Field of the Inventioh:

The present invention relates to a method of and
an apparatﬁs for manufacturing a cathode-ray tube.
Description of the Related Art:

The phosphor screens 6f color:cathodeéfay tubes
usually comprise a color phosphor screen of the so-called
black matrix type'which includes a black pattern serving as
light ébsorbing films interposed between phosphor stripes
(or dots) of red, green, and blue, for example. A metal
back layer comprising an aluminum film, for example, is dis-
posed on the color phosphor.screen. A conductive carbon
film for applying a high voltage to the metal back layer is
coated between the metal back layef and panellpins of metal
which support color selection electrodes on the inner sur-
face of the facepanel. The high voltage is applied succes-
sively to an anode button, a conductive.film_within the
" cathode-ray tube funnel, contacts extending from the color
selection électrodes, the color selection electrodes, the
panel pins, the conductive carbon film, and the metal back
layer-. - . -

One conventional process of maﬁufacturing a color
cathdde-ray tube having such a COlog\Qhosphor screeﬁ.is

. . . \
shown in FIG. 1 of the accompanying drawings. .
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The inner surface of the facepanel of a cathode-

ray tube is coated with a photosen51t1ve fllm of PVA
(polyv1ny1 alcohol), PVP (polyvinyl pyrrolldone), or the
like. After the coated photosensitive film is dried, it is
exposed to ultraviolet radiation using color selection eleé-
trodes as an optical mask ana then devéloped with ﬁater or
the like, forming stripes (or dots) of a resist layer in |
positions correéponding to respectiye_colors. Then, the
entire surface formed so far including the reéisﬁ-layer is

coated with a carbon slurry. After the coated carbon slurry'

. is dried, a reversal development process is carried out.

That is, a reversal agent such as of H,0, or the like is in-
troduced to well the resist layer, and the resist layer and
the carbon layer thereon are lifted off as by water washing
or the like, thus forming carbon films sefving asllight.ab-
sorbing films in a step 1.

Then, a green phosphor slurry is coated. After
the coated green phosphor slurry is driéd, it is exposed
through the color selection electrodes, and then developed
to form a green phosphor layet (phosphqr stripes or dots)
between prédetermined carbon films in a step 2.

Théreafter, the panel pins are cleaned to remove
any unwanted phosphor layer attached thereto in a step 3.
The pane1 pins may be cleaned by applying a showeér of water
to the panel pins,.immersing the panel pins in a chemical
solﬁtion such as of ammonium fluoride or the like (so-called

rinsing process), or physically scraping any unwanted phos-
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phor layer off the panel pins with a rotating sponge or

- brush while water is being supplied (so-called trimming
process).

Subsequenfly, a blue phosphor layer is formed in
a step 4, and the panel pins are cleaned in a stephs. Simi—
larly, a red phosphor layer is formed in a step 6, and the
panel pins are cleaned in a step 7. .A color phosphor screen
is now completed.

Then, in preparation for forming a metal back
layer; an intermediate film for pfoviding a flat surface is
coated on the colbr phosphor screen in a step 8. Thereaf-
ter, a metal back layer comprising an aluminum film is
formed on the intermediate film in a step 9.

| The panel pins are then coated with a conductive
carbon f£ilm which electricaliy connects the panel pins and
the metal back layer in a step 10.

Thereafter, with the color selection electrodes
mounted on the pahel pins, the facepanel is sealed to the
cathode-ray tube funnel with frit in a steé 11.

According to the conventional process of manufac-
. turing a color cathode-ray tube as shown in FIG. 1, the
cleaning steps 3, 5, 7 are carried out to remove any un-
wﬁnted phosphor layer from the panel pins after the respec-
tive phosphor layers of the colors are formed. ~ -

It has been found out that after the phosphor
screen is completed, debris is'produced when panel pins are

scraped upon attachment and detachment of color selection
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electrodes, and an unwanted conductive carbon layer attached

to panel pins subsequently falls as debris, causing a reduc-
tion in the ability of the cathode-ray tube to,wiﬁhstand the
high voltage.

If the panel pins are cleaned by immersing them
in a solution of ammonium fluoride, then not all phosphor
particles attached to the panel pins can be removed. If the
panei pins are cleaned by'physically scraping phosphor par-
ticles off the panel pins with a rotating brush or the like,
then the panel pins have to be cleaned one at a time because
of a limitation posed by the layout of the cleaning equip-
ment, and it takes time to clean four guide pins, resulting
in poor index. Furthermore, since the cleaning process re-
quires the pénel pins to be processed with wéter; it is dif-
ficult to clean a plurality of panelnpins, e.g., four panel
pins, at the same time due to mechanism complexities, and
the cleaning process using'water poses the problem of water
splashes.. |

SUMMARY OF THE INVENTION

It is therefore an object of the present inven-

tion to provide a method of manufacturing a cathode-ray tube

which is highly reliable by preventing the cathode-ray tube

from suffering a reduction in the ability to withstand a

high voltage due to debris félling from panel pins.

Another object of the present invention to pro-

"vide an apparatus for manufacturing a cathode-ray tube, the

[}
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apparatus having a cleaning device capable of cleaning a

plurality of panel pins simultaneously.

According to the piesent invention, there is pro-
vided a method of manufacturing a cathode-ray tube, compris-
ing the steps of forming a pﬁosphor layer on an inner sur-
-face of a facepanel, and thereafter, cleaning panel pins
which support color selection electrodes on the inner sur-
face of the facepanel immediately before the facepanel is
sealed to a cathode-ray tube funnel. |

In the above method, since the panel pