinal
direction or the 1lateral direction of the object to be
coated in the horizontal plane, and in this state, the
nozzle 40 is moved parallel in the longitudinal direction
10 or the lateral direction of the object to be coated. By
apprépriately changing the angle of inclination of the
nozzle 40, the width of a coating film drawn by a curtain-
shaped liquid flow on the object to be coated can be
adjusted.
15 (Seventh Embodiment)
In the first, third or fifth embodiment, the
inner discharge section can be not the small holes 44 but a
slit having the length and width of the line of the small
holes 44, and the outer discharge section can be not the
20 small holes 48 but a slit having the length and width of
the line of the small holes 48. 1In this case, the curtain-
shaped 1liquid flow discharged from the inner discharge
section flows downward through the outer discharge section

and a curtain-shaped gas flow that externally surrounds



meaps for circulating the heating nediumor the cooling nmediumthrough this
pi pi ng can be used. By heating or cooling the liquid by the tenperature
adj usting neans 20 according to the rise and fall of the
environmental tenperature at which the nozzle is used, the viscosity of the
liquid can be kept constant, thereby allow ng the anount of discharge to be
kept constant. (N nth Enbodi nent) - 41 - In the first, second, third,
fourth, fifth, sixth seventh.or eighth enbodi nent, a renoval neans for
removi ng an object (such as a solidified resin material, particles of a
pigment or the |ike, coagulated material of the 5 particles or the
like) that is narrow ng or clogging_gnf inner discharge section when the

i nner discharge section is stuffed up can be provided inside or on the
external surface of the liquid reserving section of the first block 41.

The renoval nmeans can be a supersonic generator or a 10 supersoni c
transmtting neans (e.g., a rod-shaped nenber) for transmtting a

super soni ¢ waie fXigid sdpewsdliarvgedevawardpl fced ailiesi cetéhe diazaerd®
the first block. By operating the renoval neans while the liquid is
bei ng di schaeg&dont.he i nner di scharge section can be prevented 15 from
bei ng narrowed or cl ogged. Further, by operating the renoval neans while

t he di scharge of (Big
has been narrowed or

ggpordmenddped, the small holes or the slit that
In the first, second, third, fourth, fifth, sixth

5 or seventh embodiment, a temperature adjusting means (means
for adjusting the temperature) for Heating or cooling the
liquid in the liquid reserving section 43 of the first
bloék 41 can be provided in the liquid reserving section 43
or on the external surface of the ligquid reserving section

10 43 of the first block 41. As the temperature adjusting
means, for example, an instrument such as a heater for
performing only heating, an instrument such as a Peltier
device capable of performing heating and cooling, an
instrument such as a chiller for performing only cooling,

15 or an instrument provided with a piping for flowing a
heating medium or a cooling medium inside a block and a
means for circulating the heating medium or the cooling
medium through this piping can be used. By heating or
cooling the liquid by the temperature adjusting means

20 according to the rise and fall of +the environmental
temperature at which the nozzle is used, the viscosity of
the 1liquid can be kept constant, thereby allowing the
amount of discharge to be kept constant.

(Ninth Embodiment)



cl ogged can be cleaned to be restored to the original state. 20
(Tenth Enbodinment) In the first, second, third, fourth, fifth, sixth
ghth or ninth enbodi ment, by nmaking each of the liquid reserving

sevent h, ei
section 43

and the gas reserving sections 46 have a shape such that the

sectional area gradually 25 i ncreases fromone end side to the other
end side in the - 42 - lengthwi se direction of the nozzle 4 (or 40),
liquid and gas can be supplied fromthe side of the smaller sectional ar

to the liquid reserving section 43 and the gas reserving sections 46,

respectivel
the liquid
allowed to

y. Wth this 5 arrangenment, the liquid and gas
reserving section 43 and-t4ye gas reserving sections 46 are
have a small pressure difference in the |engthw se

direction of the nozzle 4 (or 40), thereby allow ng the amounts of
di scharge of the liquid and gas to be uniforned. 10 (El event h
In the first enbodi nent, the nozzle 4 is allowed to be provided

Enbodi nent)

with no second bl ock 4n (Gheg.fimmt, merende Walvdeof@REFN o TiAENe| Sietitth

enbodi nent
the liquid

allowing a

has a sinplifjed structure, and b

i ncreasi ng the pressure of

t he
ea

in

y
i d $5venth &% RITHEN | PREPALREREY vAng FRRYA OrMAE T uf Pher FRH-hat
of the 111 shrenbiodhfent cubhe Jd ! dosan; e d sehargedaiihent gavdan Il ow

of a pigment or the 1like, coagulated material of the

10

15

20

25

particles or the like) that is narrowing or clogging the
inner discharge section when the inner discharge section is
stuffed up can be. provided inside or on the external
sur%ace of the liquid reserving section of the first block
41. The removal means can be a supersonic generator or a
supersonic transmitting means (e.g., a rod-shaped member)
for +transmitting a supersonic wave from a supersonic
generator placed outside the nozzle to the first block. By
operating the removal means while the 1liquid is being
discharged, the inner discharge section can be prevented
from being narrowed or clogged. Further, by operating the
removal means while the discharge of the liquid is stopped,
the small holes or the slit that has been narrowed or
clogged can be cleaned to be restored to the original
state.
(Tenth Embodiment)

In the first, second, third, fourth, fifth, sixth
seventh, eighth or ninth embodiment, by making each of the
liquid reserving section 43 and the gas reserving sections
46 have a shape such that the sectional area gradually

increases from one end side to the other end side in the



downward onto the object to be coated. As a nore actual exanple, Fig. 16
shows a nodification of the nozzle 4 of 20 Fig. 15 wherein curved
surfaces thereof are reduced and the nozzle is conprised of planar
sur.faces. A liquid reserving section 163, an inclined surface 163a, and
smal | hol es 164 of a nozzle 124 in Fig. 16 correspond to the liquid

reserving section 43, the inclined surface 43a, and the 25 smal | hol es
44, respectively. Various nodifications of the - 43 - small holes 44
are shown in Fig. 17. The nuneral 164a denotes a |aterally el ongated

hexagonal hole, 164b a circular hole, 164c a laterally elongated ellipse
hol e, and 164d a longitudinally el ongated ellipse hole. 5

(Twel fth Enbodi ment) In the second, third, fourth, fifth, sixth seventh,
eighth, ninth or tenth enbodi nent, the nozzle 4a of the el eventh enbodi nent
is enployed in place of the nozzle 4 of the first enbodinent. 10

By using the liquid coating nozzle and the liquid coating nethod and |
appar at us Jdsingftiwise ndireetdpnt Rt pEbsemogzhent | difT a4g} ocdde f bLaBbdEt i ng
at least one of: a patterning resist (e.g., polyvinyl alcohol (PVA),_poly
vi nyl pyrr olabn&A VSRR f 68F cHWRR 18R ngt ptﬁﬁ%h&ldleay&f 15he S]I“%HFﬁg

aperture; a .black. inorganic igoent . containing resin_solution,( ., a
resin sol ytsieo%tlr%n%i &f =g gﬁ"ao?‘%i gﬁ%ﬂf'ds&c 49 ¢ b%%c%?%rékd‘igs acf?%pglflged)
for C0n5“1ﬂgéngreserving sections 46, respectively. With this

5 arrangement, the liquid and gas in the 1liguid reserving

section 43 and the gas reserving sections 46 are allowed to

have a small pressure difference in the 1lengthwise

diréction of the nozzle 4 (or 40), thereby allowing the

amounts of discharge of the liguid and gas to be uniformed.
10 (Eleventh Embodiment)

In the first embodiment, the nozzle 4 is allowed
to be provided with no second block 42 (Fig. 15). A nozzle
4a according to the eleventh embodiment has a simplified
structure, and by increasing the pressure of the 1ligquid

15 inside the liquid reserving section 43 further than that of
the first embodiment, the liquid can be discharged without
any gas flow, allowing a 1linear 1liquid flow to flow
downward onto the object to be coated. As a more actual
example, Fig. 16 shows a modification of the nozzle 4 of

20 Fig. 15 wherein curved surfaces thereof are reduced and the
nozzle is comprised of planar surfaces. A liguid reserving
section 163, an inclined surface 163a, and small holes 164
of a nozzle 124 in Fig. 16 correspond to the 1liquid
reserving section 43, the inclined surface 43a, and the

25 small holes 44, respectively. Various modifications of the



a black matrix; and a phosphor suspension (e.g., a graphite liquid
cont ai ni ng phosphors of green, blue and red) for 20 constituting the
phosphor |ayer, on the rear surface of the glass panel of the cathode ray
tubge can be perfornmed to allow the cathode ray tube to be manufactured.

The coated patterning resist is processed by the known exposure nethod,
thereby formng a pattern such as tenporary dots 25 which wll be the
phosphor |ayer formi ng aperture in the - 44 - desired position. The
obtai ned pattern has the advantage that they are thinner and nore uniform
than those coated with the resist by using the conventional nozzle and the
conventional |iquid coating nethod -angg apparatus, thereby 5 suppr essi ng
the color irregularity and inproving the white bal ance. The bl ack
colorant containing liquid coated on the rear surface of the glass panel
section on which the pattern is formed is processed by the known devel opi ng
met hod for the renoval of the resist at the pattern, 10 t her eby

formng a BMadd halefx 44 apf5e sdWWredint Held bl adk st ANhSe) N4PBHAd tHelta

portions where the pattern has existed (the. portions becqmi ng t.he
phosphor fei S { & mi R r SLOPIAT 7L gat 28 PRE ogltog'iened H4kk 2

T, 0 SSRGS U N Y Mol Bl i 7 ahae

15 in conmparison w e one coa c¢oForant” contai ni ng

315, e ol g dtsasiione 1l
5 (Twelfth Embodiment)
. In the second, third, fourth, fifth, sixth
seventh, eighth, ninth or tenth embodiment, the nozzle 4a
of the eleventh embodiment is employed in place of the
nozzle 4 of the first embodiment.

10 By using the liquid coating nozzle and the liquid
coating method and apparatus using this nozzle of the
present invention, a process for coating at least one of: a
patterning resist (e.g., polyvinyl alcohol (PVA), poly
vinylpyrrolidone (PVP)) for constituting a phosphor layer

15 forming aperture; a Dblack inorganic pigment containing
resin solution (e.g., a resin solution in which a black
pigment such as carbon black is dispersed) for constituting
a black matrix; and a phosphor suspension (e.g., a dgraphite
liguid containing phosphors of green, blue and 'red) for

20 constituting the phosphor layer, on the rear surface of the
glass panel of the cathode ray tube can be performed to
allow the cathode ray tube to be manufactured. The coated
patterning resist 1is processed by the known exposure
method, thereby forming a pattern such as temporary dJdots

25 which will be the phosphor layer forming aperture in the



phosphor containing liquid is coated on the rear surface of the glass panel
section on which the black matrix has been 20 formed, thereby formng
a phosphor layer in the areas surrounded by the black matrix (phosphor
| ayer form ng aperture) by the known photolithographic method. Thi s
phosphor | ayer formation is repeated three tinmes in all in the order of
green, blue and red, the phosphor |ayers of 25 the three col ors of
green, blue and red are formed in the - 45 - areas surrounded by the
black matrix on the rear surface of the glass panel section. ‘Each of the
obt ai ned phosphor layers is unifornmed in thickness in conparison with the
one coated with the liquid by using_thp_ponventional nozzle and 5 t he
conventional |iquid coating nethod* and apparatus. Subsequently, a

cat hode ray tube can be obtained by the known cathode ray tube assenbling
met hod. The obtai ned cathode ray tube is totally bright and free from

| um nance nonuniformty or has a good white balance free fromcolor 10
irregul aritgekfreampydistiionv t hThiee swtea Doad edavkehnt e s eshet advantsgek
colorant containing liquid or the phosphor containing |liquid by using the
convent i onathatz Alteeyandreheciomesnt andamdrequinifornni Fgaret Haesangoated
apparatus. Furthernore, the coating process is reduced to one half to 15
one third (Whathi fghangeshet| enyt AS&RIt 19 | FRVERTEAGRL oA ToRDENt TR al

one. Fig. 20 shows a rqtatjng, and a tilting nechani.sns
g conventional liq id coating m thog and apparatus, thereby

5 suppressing the color irregularity and improving the white
balance. The black colorant containing ligquid coated on

. the rear surface of the glass panel section on which the
pat%ern is formed is processed by the known developing
method for the removal of the resist at the pattern,

10 thereby forming a black matrix (also called the black
stripe) around the portions where the pattern has existed

(the portions becoming the phosphor layer forming
aperture). In regard to the obtained black matrix, an area

to be surrounded by the black matrix is uniformed in size

15 in comparison with the one coated with the black colorant
containing liquid by using the conventional nozzle and the
conventiohal liguid coating method and apparatus. The
phosphor containing liquid is coated on the rear surface of

the glass panel section on which the black matrix has been

20 formed, thereby forming a phosphor layer in the areas
surrounded by the black matrix (phosphor layer forming
aperture) by the known photolithographic method. | Thié
phosphor layer formation is repeated three times in all in

the order of green, blue and red, the phosphor layeré of

25 the three colors of green, blue and red are formed in the



for rotating and tilting the tube support section 3 which are applicable to
t he” embodi nents descri bed above and 20 bel ow. As one exanple of
the rotating mechanism the rotational drive section 10 for rotating the
t ube support section 3 supporting the glass panel 2 is conprised of a notor
10a, and a rotary shaft 10b rotated by the notor 10a and rotating the tube
support section 3. As one exanple of 25 the tilting nmechanismfor
tilting the tube support section - 46 - 3, the tilting nechanismis
conprised of a tilting shaft 91 rotatably supporting the rotary shaft 10b,

a drive notor 93 for rotating the tilting shaft 91 at desired angles to
tilt the type support section 3, and gear box 92 arranged 5 bet ween
the drive notor 93 and the tilting shaft 91. According to these
arrangenents, as shown in Fig. 21, for exanple, the coating process for
coating a phosphor containing liquid (15 centi poise-viscosity) on the gl ass
panel 2 by the nozzle is carried out in a condition where 10 t he gl ass
panel 2 is areasgethrhernirzinl dby yehe tbbatk rodatirngoandhe [ndany suef gtasst
panel 2 as shown in Fig. 18. In the phosphor spreadi ng process, the gl ass
panel 2 is tbeatelaas FmEnen bpcthenrot afiaghal oflr ithe s@ trénedy BROTRLPT
tilting the glass panel 2 with respect to the horizonal direction 15 to
spread the LRYEXE @@t%ﬂ#%ﬂ%&%dphﬂthQCKn?ﬁéré&fFQFP%W+§9ﬂ3¥&HﬁN?W%Oﬁ§e

l:ﬁ?;g g;scgg%]g%gdﬁéicqgﬁ# ﬂfq&?gmgy u51n8 t%g d@ﬂ%&ﬁ%%% ass ng and

5 the conventional 1liquid coating method and apparatus.

Subsequently, a cathode ray tube can be obtained by the

known cathode ray tube assembling method. The obtained

cathode ray tube is totally bright and free from luminance

nonuniformity or has a good white balance free from color

10 - irregularity in comparison with the one coated with the

resist, the black colorant containing liquid or the

phosphor containing liquid by using the conventional nozzie

and the conventional ligquid coating method and apparatus.

Furthermore, the coating process is reduced to one half to

15 one third (in time and the length of the line) of that of
the conventional one.

Fig. 20 shows a rotating and a tilting mechanisms
for rotating and tilting the tube support section 3 which
are applicable to the embodiments described above and

20 below. As one example of the rotating mechanism, the
rotational drive section 10 for rotating the tube support
section 3 supporting the glass panel 2 1is comprised of a
motor 10a, and a rotary shaft 10b rotated by the motor 10a
and rotating the tube support section 3. As one example of

25 the tilting mechanism for tilting the tube support section



respect to the horizonal direction by the tilting mechanism the
glass panel 2 is rotated at 150 rpm by the 20 rotational drive section
10 so that a superfluous liquid is shaken off to outside of the glass
panel . Thereafter, as shown in Fig. 19, with the glass panel 2 tilted at
[err]=110[err] with respect to the horizonal direction by the tilting
mechani sm the glass panel 2 is rotated at 20 rpm by the - 47 -
rotational drive section 10 to dry the glass panel 2 by the heater 99. The
liquid coating nozzl.e of the enbodi nents of the present invention conprises
the first block which 5 internally has the liquid reserving section
that extends in its longitudinal diregtion and the inner discharge section
formed in the longitudinal direction at the bottom portion of the liquid
reserving section, the inner discharge section being conprised of a nunber
of small holes or a 10 slit; and the second block which has the

i nner space defining the gas reserving section that extends in the

| ongi t udi nab, dithecttiian iowt sedharienf i¥stchthorcksadtdofhe tufléing dibeditarge

section forned in the | ongi tudi nal direction at the bottom portion of
the inner spatetabAy EBpportdmgerthelimatrryjeshattt 18R, bai Agivenpratsed 9%f a
nunber of small holes or a slit.  Therefore, the liquid reserving .

secti on andfPhe r§iatiese ien§ Wddind skt b2l nalledrgtged Fﬁglﬁﬁb§§hgélt

dlfference_gggme€§bér"%d%$%r ndng EOEHQS}h%nd. a gear box 92 arranged

5 between the drive motor 93 and the tilting shaft 91.
According to these arrangements, as shown in Fig. 21, for
example, the coating process for coating a phosphor
conéaining liquid (15 centipoise-viscosity) on the glass
panel 2 by the nozzle is carried out in a condition where

10 the glass panel 2 is arranged horizontally without rotating
and tilting the glass panel 2 as shown in Fig. 18. In the
phosphor spreading process, the glass panel 2 is rotated at
30 rpm by the rotational drive section 10 without tilting
the glass panel 2 with reséect to the horizonal direction

15 to spread the liquid on the glass panel 2. Thereafter, in
the superfluous liquid discharging. process, as shown in
Fig. 19, with the glass panel 2 tilted at 6=110° with
respect to the Thorizonal direction by the tilting
mechanism, the glass panel 2 1is rotated at 150 rpm by the

20 rotational drive section 10 so that a superfluous liquid is
shaken off to outside of the glass panel. Thereafter, as
shown in Fig. 19, with the glass panel 2 tilted at 6=110°
with respect to the horizonal direction by the tilting

mechanism, the glass panel 2 1is rotated at 20 rpm by the



other end side in the |ongitudinal direction of each of the 20 l'iquid
reserving section and the gas reserving section can be reduced, and the
anount of discharge fromthe inner and outer di scharge sections can

be . uni f or ned in the longitudinal direction. Therefore, the liquid
in the nozzle is discharged fromthe inner discharge section and 25
the gas in the gas reserving section is discharged fromthe - 48 - outer

di scharge section, thereby formng a gas flow that externally surrounds a
| i near or curtain-shaped liquid flow that flows dowward fromthe inner

di scharge section. Therefore, the liquid flow flows straightly
downward 5 wi t hout deviating in the _nmoving direction of the nozzle to
reach the surface of the object to be coated w thout nonuniformty. When

t he i nner discharge section and the outer discharge section are snal
holes, a gas flow that cylindrically surrounds the linear liquid flowis
formed, 10 and therefore, the liquid flowtends to flow straightly
downwar d wi tdoatidasulatirigensiechdbni not e mow rnohaiglesis gpamel 2hbyl &her al
direction of the nozzle. According to the liquid coating nozzle of the
enbodi nent shefteheSPavention, the first block and the 15 second bl ock
are each conprised of bisected bodies, divided by the vertical plane that
expands in the | ongit&8enaiithiecEPdRiRer B9FHT 1eheP i F/w FPLHERRTD! the

I nner disghgﬁge Sggggg%' inIQEE?LRrebomkggsggzZkﬁeca?iggteaiﬂb%k which
5 internally has the liquid reserving section that extends in
its longitudinal direction and the inner discharge section
formed in the longitudinal direction at the bottom portion

of fthe liquid reserving section, the inner discharge
.section being comprised of a number of small holes or a

10 slit; and the second block which has the inner space
defining the gas reserving section that extends in the
longitudinal direction outside the first block and the

outer discharge section formed in the longitudinal
direction at the bottom portion of the inner space, the

15 outer discharge section being comprised of a number of
small holes or: a slit. Therefore, the 1liquid reserving
section and the gas reserving section can be made large,

the pressure difference between the one end side and the

other end side in the longitudinal direction of each of the

20 liquid reserving section and the gas reserving section can
be reduced, and the amount of discharge from the inner and

outer discharge sections can be uniformed in the
longitudinal direction. Therefore, the 1liguid in the

nozzle is discharged from the inner discharge section and

25 the gas in the gas reserving section is discharged from the



di sassenbl ed and cl eaned when a trouble such as the 20 cl ogging of the
nozzl e holes occurs, so that a stable discharge can be easily restored.
According to the liquid coating nozzle of the enbodi nents of the invention,
t he. shape of each of the small holes constituting the inner discharge
section and 25 the outer discharge section is an elongated
hexagon. - 49 - Therefore, each of the liquid flow and the gas fl ow
flows straightly downward as a turning flow, so that they hardly deviate

si deways. According to the liquid coating nozzle of the 5 enbodi nent s
of the invention, the liquid reserving section has the inclined surfaces at
t he bottom of which the inner dischar section is positioned. Ther ef or e,
even when the particles containing phoSphor particles are precipitated
while the liquid is staying in the liquid reserving 10 section, the
liquid falls sliding along the inclined surfaces to be discharged from
t he di scharge section wthout staying in the liquid reserving section, so
that it hardutetaugescralge isdgldmr i tierdbgoriimoing theyasi qulicsk cbaatng

nozzl e of the 15 enbodi nents of the invention, the sectional area of
t he gas resextengnadldot | sunrrcumdsiea atihargeors cposgilb-eha@edongl @isid hlow
required strength 1is naintained. Therefore, _the strength of the

first blockthatassiass apwnnanghs Pidssgie inner discharge “section.
Therefore, ' the 1liquid flow flows straightly downward

5 without deviating in the moving direction of the nozzle to
reach ' the surface of the object to be coated without
nonuniformity. When the inner discharge section and the:
outér discharge section are small holes, a gas flow that
cylindrically surrounds the linear liquid flow is formed,

10 and therefore, the 1liquid flow tends to flow straightly
downward without deviating neither in the moving direction
nor the lateral direction of the nozzle.

According to the liguid coating nozzle of the
embodiments of the invention, the first block and the

15 éecond block are each comprised of bisected bodies divided
by the vertical plane that expands in the longitudinal
direction through the widthwise center of the inner
discharge section. Therefore, the nozzle can be easily
disassembled and cleaned when a trouble such as the

20 clogging of the nozzle holes occurs, so that a stable
discharge can be easily restored.

According to the liquid coating nozzle of the
embodiments of the invention, the shape of each of the
small holes constituting the inner discharge section and

25 the outer discharge section is an elongated hexagon.



di fference between the one end side and the other end side 20 in the

| engt hwi se direction in the gas reserving section is reduced, so that the
gas flowis stabilized. The liquid coating nozzle of the enbodi nents of the
i nvention conprises the block which internally has the liquid reserving
section that extends in its |ongitudinal 25 direction. and the

di scharge section formed in the: - 50 - longitudinal direction at
the bottom portion of the liquid reserving section, the discharge section
bei ng conprised of a nunber of small holes or a slit. Therefore, the
liquid reserving section can be made |arge, the pressure 5

di fference between the one end side and the other end side in the

| ongi tudi nal direction of the quurﬁ‘¥%§érving section can be reduced, and
t he amount of di scharge fromthe discharge section can be unifornmed in the
| ongi tudi nal direction. Therefore, the liquid in the nozzle is 10
di scharged fromthe discharge section, so that the liquid tends to fl ow

strai ghtly goupuepdei n 48, TOF MAE & ilduiear s Déw CHRBAItNS haned tlliogui £h Jdow.
Therefore, the discharged |iquid can reach the surface of the object to be
coated wi t hettaignRuly fayunWard as WeRurhlieg dilssharge tbett ithiey itsaxidly

conprised of small holes, a linear liquid flowis forned and tends to fl ow
strai ghtly dewhed&edsiflewalyisqui d coati ng nozzl e manufacturing nmethod of the

enbodi nents of the invention i's the nethod for
According to the 1liquid coating nozzle of the
5 embodiments of the invention, the liquid reserving section
has the inclined surfaces at the bottom of which the inner
discharge section is positioned. Therefore, even when the
par%icles containing phosphor particles are precipitated
.while the liquid is staying in the 1liquid reserving
10 section, the 1liquid falls sliding along the inclined
surfaces to be discharged from the discharge section
without staying in the liquid reserving section, so that it
hardly causes color irregularity.
According to the liquid coating nozzle of the
15 embodiments of the invention, the sectional area of the gas
reserving section is made as large as possible so long as
the required strength is maintained. Therefore, the
strength of the first block is assured and the gas pressure
difference between the one end side and the other end side
20 in the lengthwise direction in the gas reserving section is
reduced, so that the gas flow is stabilized.
The liquid coating nozzle of the embodiments of
the invention comprises the block which internally has the
ligquid reserving section that extends in its longitudinal

25 direction and the discharge section formed in the



manufacturing the nozzle of the enbodinments of the 20 i nvention
in which the first block and the second bl ock are each conprised of the
bi sected bodies divided by the vertical plane that expands in the
| ongi tudi nal direction through the wi dthw se center of the inner discharge
section, and the inner discharge section and/or the outer 25 di schar ge
section is conprised of a nunber of small holes, - 51 - whereby
~processing of the small holes is performed by positioning the two bisected
bodi es whi ch have been preparatorily processed with the groove-shaped space
that serves as the liquid reserving section and/or the gas 5 reserving
section so that the opening plane of the groove- shaped space defines an
i dentical plane and concurrently cdif“hd'snall grooves for constituting the
smal | hol es of both the bisected bodies. Therefore, a nozzle having the
i nner discharge section and/or the outer discharge section 10 each
conprised of a nunber of accurate small holes can be efficiently

manuf act ur edon4eeandhag i ddee ildruitl €rat begtont et tanth tée theuildquuiat i ng
apparatus of the enbodi nents of the invention, the outer discharge section
of the nozztesekvihg Emctiongniadi neitchafgd heediniemt behngs conge itsedf arke
the object to be coated, and at |east one of the object to be coated and

t he nozzl e &s mamkext ref asmadlyhodesacir o2 helitn t Hheliekere onthRatliquid

intersects the |ongitudinal direction when
reserving section can be made large, the pressure

5 difference between the one end side and the other end side
in the 1longitudinal direction of the 1liquid reserving
section can be reduced, and the amount of discharge from
the’discharge section can be uniformed in the longitudinal
.direction. Therefore, the 1liquid in the nozzle is

10 discharged from the discharge section, so that the 1liquid
tends to flow straightly downward in the form of a linear
or curtain-shaped liguid flow. Therefore, the discharged
liquid can reach the surface of the object to be coated
without nonuniformity. When the discharge section is

15 comprised of small holes, a linear 1liquid flow is formed
and tends to flow straightly downward.

The ligquid coating nozzle manufacturing method of
the embodiments of the invention 1is the method for
manufacturing the nozzle of the embodiments of the

20 invention in which the first block and the second block are
each comprised of the bisected bodies divided by the
vertical plane that expands in the longitudinal direction
through the widthwise center of the inner discharge
section, and the inner discharge section and/or the outer

25 discharge section is comprised of a number of small holes,



the liquid flowis discharged in a linear or curtain-like 20 shape
whi |l e di scharging the gas flow toward the object to be coated through the
out er di scharge section. Therefore, by adjusting the anmount of discharge
of the liquid, a uniform thin coating film having reduced
coating nonuniformty can be forned in a short tine while 25

suppressing the consunption of the |iquid. -52- According to the liquid
coating nethod and the liquid coating apparatus of the enbodinments of
the invention, the discharge section of the nozzle of the

enbodi nents of the invention is made to face the object to 5 be coated
and at | east one of the object to be gpated and the nozzle is noved
relatively to each other in the direction that intersects the |ongitudinal
direction when the liquid flowis discharged in a linear or curtain-like
shape toward the object to be coated through the discharge 10 section.
Therefore, by adjusting the amount of discharge of the |iquid by the Iiquid
pressure inwhﬁéebwquP§°P§§§ﬁ@Hng°§eth6n,S@ahgif%@ﬁ?%hihscd%%¥%©rm?@n1by
havi ng reduced cqati,ng nonuniformty can be faorned in a shgrt tine ile
suppr essi ngPPR& EAGRdBFpt i'he of t¥Re PRGGECEed 5 Podies  which — Qavs ¢iRigefo

L1 | L GRRLL 0N ARRALP e Sl 0 S PRD! SRl AN e (g
manner the Ligui.d tQgst henbi ayi g 58SeryLogveRgt i Q8c8%oke! knd/or the gas
5 | reserving section so that the opening plane of the groove-
shaped space defines an identical plane and concurrently
cutting small érooves for constituting the small holes of
both the bisected bodies. Therefore, a nozzle having the
inner discharge section and/or the outer discharge section
10 each comprised of a number of accurate small holes can be
efficiently manufactured.

According to the liquid coating method and the
ligquid coating apparatus of the embodiments of the
invention, the outer discharge section of the nozzle of the

15 embodiments of the invention is made to face the object to
be coated, and at least one of the object to be coated and
the nozzle 1is moved relatively to each other in the
direction that intersects the longitudinal direction when
the liquid flow is discharged in a linear or curtain-like

20 shape while discharging the gas flow toward the object to
"be coated through the outer discharge section. Therefore,
by adjusting the amount of discharge of the 1liquid, a
uniform thin coating film having reduced coating
nonuniformity can be formed 1in a short time while

25 suppressing the consumption of the liquid.'



as the opening and cl osi ng nenber for opening and cl osing 20 the liquid
circulating passage. Wth this arrangenent, the circulation of the liquid
can be effected or stopped. Therefore, the circulation of the Iiquid can be
stopped while the liquid is being. discharged thereby allowi ng the pressure

to be stabilized, and the circulation of the 25 |l iquid can be effected
whil e the discharging of the liquid - 53 - is stopped thereby preventing
the precipitation of the particles. According to the cathode ray tube of

t he enmbodi nents of the invention, the phosphor is coated on the 5 rear
surface of the glass panel section by the liquid coating. nmethod of
the enbodi nents. Therefore, - ghe-thickness of the phosphor |ayer is
uni formed, so that the color irregularity is elimnated and a good white
bal ance is achi eved. 10 According to the cathode ray

tube of the enbodinents of the invention, the phosphor is coated on the
rear surface of the glass panel section by the liquid coating apparatus
of the enbodinents. ACC°FH’é-r"@f of@, thehelignéfnepatoma haeshesphanrd| dher |
uni f or med, io th t he col or |rregular|tg is elimnated and a ood

whi te bal an équé' ch‘f%?/teﬂngThépB&FﬁBHd? r &F t ubRe mafIRLSIRSHG nePhod 6t t he
enbOd'nentS1BLeBQ30n,Vegkhondkgghggsg a chfggs é% (%Eglrgézzle of the

embodiments of the invention is made to face the object to
5 .be coated and at least one of the object to be coated and
the nozzle 1is moved relatively to each other in the
direction that intersects the longitudinal direction when
the liquid flow is discharged in a linear or curtain-like
shape toward the object to be coated through the discharge

10 section. Therefore, by adjusting the amount of discharge
of the 1liquid by the 1liquid pressure in the 1liquid
reserving section, a uniform thin coating f£ilm having
reduced coating nonuniformity can be formed in a short time
while suppressing the consumption of the liquid.

15 According to the liquid coating apparatus of the
embodiments of the invention, it is provided with the
ligquid circulating passage for supplying in a circulating
manner the liquid to the liquid reserving section as well
as the opening and closing member for opening and closing

20 the liquid circulating passage. With this arrangement, the
circulation of the 1liquid can be effected or stopped.
Therefore, the circulation of the 1liquid can be stopped
while the liquid is being discharged thereby allowing the
pressure to be stabilized, and the circulation of the

25 liquid can be effected while the discharging of the liquid



as coating materials for phosphor screen process, at |east 20 one of a
pre-coating liquid for pre-coating to inprove adhesive property and
wettability of a coating liquid, patterning resist for form ng phosphor
form ng apertures, a graphite liquid for formng a black matrix, a phosphor

suspension, and a lacquer liquid for filmng, on the inner 25 surface
of the gl ass panel of the cathode ray tube by using - 54 - the nozzle
of the enbodi nents. For this purpose, for exanple, a cathode ray

tube in which no difference is between the center portion and the

peri pheral portion of the object to be coated in the size of the phosphor
| ayer 5 formng aperture thereby5achkieving a uniformty (when the
patterning resist is used), and/or no color irregularity is generated on
the black matrix thereby inproving the screen resolution (when the bl ack
colorant containing liquid for constituting the black natrix i s coated),
and/or the 10 t hi ckness of the hos h | ayer . éuuforqu

t her eby acht®viFPRPYdoFRATIRY bB&Y éﬂ‘? | § eﬁd‘ﬁ)@‘e D £ °%8m E8or

|rregular|t%%émh ? the phosphor suspensi on for constituting the phosphor

| ayer is ‘can manuf actured. 15 In the
embodi nent s, one, SéPHE?hg wher ecpthe dtingeessraf t hedehosphor drayer
isS nore unlforn1than tﬁe convéntional one, in the conventional coating
net hod, the.£6648heROE! b8NtAE AndledtS dpgnedhd Hdbivdit | st beatedr on the
5 rear surface of the glass panel section by the liquid
coatingﬂ method of the embodiments. Therefore, the

thickness of the phosphor layer is uniformed, so that the
color irregularity is eliminated and a good white balance
is achieved.

10 According to the cathode ray tube of the
empbodiments of the‘invention, the phosphor is coated on the
rear surface of the glass panel section by the 1liquid
coating apparatus of the embodiments. Therefore, the
thickness of the phosphor layer is uniformed, so that the

15 color irregularity is eliminated ~and a good white balance
is achieved.

The cathode ray tube manufacturing method of the
embodiments of the invention includes a process of coating,
as coating materials for phosphor screen process, at least

20 one of a pre-coating liquid for pre-coating to improve
adhesive property and wettability of a coating 1liquid,
patterning resist for forming phosphor forming apertures, a
graphite liquid for forming a black matrix, a phosphor
suspension, and a lécquer ligquid for filming, on the inner

25 surface of the glass panel of the cathode ray tube by using



corner portions (peripheral portions) thereof are 70 to 80 20 inrate
which is less than that of the center portion. On the other hand, in the
enbodi ment, the center portion of a glass panel is 100 while the four
corper portions thereof can be 95 to 100 in rate which is substantially
equal to that of the center portion. In sone-case, taking into 25
account a tendency that the peripheral portion is darker - 55 - than the
center portion of a cathode ray tube, the thickness of the four corner
portions can be 105 to 110 in rate which is thicker than that of the center
portion. Another enbodinents of the present invention will 5 be

descri bed schematically. A |liquid 54&odating nozzl e accordi ng to .
an enbodi ment of the present invention is characterized in that a plurality
of discharge holes are arranged l|linearly, and when the di scharge hole has a
|l ength Din a nozzle 10 sweep direction and a length d in a direction

perpendi cular to the_nozzle sweep direction and a liquid guiding sectjon
i nsi de the W%zIR°haLea Pendthf L emPoemenitsn of HO% CL%’L&HT erpr“]rp_L%?’s HJ‘é?rd,

dif D d. di h - i bed .
AR AR I Y S T

I qui 1S arged can pbe conpul sorl

regulated ipotyEeROZZLE SWRRR DI SSCL] OR: anll tihd N3 ALHARAAMERL L+ AoR! M S€
spattering p%enonenon canggﬁ re vediwhlcﬁ IS t%e pﬁgnonenoﬂeﬁhat t he
liquid is <the object to be coated in the size of the phosphor layer
5 forming aperture thereby achieving a uniformity (when the
patterning resist is used), and/or no color irregularity is
generated on the black matrix thereby improving the screen
resolution (when the black colorant containiﬁg liguid for
constituting the black matrix is coated), and/or the

10 thickness of the phosphor layer is uniformed thereby
achieving a good white balance and high luminance free from
color irregularity (when the phosphor suspension for
constituting the phosphor layer is coated) can Dbe
manufactured.

15 In the embodiments, as one example where the
thickness of the phosphor layer is more uniform than the
conventional one, in the conventional coating method, the
center portion of a glass panel 1is 100 while the four
corner portions (peripheral portions) thereof are 70 to 80

20 in rate which is less than that of the center portion. ©On
the other hand, in the embodiment, the center portion of a
glass panel is 100 while the four corner portions thereof
can be 95 to 100 in rate which is substantially equal to
that of the center portion. In some case, taking into

25 account a tendency that the peripheral portion 1is darker



di scharged in a direction perpendicular to the nozzle sweep 20

direction. A cathode ray tube manufacturing nethod according to an

enbodi ment of the present invention, is characterized in that is used a
liquid coating nozzle in which a plurality of discharge holes are arranged
linearly, when 25 the discharge hole has a length D in a
nozzl e sweep - 56 - direction and a length d in a direction

per pendi cular to the nozzle sweep direction and a liquid guiding section
inside the nozzle has a length L, a relation of 1 < L/D < 10 is held, and
if necessary, D > d, the nethod conprising 5 processes of: sweeping
the coating nozzle either in a-digection of a shorter side or in a
direction of a longer side of a glass panel, for exanple, the glass panel
of a cathode ray tube that is standstill; and thereby linearly coating the
coating materials for phosphor screen process 10 on a phosphor form ng
section (screen area) of the glass panel. According to the manufacturing
net hod, thetpamel Bheontcentyn f RELigy ofr eper @BFHOdeyr FYgeduPe, the
substantial Ly .horizontally. The substantial,parallelisn1$§Iative to the

15 hori 3 ness Lhethe ALY GRERSEnEOFAAONS (BHt Rer f82e 5% &1 4P

oo 20 el ] 6P LI o Pl o L d o) 20 plpen >

tangential line at th%ﬁ@%ﬂé?(éﬂbodiments of the present invention will
5 | be described schematically.

A liquid coating nozzle according to an
embodiment of the present invention is characterized in
that a plurality of discharge holes are arranged linearly,
~and when the discharge hole has a length D in a nozzle

10 sweep direction and a length d in a direction perpendicular
to the nozzle sweep direction and a liquid guiding section
inside the nozzle has a length L, a relation of 1 < L/D <
10 is held, and if necessary, D > 4.

According to the above-described nozzle, the

15 direction in which a coating liquid is discharged can be
compulsorily regulated in the nozzle sweep direction. With
this arrangement, a sidewise spattering phenomenon can be
removed which is the phenomenon that +the liquid is
discharged in a direction perpendicular to the nozzle sweep

20 direction.

A cathode ray tube manufacturing method according
to an embodiment of the present invention, is characterized
in that is wused a 1liquid coating nozzle in which a
plurality of discharge holes are arranged 1linearly, when

25 the discharge hole has a length D in a nozzle sweep



the_ portion of curvature is parallel to the horizontal 20 axi s.
According to the manufacturing nethod, in a case where, for exanple, a
phosphor suspension (slurry) is coated in the above coating process, in
additional to the process, the nmethod conprises a process of spreading a 25
slurry on an entire surface of the phosphor surface formng - 57 -
section of the panel while nmaking the panel have a gl ass panel rotating
speed of 30 to 60 rpm and a process of discharging a superfluous slurry
while setting the glass panel rotating speed at 50 to 150 rpm and setting a
glass 5 panel tilt angle O at 95 to 115 degrees relative to the
horizontal axis; and a process of dryipg_.a phosphor filmwhile setting the
gl ass panel rotating speed at 10 to 150 rpm the processes being sequenti al
in the order of the coating process, the spreadi ng process, the discharging
10 process, and the drying process, preferably. According to the

manuf acturing nmet hod, a phosphor surface of which coating pattern has a

uni f or m quakiitnectamrbeandplacnkegch atl airhi ghetidentelgn apdraehidghulam nance
cathode ray tube can_be supplied. 15 ' A@cording_ to the

manuf act uri f§e nBPRBES SWeeR s direrddan eanfata t RdIpAds plivtdEng f ssCHirmi ng
section of the panel has a congletely flat shape. By the nethod, a %Pod
phosphor surfECEScamDenPeFhRdPRA thel ! ebel § fed@tion of 1 < L/D <

10 is held, and if necessary, D > d, the method comprising

5 processes of: sweeping the coating nozzle either in a
direction of a shorter side or in a direction of a longer
side of a glass panel, for example, the glass panel of a
cathode ray tube that is standstill; and thereby linearly
coating the coating materials for phosphor screen process

10 on a phosphor forming section (screen area) of the glass
panel.

According to the manufacturiné method, the pahel
Eront surface is preferably arranged substantially
horizontally. The substantial parallelism relative to the

15 horizontal axis means that when the panel front surface is
a flat surface, the flat surface portion is parallel to the
horizontal axis. When the panel front surface has a
curvature, it means that a tangential line at the vertex of
the portion of curvature is parallel to the horizontal

20 axis.

According to the manufacturing method, in a case
where, for example, a phosphor suspension (slurry) is
coated in the above coating process, in additional to the
process, the method comprises a process of spreading a

25 slurry on an entire surface of the phosphor surface forming



shaped panel that can prevent an irregular reflection due 20  to

external light. These enbodinents are specifically described based on
the drawings as follows. A thirteenth enbodi mrent of the present invention
will be described belowwith reference to the draw ngs. 25 Figs. 22A,
22B, and 22C show a view of three sides of the - 58 - coating nozzle of
the thirteenth enbodi nent of the present invention. In Figs. 22A, 22B,
and 22C, 101 denotes a coating nozzle, 10la a coating nozzle body and
101b a di scharge section. The reference nunmeral 102 denotes 5

di scharge holes arranged linearly at the di scharge section 101b. A slurry

is coated linearly on a glass panel. iggner space through the discharge holes

102. Further, L denotes the length of a discharge |iquid guiding section,

D denotes the length of the discharge hole in the direction of sweep 10

of the nozzle, and d denotes the length of the discharge hole in the

w dt hwi se direction. The lengths L, D and d satisfy the relations of the

followi ng tgecexpness otise Paned iwhile Imakin® [tdrer ]pdQel5have a glass

By specifying the lengths L, D and d as expressed by the above rel ational

expr essi onspanhd diowating speedi chf a30cob®i ®§ IPHuUi Bnd s RERFaFHedT can

be conpulsorilg ) . i
discharging a superfluous slurry while setting the glass
panel rotating speed at 50 to 150 rpm and setting a glass

5 panel tilt angle # at 95 to 115 degrees relative to the

horizontal axis; and a process of drying a phosphor film
while setting the glass panel rotating speed at 10 to 150
rpmz the processes being sequential in the order of the
coating process, the spreading process, the discharging

10 process, and the drying process, preferably.

According to the manufacturing method, a phosphor
surface of which coating pattern has a uniform ‘quality can
be implemented at a higher level, and a high-luminance
cathode ray tube can be supplied.

15 According to the manufacturing method, it is
preferable that the phosphor surface forming section of the
panel has a completely flat shape. By the method, a good
phosphor surface can be formed in the completely flat
shaped panel that can prevent an irregular reflection due

20 to external light.

These embodiments are specifically described
based on the drawings as follows.

A thirteenth embodiment of the present invention

will be described below with reference to the drawings.

25 Figs. 22A, 22B, and 22C show a view of three sides of the



regulated in the nozzle sweep direction. Wth this arrangenent, a
si dewi se spattering phenonenon can be 20 r enoved. The sidew se
spattering phenomenon is the phenonenon that the liquid is discharged in
a direction perpendicular to the nozzle sweep direction. Wen the
aforenentioned rel ati onal expressions are not satisfied, or, for exanple,
when D < d, in sone 25 case, it is possible that the discharge of
liquid in the - 59 - sweep direction is regulated, so that the bending
of the liquid in the widthwi se direction is disadvantageously pronoted.
Wen 1 [err] L/D, the Iliquid discharging state depends significantly on
t he shape of the discharge hole. 5- 58 When L/D > 10, a nozzle processing
accuracy such as the surface finishing of the discharge |iquid guiding

section eventually influences the discharge of |iquid. For the above
reasons, the discharge of liquid is suppressed depending on the processing
accuracy. When the pressing 10 force for pressing out the liquid from
t he nozzl e G@%¥ng | BPgELei of §%cfés%%??e$5hp95%0@én§ it WHER BRTESEHEr

ity. . Thergef , tical U ble that 3
(7D Tert] EmPTEgara (3R hECEr zo 4R T na 2 scRRFbeshor o aih ALTees
di stance betygen adiacento halgs, othey,cang Prefesabl yoads 4A598 @S, a

possi bl e taking the prevent!on pl uggrng e convenf ence of
Mai Nt enancey i 0. £98si deEatbAN. I trhé tPebErence numeral 102 denotes

5 discharge holes arranged linearly at the discharge section
101b. A slurry is coated linearly on a glass panel inner
space through the discharge holes 102. Further, L denotes
the length of a discharge liquid guiding section, D denotes
the length of the discharge hole in the direction of sweep

10 of the nozzle, and d denotes the length of the discharge
hole in the widthwise direction. The lengths L, D and d

satisfy the relations of the following two expressions.

D > 4
1< L/D < 10
15 By specifying the lengths L, D and d as expressed
by the above relational_expressions, the direction in which
a coating 1liquid is discharged can be compulsorily
regulated in the nozzle sweep direction. With this
arrangement, a sidewise spattering phenomenon can be
20 removed. The sidewise spattering phenomenon is the
phenomenon that the 1liquid is discharged. in a direction
perpendicular to the nozzle sweep direction.
When the aforementioned relational expressions
are not satisfied, or, for example, when D < d, in some

25 case, 1t 1is possible that the discharge of 1liquid in the



noted that they are required to be adjusted depending on the size of the
cat hode ray tube to be manufactured. 20 ' The construction of
the thirteenth enbodi nent can be applied to the nozzle in Fig. 16 and the
nozzl es of the enbodinents. Fig. 23 is a schematic view showing a slurry
coating nethod of a fourteenth enbodi rent of the present 25 i nvention.
In Fig. 23, 103 denotes a gl ass panel, 104 a - 60 - vertical axis, 105
a slurry and 106 a gl ass panel inner surface. The coating nozzle 101 is-
the sane as the one shown in Figs. 22A, 22B, and 22C. In order to forma
phosphor surface on the panel 5 i nner surface 106, adjustnent of
slurry to be coated is perforned firgd. -The adjustnent of the slurry is
performed by m xing, for exanple, a green phosphor, a polyvinyl alcohol
resin, ammoni um bi chromate, a surface active agent, an anti-foam ng agent
and water. The above materials are 10 m xed together by wusing a
propeller type mxer and thereafter dispersed for a specified tine by
usi ng a di speaefer dinesdens ilsd aaavhrtatbi & okBRE &N® RRBALBTarE fHReher
incorporated into the adjusted slurry, so that the, F1$en§ét%nof the slurry
i s adj ust ed-¥Bt*¢ hetpr ovi%i oH- VG direatithg &7 urtyza YRR LY
| ncr ease the adhesive fapeg of the pRospholy 1HG.ThUraY<PRY-fEn§uPLESLET tO
a ball mlll$g process.

depends significantly on the shape of the discharge hole.

5 When L/D > 10, a nozzle processing accuracy such as the
surface finishing of the discharge liguid guiding section
eventually influences the discharge of 1liquid. For the
above reasons, the discharge of 1liquid is suppressed
depending on the processing accuracy. When the pressing

10 force for pressing out the liquid from the nozzle is too
large, it is necessary to provide a pump with a larger
capacity. Therefore, in practical use, it is preferable

that 3 < L/D < 8.
In regard to the size of the discharge hole and a

15 distance between adjacent holés, they are preferably as
large as possible taking the prevention of plugging and the
convenience of maintenance into consideration. It is to be
noted that they are required to be adjusted depending on
the size of the cathode ray tube to be manufactured.

20 The construction of the thirteenth embodiment can
be applied to the nozzle in Fig. 16 and the nozzles of the
embodiments.

Fig. 23 1is a schematic view showing a slurry
coating method of a fourteenth embodiment of the present

25 invention. In Fig. 23, 103 denotes a glass panel, 104 a



Processes to the formati on of a phosphor surface will be described

i ndependently of the coating process, the 20 spreadi ng process, the

di schargi ng process and the drying process. (a) Coating process First, the
slurry 105 adjusted as descri bed above is coated on the panel inner surface
106 by using the 25 coating nozzle 101 as shown in Fig. 23. On the
panel i nner - 61 - surface 106 has been preparatorily formed a bl ack
matrix. This coating is performed by sweeping the coating nozzle 101 in a
direction indicated by an arrow 107 at a specified discharge rate and a
speci fied sweepi ng speed. The glass 5 panel 103 in the stage of
coating is arranged horizontally. ¥hab i-s, as the nozzle 4 and the gl ass
panel 2 in Fig. 18, the front surface of the glass panel 103 is arranged
substantially parallel to the horizontal axis. The substantial parallelism
relative to the 10 hori zontal axis neans that when the panel front
surface is a flat surface, the flat_surface portion is parallel to the

hori zont al V%ﬁﬁkcal MRS 182 azﬁ%ﬂr~¥réM@ 06 f &cedlAnS REnek vanpes, it

nmeans. t hat ent i i ne t the ver t.he rtion of curvature is
par al | el 05'\%)%195' of i zgﬁf Al Cfg +ng aBHZSZf rlesadl‘p'ﬁﬁ protesESWEie t RBe

coating Of des! BRT¥:1405 ssacospreteds oaoc,

In order to form a phosphor surface on the panel
5 inner surface 106, adjustment of slurry to be coated is
performed first. The adjustment of the slurry is performed
by mixing, for example, a green phosphor, a polyvinyl
alcShol resin, ammonium bichromate, a surface active agent,
.an anti-foaming agent and water. The above materials are
10 mixed together by using a propeller +type mixer and
thereafter dispersed for a specified time by wusing a
disperser. A specified ammonium bichromate and ammonia are
further incorporated into the adjusted slurry, so that the
PH density of the slurry is adjusted for the provision of a
15 ' coating slurry. In order to increase the adhesive force of
the phosphor, the slurrylmay be subjected to a ball milling

process.
Processes to the formation of a phosphor surface
will be described independently of the coating process, the
20 spreading process, the discharging process and the drying

process.

(a) Coating process

First, the slurry 105 adjusted as described above
is coated on the panel inner surface 106 by wusing the

25 coating nozzle 101 as shown in Fig. 23. On the panel inner



the rotating speed of the glass panel 103 (abbreviated to a gl ass panel
rotati ng speed hereinafter) about the vertical 20 axis 102 is set to 30
to 60 rpm Wth this arrangenent, the slurry 105 is conpul sorily spread
on the effective surface of the panel inner surface 106, thereby all ow ng
the liquid to be prevented fromflow ng back to the center portion of the
panel inner surface 106 and all owi ng the 25 nonuni formty of the
coating pattern between the center - 62 - portion and the peripheral
portion of the panel inner surface 106 to be reduced. Thi s spreading
process may be perfornmed with the glass panel maintained in substantially
parallel with the horizontal axis |J the above coating 5 pr ocess.

In order to pronote sufficient precipitation of phosphor particles and
reduce a difference between the central portion and the peripheral portion
of the glass panel in particle filling property as | ess as possible, the
spreadi ng process can be perforned while the glass panel is 10 properly
tilted at aswrfatei ngeanpe beehheoufmsstpanely Wibptheds anoblbéakgeratirtian 45
degrees. The arrangenent that the panel rotating speed is set to 30 to 60
rpmis for Thksr E&@adrinhsifoldsiprned o t$edhrd tHeat FPRtspeeddzZ Iwer

than 30 rpn1 t he poured 15, Sslurry 105 disadvantageouslﬁ %gthers,tp t he
center portt®h o 2t Aerephion indisatedBack” aueovY LddsPig® £P&DHt4%HY
nonuniforniéy. When th paq;l rotati.ng speed is higper

schargé rate "'and a specirfied sweeping spéed. The glass

5 panel 103 in the stage of coating is arranged horizontally.
That is, as the nozzle 4 and the glass panel 2 in Fig. 18,
the <front surface of the glass panel 103 is arranged
sub;tantially parallel to the horizontal axis.

The substantial parallelism relative +to the
10 horizontal axis means that when the panel front surface is
a flat surface, the flat surface portion is parallel to the
horizontal axis. When the panel front surface has a
curvature, it means that a tangential line at the vertex of
the portion of curvature 1is parallel to the horizontal

15 axis.

(b) Spreading process

When the coating of the slurry 105 is completed,
the rotating speed of the glass panel 103 (abbreviated to a
glass panel rotating speed hereinafter) about the vertical
20 axis 102 is set to 30 to 60 rpm. With this arrangement,
the slurry 105 1is compulsorily spread on the effective
surface of the panel inner surface 106, thereby allowing
the liquid to be prevented from flowing back to the center
portion of the panel inner surface 106 and allowing the-

25 nonuniformity of the coating pattern between the center



than 60 rpm the poured slurry 105 tries to spread on the entire surface of
t he panel inner surface 106 wth a 20 stronger force as a consequence
of the increase of the centrifugal force due to the increase of the
rotati ng speed. For this reason, the slurry 105 intensely collides with a
wal | surface 103a of the panel inner surface 106 in the peripheral portion
of the panel inner surface 106. - 63 - Mnute bubbles are generated due
to this collision, and the bubbles are di sadvantageously |left on the inner
surface. (c) Discharging process Next, as the glass panel 2 in Fig. 19, the
panel 5 rotating speed is increased to a rotating speed higher than
that of the aforenentioned coating process, and the glass panel 103 is
tilted relative to the horizontal axis. Wth this arrangenent, the slurry
105 that is superfluously left in the peripheral portion of the panel inner
surface 106 is 10 shaken off to be discharged out of the glass panel
103. In this discharging stage, the panel rotating speed is preferably 50
rpmto 150 pprtionThasdi sther péeipleasahs mscfdbhowst SiNeen gare X otiatridiy
speed is lower than 50 rpm disadvantageously the liquid flows back onto
the 15 FRERCE e taubPpac@dur@E - frBhis| sPragaling spréoeses ory thee
boundary portion between the effective surface and wall surface of the
panel innerp§’6%f°§cu,‘§d10‘6“ilb EhRaPfiaSEnPEaGT Tl prdteed &P SHosdaditig e

tilt angle_ggrggieqlqﬁftga%gg horizontal axis 1like the above coating

5] process. In order to promote sufficient precipitation of
phosphor particles and reduce a difference between the
central portion and the peripheral portion of the glass
panél in particle filling property as less as possible, the
spreading process can be performed while the glass panel is

10 properly tilted at any tilting angle of the glass panel
which is not larger than 45 degrees.

The arrangement that the panel rotating speed is

set to 30 to 60 rpm is for the reasons as follows. When

the panel rotating speed is lower than 30 rpm, the poured

15 slurry 105 disadvantageously gathers to the center portion
of the panel inner surface 106, causing a coating
nonuniformity. When the panel rotating speed is higher

than 60 rpm, the poured slurry 105 tries to spread on the
entire surface of the panel inner surface 106 with a
20 stronger force as a consequence of the increase of the
centrifugal force due to the increase of the rotating
speed. For this reason, the slurry 105 intensely collides
with a wall surface 103a of the panel inner surface 106 in

the peripheral portion of the panel inner surface 106.



103 from zero degree. Conversely, when the panel rotating 20 speed
is higher than 150 rpm a coating nonuniformty disadvantageously
occurs radially fromthe center portion to the peripheral portion of the
panel inner surface 106. The tilt. angle of the glass panel 103 is nade
identical also in the drying process described as follows. 25 In
concrete, the angle is preferably 95 to 115 degrees - 64 - relative
to the horizontal axis. This is for the reasons as follows. Wen the tilt.
angl e of the glass panel 103 is smaller than 95 degrees,
di sadvant ageously a drying nonuniformty occurs in the peripheral portion
of the panel 5 inner surface 1Q6 .ar the slurry 105 flows back onto the
panel inner surface 106 fromits wall surface. Conversely, when the tilt
angl e of the glass panel 103 is greater than 115 degr ees, the drying
nonuni formty becomes nore significant. 10 (d) Drying process
Next, the panel rotating speed is reduced while keeping the tilt angle of
t he gl ass paimhté0Bubbleke azkogemenhitede dluaitst hialt §s ngolpisedess. and lthe
this state, bg externally heating the glass panel 103 by an infrared
panel 15 bubeiegrargsdéhadyanfapaorsgy legk orhd&hghogyiesr sswrfaes. is
dried. In this stage, .a het blast may be bl own on the panel inner
surface 106 at néEb HSSHBFEFBH PEOFRESheati ng by the heater. By this
operatloh, the time k%ﬂ%hr%% K%E glass panel 2 in Fig. 19, the panel
5 rotating speed is increased to a rotating speed higher than
that of the aforementioned coating process, and the glass
panel 103 is tilted relative to the horizontal axis. With
this arrangement, the slurry 105 that is superfluously left.
.in the peripheral portion of the panel inner surface 106 is
10 shaken off to be discharged out of the glass panel 103.

In this discharging stage, the panel rotating
speed is preferably 50 rpm to 150 rpm. - This is for the
reasons as follows. When the rotating speed is lower than
50 rpm, disadvantageously the liquid flows back onto the

15 panel inner surface 106 from its wall surface or the
boundary portion between the effective surface and wall
surface of the panel inner surface 106 is smeared through
the process of increasing the tilt angle of the glass panel
103 from zero degree. Conversely, when the panel rotating

20 speed 1is higher than 150 rpm, a coating nonuniformity
disadvantageously occurs radially from the center portion
to the peripheral portion of the panel inner surface 106.

The tilt angle of the glass panel 103 is made

identical also in the drying process described as follows.

25 In concrete, the angle is preferably 95 to 115 degrees



dryi ng can be reduced. 20 The panel rotating speed is

preferably as | ow as possible so long as the production tine permts.
Al t hough the case where the panel rotating speed is reduced bel ow t he
rotating speed in the aforenentioned di scharging process has been

descri bed, the present invention is not 25 limted to this. In
concrete, the panel rotating speed in - 65 - the drying stage is
preferably 10 rpmto 150 rpm Wthin this range, the drying state has no
probl em It is to be noted that the rotating speed is preferably nade

|l ower in the second and third coating stages for the purpose of 5

maki ng better the coating pattern af ghhe slurry 105. Wien the anmount of
pour of the slurry 105 is too rnuch, inclusion of bubbles or the Iike tends
to occur due to liquid spattering in the peripheral portion of the panel

i nner surface 106. Conversely, when it is little, the 10 effective
surface of the panel inner surface 106 cannot be sufficiently coated.

Ther ef ore, rébatixamyloe,thd nhohbzenszl ohxas4l chngbads pamel thi€@3reklsens
amount is preferably 7 to 30 cnferr]. It is to be noted that the present

i nvention i3S nbPlLeysi-r eded Pehe itdtedenglenps ithe gksorPeapeti hd035is

anmount of discharge, .the nozzl e sweeping speed, the panel _tilt angl e and
t he panel r%ﬁ%??ﬁg sﬁ%ﬁﬂ? TAP ouGPHKE Saf or BHERLYBREGIFPYESYses? a%EgéPHng

filmof the, g esneBPRIRYOLCLELOTIPLNN J% HASS RB0ELion of the panel

5 inner surface 106 or the slurry 105 flows back onto the
panel inner surface 106 from its wall surface. Conversely,
when the tilt angle of the glass panel 103 is greater than
115 degrees, the drying nonuniformity becomes more
significant.

10 (d) Drying process

Next, the panel rotating speed is reduced while
keeping the tilt angle of the glass panel 103 in the
aforementioned discharging process. In this state, by
externally heating the glass panel 103 by an infrared panel

15 heater (such as 99 in Fig. 19), the phosphor surface is
dried. In this stage, a hot blast may be blown on the
panel inner surface 106 at need in addition to the heating
by the heater. By this operation, the time required for
drying can be reduced.

20 The panel rotating speed is preferably as low as
possible so long as the production time permits. Although
the case where the panel rotating speed is reduced below -
the rotating speed 1in the aforementioned discharging
process has been described, the present invention is not

25 limited to this. 1In concrete, the panel rotating speed in



103. Next, the glass panel 103 is nounted with a shadow 20 mask (not
shown) and thereafter subjected to exposure to ultraviolet light and a
devel opi ng process, so that a green phosphor surface is produced. Thr ough
t he sane processes, a blue phosphor surface and a red phosphor surface can
be produced. - 66 - By subjecting the obtained phosphor surface
sanpl e to an alumnum film processing, thereafter incorporating
a shadow mask, a funnel, a nagnetic shield and so forth (not shown) into
it, enclosing an el ectron gun 5 (not shown) and discharging the gas,
a conplete tube is produced. It is to be noted that the phosphor form ng
portion of the panel inner surface_19g preferably has a conpletely flat
surface in the aforenentioned enbodi nent. 10 Wien the one which has
a conpletely flat surface, an irregular reflection due to externa
light can be prevented. (Exanples) Exanples of the present invention and
conparative 15 exanples wll be described belowwth reference to
t he drawi ngshe dryling e&ehe dasepretaralslpj aot inpp tdelsSobtagmed Yhobphor
surface sanple to the alum num film processing, thereafter incorporating a
shadow maskthisf gangk, &heagweting sHiatel hag 9@ fRFIANGWt o A, Ehckdskrg an
el ectron '
noted that the rotating speed is preferably made lower in
~the second and third coating stages for the purpose of
5 making better the coating pattern of the slurry 10S5.
When the amount of pour of the slurry 105 is too
much, inclusion of bubbles or the like tends to occur due
to liquid spattering in the peripheral portion of the panel
inner surface 106. Conversely, when it 1is 1little, the
10 effective surface of the panel inner surface 106 cannot be
sufficiently coated. Therefore, for example, in the case
of a 41 cm glass panel 103, the amount is preferably 7 to
30 cm’. It is to be noted that the present invention is
not required to be limited to this in relation to the
15 amount of discharge, the nozzle sweeping speed, the panel
tilt angle and the panel rotating speed.
Through the aforementioned processes, a coating
film of the green phosphor is formed on the glass panel
103. Next, the glass panel 103 is mounted with a shadow
20 mask (not shown) and thereafter subjected to exposure to
ultraviolet light and a developing process, so that a green
phosphor surface is produced. Through the same processes,

a blue phosphor surface and a red phosphor surface can be

produced.



20 gun and di scharging the gas, a conplete tube was produced. The
phosphor surface to be used in a cathode ray tube had a size of 41 cm

(Exanmpl e 1) - 67 - The coating nozzle used in this exanple 1 is the sane
as .that of the aforenentioned enbodi nent described with reference to Figs.
22A, 22B, and 22C. First, as the slurry 105 to be coated on the 5 panel

i nner surface 106, the following materials were used for the adjustnent of
the slurry 105. Green phosphor (produced by N chia Kagaku Kogyou): (25% by

wei ght) Pol yvi nyl al cohol resin: (2.5% by weight) 10

Anmoni um bi chr omat e: (0.25% by weight) Surface active agent:
(0.03% by weight) Anti-foam ng agentgg _ (0.02% by wei ght)

Wat er : (72.2% by wei ght) The above material s
were m xed together by using 15 a propeller type mxer and

thereafter dispersed for a specified time by using a disperser.
As the green phosphor, one which has a particle dianeter of 4 [err]m and
was obt ai ned by dopi By a ghbjestlifhgde thig h coppinedhi phosamhmss agunfiace
activator was used. As the gl ass panel 103, one 20, whi ch has a size
of 41 cm &3pWi&E t tEhsnidfnt an@dupingmy, afdla cdPetePindrat Fhaepatter

effective surface was, used. The .
incorporating a shadow mask, a funnel, a magnetic shield

~and so forth (not shown) into it, enclosing an electron gun

5 (not shown) and discharging the gas, a complete tube is
produced.

It is to be noted that the phosphor forming

por%ion of the panel inner surface 106 preferably has a

completely flat surface in the aforementioned embodiment.

10 When the one which has a completely flat surface, an

irregular reflection due to external 1light <can be

prevented.
(Examples)
Examples of the present invention and comparative
15 examples will be described below with reference to the
drawings. In each case, by subjecting the obtained

phosphor surface sample to the aluminum film processing,
thereafter incorporating a shadow mask, a funnel, a
magnetic shield and so forth into it, enclosing an electron

20 gun and discharging the gas, a complete tube was produced.
The phosphor surface to be used in a cathode ray tube had a
size of 41 cm.

(Example 1)



adjusted slurry 105 was further incorporated with a specified amoni um

bi chromate and anmonia, so that the pH density of the slurry 105 was
adjusted to 8 to 9 for the 25 provi sion of a coating slurry 105. -
68 - Next, the adjusted slurry 105 was coated on the panel inner surface
106 which has been already provided with a black matrix by using the
coating nozzle 101 shown in Figs. 22A, 22B, and 22C according to the nethod
shown in 5 Fig. 23 by a discharge amobunt of 25 cnferr] fromthe nozzle
at a nozzl e sweeping speed of 15 cnis. Si mul t aneously with the

af orenenti oned coating, the panel rotating speed was increased to 40 rpm so
that the slurry 105 was spread as far.ﬁs possi ble on the effective surface

of the panel inner 10 surface 106.° Next, the phosphor particles were
made to be sufficiently precipitated mnth the gl ass panel 103 kept
hori zont al . In the aforenmentioned stage of coating, the phosphor liquid

fromthe coating nozzle 101 was uniformy coated on the entire surface of

t he panel inner surfachelaling noddlwuiisepatiherdhig sécemsys. 1THhen, tHee
panel rotating speed was increased to 90 rpmso as to shake off the

super f | uoussaher rgs10Ghdtef ofi nthae goweingrerigied alerjmdinentof desepdres
inner surface 106 while tilting the glass panel 103 to an angle of 110 20
degr ees rel HitRereferwaceotiozdiosl- axPs aRd.diadcha%fe it out of the gl ass
panel 103. Furt her, the panel rotatln%
rst, as the slUrry 105 to be coated on the
5 panel inner surface 106, the following materials were used

for the adjustment of the slurry 105.
Green phosphor (produced by Nichia Kagaku Kogyou):

(25% by weight)

Polyvinyl alcoheol resin: (2.5% by weight)
10 Ammonium bichromate: (0.25% by weight)
Surface active agent: (0.03% by weight)
Anti-foaming agent: (0.02% by weight)
Water: (72.2% by weight) .

The above materials were mixed together by using

15 a propeller type mixer and thereafter dispersed for a
specified time by wusing a disperser. As the green
phosphor, one which has a particle diameter of 4 um and was
obtained by doping a zinc sulfide with copper which serves

as an activator was used. As the glass panel 103, one

20 which has a size of 41 cm, a panel transmittance of 52% and
a completely flat inner effective surface was used. The
adjusted slurry 105 was further incorporated with a
specified ammonium bichromate and. ammonia, so that the pH
density of the slurry 105 was adjusted to 8 to 9 for the

25 provision of a coating slurry 105.



speed was reduced to 30 rpmwhile keeping the tilt angle of the glass panel
103 at 110 degrees, so that the phosphor surface was dried externally by an
i nfrared panel heater. -69 Subsequently, a shadow nmask was nounted on

t he: gl ass panel 103 coated with the green phosphor, and thereafter

subj ected to exposure to ultraviolet |light and a devel opi ng process, so
that a green phosphor surface was 5 pr oduced. The stripe size of the
obt ai ned green phosphor was 65 [err]min the center portion and 67 [err]m
in the peripheral portion of the panel inner surface 106. No adhesi on of

t he green phosphor to the panel inner surface 106 was observed. Likew se, a
slurry 105 in which a blue phosphor having a 10 particle dianeter of 4
[err] m had been suspended was coat &d % the panel inner surface 106, so
that a bl ue phosphor surface was obtai ned. Further, for the third color,
a slurry 105 in which a red phosphor having a particle dianmeter of 5 [err]m
had been suspended was coated on the panel 15 i nner surface, so that a

red phosphor surface y@st Obkakhedsddeegt C1Rery 2P yhbe M PLhOFPAY. Was
68 [err]min the center portion and 69 [err]min the peripheral portion of

the panel ipmresl sumineee dQ6favhi | 2oé haisid paasi Z8eoh tHe-daty phesRiteavas
70 [err]min the center portion and 72 [err]min the 20 _peri pheral
portion of Wieh pandlacimeratsuif abg uklifg tHaecbktengnhozxll eohbsphetsowrhat
had adhered to the surface of the green phosphor were on the order of two
to three 1n Figs. 22A, 22B, and 22C according to the method shown in
5 Fig. 23 by a discharge amount of 25 cm® from the nozzle at
a nozzle sweeping speed of 15 cm/s. Simultaneously with
the aforementioned coating, the panel rotating speed was
incfeased to 40 rpm so that the slurry 105 was spread as
.far as possible on the effective surface of the panel inner
10 surface 106. Next, the phosphor particles were made to be
sufficiently precipitated with the glass panel 103 kept
horizontal. In the aforementioned stage of coating, the
phosphor liquid from the coating nozzle 101 was uniformly
coated on the entire surface of the panel inner surface 106
15 without spattering sideways.
Then, the panel rotating speed was increased to
90 rpm so as to shake off the superfluous slurry 105 left
in the panel peripheral portion of the panel inner surface
106 while tilting the glass panel 103 to an angle of 110
20 degrees relative to the horizontal axis and discharge it
out of the glass panel 103. Further, the panel rotating
speed was reduced to 30 rpm while keeping the tilt angle of
the glass panel 103 at 110 degrees, so that the phosphor

surface was dried externally by an infrared panel heater.



particles per length of 200 [err]m Al nost no red phosphor that had
adhered to the surface of the blue phosphor was 25 ~ observed. - 70 -

(Exanpl e 2) well i nea
According to Exanple 2, all the conditions were the sane as those of
Exanpl e 1 except for the arrangenent that the panel rotating speed

i medi ately after the pouring 5 of the slurry 105 through the coating
nozzle 101 was set to 50 rpm The stripe size of the obtained green
phosphor was 66 [err]min the center portion and 69 [err]min the

peri pheral portion of the panel inner surface 106. No adhesi on of the green
phosphor to the panel inner surface d96_was observed. 10 The stripe

si ze of the blue phosphor was 66 [err]min the center portion and 68
[err]min the peripheral portion of the panel inner surface 106, while the
stripe size of the red phosphor was 71 [err]min the center portion and 74
[err]min the peripheral portion of the panel inner surface 106. The 15
bl ue and red phosphorsutddmiudrad ygdher eshddow heasir feee oouwhedr esn the
phosphor were on the order of one to two particles per |ength of 200
[err]m Alasst meaned phdsphoratedt WathadbkBeedgreePhe PRRSPARE of 3B

bl ue phosphor was_ observed in the center portion_of the_panel, inner surface
20 106, EhaTPAERRN aFURIPETRE e WB¥ROBBER FRIVL AT EKE OpEri SLH&“% t3 on

of the pane&ex‘rerﬁ.noe;gir%”fp%%%eége,s' éoEX@gBl:e a3)qreen phosphor surface was

5 produced. The stripe size of the obtained green phosphor
was 65 um in the center portion and 67 um in the peripheral
portion of the panel inner surface 106. No adhesion of the
greén phosphor to the panel inner surface 106 was ébserved.
Likewise, a slurry 105 in which a blue phosphor having a

10 particle diameter of 4 pm had been suspended was coated on
the panel inner surface 106, so that a blue phosphor
surface was obtained. Further, for the third color, a
slurry 105 in which a red phosphor having a particle
diameter of 5 pm had been suspended was coated on the panél

15 inner surface, so that a red phosphor surface was obtained.
The stripe size of the blue phosphor was 68 um in the
center portion and 69 um in the peripheral portion of the
panel inner surface 106, while the stripe size of the red
phosphor was 70 um in the center portion and 72 pm in the

20 peripheral portion of the panel inner surface 106. The
blue and red phosphors that had adhered to the surface of
the green phosphor were on the order of two to three
particles per length of 200 um. Almost no red phosphor
that had adhered to the surface of the blue phosphor was

25 observed.



According to Exanple 3, all the conditions were the sane as those of
Exanple 1 except for the arrangenent 25 that the panel rotating speed
in the discharging stage of - 71 - the superfluous slurry 105 was set to
150 rpm The stripe size of the obtained green phosphor was 66 [err]min
the center portion and 69 [err]min the peripheral portion of the panel
inner surface 106. Alnost no adhesion of the green 5 phosphor
to the panel inner surface 106 was observed. The stripe size of the blue
phosphor was 70 [err]min the center portion and 71 [err]min the

peri pheral portion of the panel inner surface 106, while the stripe size of
the red phosphor was 70 [err]min th center portion and 74 [errlmin the
10 peri pheral portion of the paneP i nner surface 106. The bl ue and
red phosphors that had adhered to the surface of the green phosphor were on
the order of one to two particles per length of 200 [err]m Al nost no red
phosphor that had adhered to the surface of the bl ue phosphor was 15
observed in the ceximplgeoz}ion of the panel inner surface 106, and several
particles were observed in the peripheral portion of the panel inner
surface 106. (Exanpl eAd¥orgtng diteg BarixeerpRe 4llal thehewuhidiidoronswaeee 20
the sanme as those of Exanple 1 except for the arrangenent that the panel
rotating spees Fﬁm?h@%ﬂﬁﬁﬂﬁﬁg?ﬁgE§?&§é%ﬁlt?%F%BEe%PFwﬁH@S?EF??gﬁwsnﬁas

rpm and. t he
set to 90_ €5at the panel rotating speed immediately after the pouring

5 . of the slurry 105 through the coating nozzle 101 was set to

50 rpm. The stripe size of the obtained green phosphor was

66 pm in the center portion and 69 um in the peripheral

pogtion of the panel inner surface 106. No adhesion of the

. green phosphor to the panel inner surface 106 was observed.

10 The stripe size of the blue phosphor was 66 um in the

center portion and 68 pm in the peripheral portion of the

panel inner surface 106, while the stripe size of the red

phosphor was 71 um in the center portion and 74 um in the

peripheral portion of the panel inner surface 106. The

15 blue and red phosphors that had adhered to the surface of

the green phosphor were on the order of one to  two

particles per 1length of 200 um. Almost no red phosphor

that had adhered to the surface of the blue phosphor was

observed in the center portion of the panel inner surface

20 106, and several particles were observed in the peripheral
portion of the panel inner surface 106.

(Example 3)
According to Example 3, all the conditions were
the same as those of Example 1 except for the arrangement

25 that the panel rotating speed in the discharging stage of



rotating speed in the subsequent drying stage was set to 90 rpm The stripe
si ze of the obtained green phosphor was 67 25 [err]m in the center
portion and 69 [err]m in the peripheral - 72 - eh portion of the
panel inner surface 106. Al nost no adhesion of the green phosphor to the
panel inner surface 106 was observed. The stripe size of the blue
phosphor was 69 [err]min the center portion and 71 [err]min the

peri pheral portion 5 of the panel inner surface 106, while the stripe
size of the red phosphor was 70 [err]min the center portion and 73 [err]m
in the peripheral portion of the panel inner surface 106. The blue and red
phosphors that had adhered to the su;%ace of the green phosphor were on the
order of one to two 10 particles | ength of 200 [err]m Al nost no
red phosphor that had adhered to the surface of the blue phosphor was
observed in the center portion of the panel inner surface 106, and several
particles were observed in the peripheral portion of the panel inner

surface 10@hel%uperfluous (£napayatbge vaxangde 49 Asoorgmng tTh<Cospaipdi ve
Exanple 1, all the conditions were the sanme as those of Exanple 1 except
for the asiaegetferihe tdlstaindd® gpeerl phoepabrngassp@edim figr thdecenter
precipitation of the phosphor was set to 15 rpm The 20 stripe
si ze of th@QNﬁkﬂnmﬁm@réénlﬁhospmﬁhWWBesgpPéFﬁPmHQ¥Q#RPc@ﬁté&%xﬂ@?%h and

66[err]m|nthe perltp her al dportlon of the ,
inner surfac Almost no adhesion of the green

S phosphor to the panel inner surface 106 was observed. The
stripe size of the blue phosphor was 70 pm in the center
portion and 71 pgm in the peripheral portion of the panel
inﬂer surface 106, while the stripe -size of the red

. phosphor was 70 pm in the center portion and 74 pum in the

10 peripheral portion of the panel inner surface 106. The

blue .and red phosphors that had adhered to the surface of

the green phosphor were on the order of one to two

particles per length of 200 um. Almost no red phosphor

that had adhered to the surface of the blue phosphor was

15 observed in the center portion of the panel inner surface

106, and several particles were observed in the peripheral
portion of the panel inner surface 106.

(Example 4)

According to Example 4, all the conditions were

20 the same as those of Example 1 except for the arrangement

that the panel rotating speed in the discharging stage of

the superfluous slurry 105 was set to 90 rpm and the

rotating speed in the subsequent drying stage was set to 90

rpm. The stripe size of the obtained green phosphor was 67

25 pm in the center portion and 69 um in the peripheral



panel inner surface 106. Adhesion of about 10 green phosphor
particles to the black matri x was observed within the range in | ength of
200 [err]mon the entire surface of the 25 panel inner surface 106.
- %3 - Furthernore, a coating nonuniformty occurring radially fromthe
center portion to the peripheral portion of the panel inner surface 106 as
shown in Fig. 24 was observed on the panel inner surface 106 after the
green 5 slurry had been dried. The stripe size of the blue
phosphor was 70 [err]min the center portion and 68 [err]min the
peri pheral portion of the panel inner surface 106, while the stripe size of
the red phosphor was 76 [err]min thescenter portion and 71 [err]min the
peri pheral portion of the panel 10 i nner surface 106. The bl ue and
red phosphors that had adhered to the surface of the green phosphor were on
the order of several particles per length of 200 [err]m However,
limtless nunbers of red phosphors that had adhered to the surface of the
bl ue phospiArteer obsthecdavalt hanent snefase 106syr fAakeodt nheaghasiobnner
surface 106. (Conparative Exanple 2) According_to Conparative Exanple 2,
Bhe & 610%

al| the corRfi t FBRs GG t RBOSBRBT ad ™ kR BRNEXanplteh EREERE h¥as
R TR R e T S o )
shown inIﬁﬁﬁ'tgéAcéﬁﬂériﬁ%ktion and 71 um in the peripheral portion
| 5 of the panel inner surface 106, while the stripe size of
the red phosphor was 70 pum in the center portion and 73 pum
in the peripheral portion of the panel inner surface 106.
Thé blue and red phosphors that had adhered to the surface
of the green phosphor were on the order of one to two
10 particles per 1length of 200 um. Almost no red phosphor
that had adhered to the surfacé of the blue phosphor was
observed in the center portion of the panel inner surface
106, and several particles were observed in the peripheral
portion of the panel inner surface 106.
15 (Comparative Example 1)

According to Comparative Example 1, all the
conditions were the same as those of Example 1 except for
the arrangement that the panel rotating speed for the
precipitation of the phosphor was set to 15 rpmn. The

20 . stripe size of the obtained green phosphor was 69 um in the
center portion and 66 um in the peripheral portion of the
panel inner surface 106. Adhesion of about 10 green
phosphor particles to the black matrix was observed within
the range in length of 200 pum on the entire surface of the

25 panel inner surface 106.



25C_has round holes 108 where the relation of D> d as in the

af orenenti oned enbodi nent is not satisfied. In this case, the slurry 105
di scharged fromthe coating nozzle 111 25 exhibited a partial

si dewi se spattering phenonenon, and - 74 - uncoated portions 110 and
110a (the reference nuneral 109 denotes a coated portion) were left on
the panel inner surface 106 as shown in Fig. 26, so that the entire
effective surface of the panel inner surface 106 was not 5 able to be
filled wwth the slurry 105 even through the subsequent panel rotating
process. (Conparative Exanple 3) According to Conparative Exanple 3, all
the conditions were the sane as thoseg,of. Exanple 1 except for 10 t he
arrangenent that the conventional “coating nozzle processed with the
hol es as shown in Figs. 25A, 25B, and 25C was used |ike the Conparative
Exanple 2 and the panel rotating speed in the discharging stage of the
superfluous slurry 105 was set to 150 rpm A radial coating 15
nonuni formty siml ar Fupthhemone, asashewatingFi gonud4 fwasmidlys e oweshrarinighe
panel inner surface 106. The results of measurenment and eval uati on of the
Exanpl es 1 r&dbaghy4 faem thhe Gormptemtbort Eranfoesthie t peplpheBadr @o3dwm i n
the Tabl e bel ow. 20 ) First, evaluation of the coating
pattern an®fpHdhbAredntdisat FBRELTRASSshbYh 2% TEBPEN1 We| §wd- 24 was

~observed on the panel inner surface 106 after the green
5 slurry had been dried. The stripe size of the blue
phosphor was 70 um in the center portion and 68 um in the
peripheral portion of the panel inner surface 106, while
the’stripe size of the red phosphor was 76 um in the center
portion and 71 um in the peripheral portion of the panel
10 inner surface 106. The blue and red phosphors that had
adhered to the surface of the green phosphor were on the
order of several particles per length of 200 ym. However,
limitless numbers of red phosphors that had adhered to the
surface of the blue phosphor were observed on the entire

15 surface of the panel inner surface 106.

(Comparative Example 2)

According to Comparative Example 2, all the
conditions were the same as those of Example 1 except for
the arrangement that a conventional coating nozzle 11
20 processed with holes as shown in Figs. 25A, 25B, and 25C
was used. The coating nozzle shown in Figs. 25A, 25B, and
25C has round holes 108 where the relation of D > d as in
the aforementioned embodiment is not satisfied. In this
case, the slurry 105 discharged from the coating nozzle 111

25 exhibited a partial sidewise spattering phenomenon, and



- 75 - Table 1 Coating B, RG R B G surface pattern Exanple

1 @] 2 to 3 0 0 Exanple 2 @) 1
to 2 0 0 Exanple 3 O 1to 2 0

05 Exanpl e 4 O - 1to 2 0 0 Conparative
Example 1 [err] 7 to 8 Count | ess 10 Conparative
Exanple 2 X - - - - - - - - -10

Conpar ati ve Exanple 3 [err] 10 to 18 Countl ess 5to81In
Table 1, the mark o indicates that the coating pattern is good, the mark
[err] indicates that the coating 15 pattern has a coating

nonuniformty, and the mark x +ndacates that an uncoated portion
exists. Further, B, R G shows the contam nation of the blue phosphor and
the red phosphor with the green phosphor surface, R B shows the

contam nation of the red phosphor with the blue phosphor - 76 - surface,

and the G surface jndicates the contam nation_ of
uncoated portions 110 and l11l0a (the reference numeral 109

denotes a coated portion) were left on the panel inner
surface 106 as shown in Fig. 26, so that the entire
effective surface of the panel inner surface 106 was not
5 able to be filled with the slurry 105 even through the
subsequent panel rotating process.
(Comparative Example 3)
According to Cémparative Example 3, all the
conditions were the same as those of Example 1 except for
10 the arrangement that the conventional coating nozzle
processed with the holes as shown in Figs. 25A, 25B, and
25C was used like the Comparative Example 2 and the panel
rotating speed in the discharging stage -of the superfluous
slurry 105 was set to 150 rpm. A radial coating
15 nonuniformity similar to the one as shown in Fig. 24 was
observed on the panel inner surface 106.
The results of measurement and evaluation of the
Examples 1 through 4 and the Comparative Examples 1 through
3 are shown in the Table below.
20 First, evaluation of the coating pattern and

phosphor contamination is shown in Table 1 below.



the green phosphor with the panel inner surface 106. Each nuneric value in
the table indicates the anount of adhering particles of the other phosphors
per 200 [err]m 5 As is understood from Table 1, in contrast
to the fact that each of Conparative Exanples 1 through 3 has a defect in
the coating pattern, each of Exanples 1 through 4 is good. Next, eval uation

of the conplete tubes is shown 10 I n Table 2 bel ow - 77 - Table 2
Rel ative |um nance (% R B G W Exanpl e 1

112 109 137 119 Exanple 2 106 111
138 118 Exanple 3 103 107 136 115 5
Exanpl e 4 115 110 75 - 137 121 Conparative
Exanmple 1 100 100 100 100 Conparative
Exanmpl e 2 - - - - - - -10

Conpar ati ve Exanple 3 79 87 92 87 In
Table 2, Rindicates a red single-color |Iumnance, B indicates a blue

singl e-col or lum nance, G indicates a green single-color |umnance and W
I ndi cat es

Table 1
Coating B, R/G R/B G surface
pattern
Example 1 0 2 to 3 0 0]
Example 2 O 1 to 2 0 0
Example 3 ) 1 to 2 0 0]
5 Example 4 0 1 to 2 0 0
Comparative
Example 1 A 7 to 8 Countless 10
Comparative
Example 2 X - - - - - = - - -
10 Comparative
Example 3 A 10 to 18 | Countless 5 to 8

In Table 1, the mark O indicates that the coating

pattern is goodh the mark a4 indicates that +the coating

15 pattern has a coating nonuniformity, and the mark X
indicates that an uncoated portion exists. Further, B, R/G

shows the contamination of the blue phosphor and the red
phosphor with the green phosphor surface, R/B shows the

contamination of the red phosphor with the blue phosphor



15 _ a white lum nance, of which values are all relative to 100% of those
of Conparative Exanple 1. As is understood from Table 2, the |um nance

val ues of Exanples 1 through 4 each exceed those of Conparative Exanples 1
t hrough 3. - 78 - Although the 41 cmglass panel 103 is used in each of
t he Exanpl es of the present invention, the present inventionis not limted
to this.” For exanple, even in the case of another size, the present

i nvention can be 5 sufficiently applied by adjusting the anmount of

di scharge of the slurry 105 fromthe coating nozzle, the nozzle sweeping
speed and so forth. Furthernore, although the shape of the hol es processed
in the protruding section provided-atsthe nozzle 10 end portion 102 of
the nozzle 101 for coating the slurry 105 is hexagonal in each of the
Exanpl es of the present invention, the shape is not limted to the
hexagonal shape so long as the linear configuration of the discharge of the
liquid of the slurry 105 fromthe coating nozzle 101 can be 15 . assured.
Fur t her nor SLEf2ERugRnEhdeser SPrifafeof i ndhiecardddthentCeH AR RAT 191 t RE
filmformtjon b¥§usin the slurry 105, the present inventio no

n |
imted to UM sILERE SUCFRACE 10 Be CRARERSL LOREFnGIReRSS o &St or Each
phosphor ZQnume¥ﬁ8r$gEu8r?%e%ﬁecggkﬁg %ﬁd@@%éé!“%héL%$38§t°£ftQﬁh%kﬁ%%
panel of the cathode ray fube, for éxanplé, a pre-coallng
particles of the other phosphors per 200 um.
5 As is understood from Table 1, in contrast to the
fact that each of Comparative Examples 1 through 3 has a
defect in the coating pattern, each of Examples 1 through 4
is'good.
Next, evaluation of the complete tubes is shown

10 in Table 2 below.



liquid for pre-coating to inprove adhesive property and wettability of
a coating liquid, a patterning resist for form ng phosphor form ng
apertures, a graphite liquid for 25 formng a black matrix, a
phosphor suspension, and a - 79 - lacquer liquid for filmng can be
used. Additionally, the present invention can be sufficiently applied to
a case where phosphors having particles of various dianeters are used and
to a case where a pattern of phosphors is in a dot 5 or strip pattern..
As descri bed above, according to the liquid coating nozzle and cat hode ray
t ube manufacturing nethod of the present invention, by using the |inear
coating nozzle and optim zing the goggigg schedul e of phosphor screen 10
process, a phosphor surface of which'coating pattern has a uniformaquality
can be inplenented at a higher level, and a high-Ium nance cat hode ray
t ube can be supplied. Therefore, the present invention can
sufficiently cope with making finer and increasing of the size of displays
in 15 future, neaning that it is a very useful invention. The entire
di scl osure of Japanese Applications No. 8-33391 filed on February 21, 1996
and No. 8-271104 filed on Cctober 14, Ta®3€, 2i ncl udi ng specifications,

cl ai ns, dr?ngg§==ggg=;ggg%ries is incorporated herein by 20 reference
intheir entirety. Al though the pres&g&akgggn hggngggeb%gg fulTy
R B G W
Example 1 112 109 137 119
‘Example 2 106 111 138 118
Example 3 103 107 136 115
5 Example 4 115 110 137 121
Comparative
Example 1 100 100 100 100
Comparative
Example 2 - - - - - - - - - - - -
10 Comparative
Example 3 79 87 92 87
In Table 2, R indicates a red single-color

luminance, B indicates a blue single-color luminance,

G indicates a green single-~color luminance and W indicates

15 a white luminance, of which values are all relative to 100%
of those of Comparative Example 1. As 1is understood from

Table 2, the luminance values of Examples 1 through 4 each

exceed those of Comparative Examples 1 through 3.



described in connection with the preferred enbodi nents thereof wth
reference to the acconpanying drawings, it is to be noted that various
changes and nodi fications are 25 apparent to those skilled in the art.
Such changes and - 80 - nodifications are to be understood as included
wi thin the scope of the present invention as defined by the appended cl ai ns
unl ess they depart therefrom -81 - CLAI M 1. A liquid coating nozzle
in which a plurality of discharge holes (102) are arranged linearly, and
when the discharge hole has a length Din a nozzle sweep direction and a

| i quid guiding section inside the nozzle has a length L, a relation of 1 <
L/DJ[err] 1 0is held. 2. Aliquid pﬁaling nozzle as defined in Caiml,
wherein the length D of the discharge hole in the nozzle sweep direction is
| arger than the length d thereof in the direction perpendicular to the
nozzl e sweep direction. 3. A liquid coating nozzle as defined in Caim1l
or 2, wherein when the discharge hole has the length Din the nozzle sweep
direction and the |igwldthguioth ngheectl oonmi nglakest panmedzzle3hass t keedenith h
L, arelation of 3 [err] L/D[err] 8 is held. 4. A cathode ray tube

manuf act uri agchetdfodcier Exanplag eodattihey meeeentl snventpRosphdre seyesent
process on a glass panel (2) by using a liquid coating nozzle (101,124) in

whi ch a pl uFBVERF 160 disdifdr gelhbted §a0ohi84) EPE SePamgsd 19YRAarty, the

~case of another size, the present invention can be

S sufficiently applied by adjusting the amount of discharge

of the slurry 105 from the coating nozzle, the nozzle
sweeping speed and so forth.

Furthermore, although +the shape of the holes

.processed in the protruding section provided at the nozzle
10 end portion 102 of the nozzle 101 for coating the slurry

105 is hexagonal in each of the Examples of the present

invention, the shape is not limited to the hexagonal shape

so long as the linear configuration of the discharge of the

liquid of the slurry 105 from the coating nozzle 101 can be
15 assured.

Furthermore, although the description of the
embodiments relates to the film formation by using the
slurry 105, the present invention is not limited to this,
and a liquid to be coated as coating materials for phosphor

20 screen process coated on the inner surface of the glass
panel of the cathode ray tube, for example, a pre-coating
liquid for pre-coating to improve adhesive property and
wettability of a coating liquid, a patterning resist for
forming phosphor forming apertures, a graphite liquid for

25 forming a black matrix, a phosphor suspension, and a



when the discharge hold has a length Din a nozzle sweep direction and a

| i quid guiding section inside the nozzle has a length L, a relation of 1 <
L/D[err] 10 is held, the nmethod conprising: sweeping the coating nozzle
either in a direction of a shorter side or in a direction of a |onger side
of the glass panel; and thereby linearly coating the coating materials for
phosphor screen process on a screen area of the gl ass panel. 5. A
phosphor surface form ng nethod as defined in Claim4, wherein a front
surface of the glass panel is arranged substantially parallel to a

hori zontal axis in coating the |iquid. - 82 - 6. A cat hode ray tube
manuf acturing nmethod as defined in Jdaim4 or 5 1in addition to the
coating, further conprising: spreading the coating materials for phosphor
screen process on an entire surface of the screen area of the glass panel
whi | e maki ng the gl ass panel have a gl ass panel rotating speed of 30 to 60
rpmafter the coating; thereafter, discharging a superfluous coating

mat eri al s f daceiwesphbiqsid etor pEdEtriAgWRiahe eetudad). t hadglizd®npansl, the
rotating speed at 50 to 150 rpm and setting a glass panel tilt angle O at
95 to 115 deFesent efavensiro t¢an hbei zowfbichgntly armbrhieedafticera draseg a
phosphor filmwhile setting the glass panel rotating speed at 10 to 150
rpm 7.  AYESOfodRRPSRPeEPe PRYHBFaRAR T LRt REd REF R4S nédapatany ae of

lains 4 th 6 in th f the_ gl | h
Compl ot ol y FEAE SHihers g C=36 CHRHUIcH  B§C LoD NAnBlBEEDPEAG WetHbd Aot

defingd in apy Qus . of (al 4 through 7, wherein such a nozzle is used
that the length D fEFhe dﬁgcharge hole in the nozzle sweep direction is

larger than the lengthhd tdes@ofpdd) tdodlhf €C4EQBrding to the 1liquid
coating nozzle and cathode ray tube manufacturing method of
thé present invention, by using the 1linear coating nozzle
.and optimizing the coating schedule of phosphor screen
10 process, a phosphor surface of which coating pattern has a
uniform quality can be implemented at a higher level, and a
high-luminance cathode ray tube can be supplied.
Therefore, the present invention can sufficiently cope with
making finer and increasing of the size of displays in

15 future, meaning that it is a very useful invention.

The entire disclosure of Japanese Applications
No. 8-33391 filed on February 21, 1996 and No. 8-271104
filed on October 14, 1996, including specifications,
claims, drawings, and summaries is incorporated herein by

20 reference in their entirety.

Although the present invention has been fully
described in connection with the preferred embodiments
thereof with reference to the accompanying drawings, it is
to be noted that various changes and modifications are

25 apparent to those skilled in the art. Such changes and



per pendi cul ar to the nozzle sweep direction. 9. A cat hode ray tube

manuf acturing nmethod as defined in any one of Cains 4 through 8, wherein
such a nozzle is used that when the discharge hole has the length Din the
nozzl e sweep direction and the |iquid guiding section inside the nozzle has
the length L, a relation of 3 [err] L/D[err] 8 is held.

_80_

modifications are to be understood as included within the
scope of the present invention as defined by the appended

claims unless they depart therefrom.



-81-

e (DI

1. A liquid coating nozzle in which a plurality of discharge holes (102) are
.arranged linearly, and when the discharge hole has a length D in a nozzle sweep

direction and a liquid guiding section inside the nozzle has a length L, a relation of 1

<L/D <10 is held.

2. A liquid coating nozzle as defined in Claim 1, wherein the length D of the

discharge hole in the nozzle sweep direction is larger than the length d thereof in the

direction perpendicular to the nozzle sweep direction.

3. A liquid coating nozzle as defined in Claim 1 or 2, wherein when the discharge

hole has the length D in the nozzle sweep direction and the liquid guiding section

inside the nozzle has the length L, a relation of 3 < L/D < 8 is held.

4, A cathode ray tube manufacturing method for coating coating materials for
phosphor screen process on a glass panel (2) by using a liquid coating nozzle
(101,124) in which a plurality of discharge holes (102,164) are arranged linearly,
when the discharge hold has a length D in a nozzle sweep direction and a liquid
guiding section inside the nozzle has a length L, a relation of 1 < L/D < 10 is held,
the method comprising:

sweeping the coéting.nozzle either in a direction of a shorter side or in
a direction of a longer side of the glass panel; and

thereby linearly coating the coating materials for phosphor screen
process on a screen area of the glass panel.
5. A phosphor surface forming method as defined in Claim 4, wherein a front
surface of the glass panel is arranged substantially parallel to a horizontal axis in

coating the liquid.



-82-

6. A cathode ray tube manufacturing method as defined in Claim 4 or 5, ih
addition to the coating, further comprising:

spreading the coating materials for phosphor screen process on an entire
surface of the screen area of the glass panel while making the glass panel have a
glass panel rotating speed of 30 to 60 rpm after the coating;

the'reafter. discharging a superfluous coating materials for phosphor screen
process while setting the glass panel rotating speed at 50 to 150 rpm and setting a
glass panel tilt angle 6 at 95 to 115 degrees relative to the horizontal axis; and

thereatter, drying a phosphor fiilm while setting the glass panel rotating speed at
10 to 150 rpm.
7. A cathode ray tube manufacturing method as defined in any one of claims 4
through 6, wherein the screen area of the glass panel has a completely flat shape.
8. A cathode ray tube manufacturing method as defined in any one of Claims 4
through 7, wherein such a nozzie is used that the length D of the discharge hole in
the nozzle sweep direction is larger than the length d thereof in the direction
perpe_ndicular to the nozzle sweep direction.
9. A cathode ray tube manufacturing method as defined in any one of Claims 4
through 8, wherein such a nozzle is used that when the discharge hole has the
length D in the nozzle sweep direction and the liquid guiding section inside the

nozzle has the length L, a relation of 3 < L/D < 8 is held.

g



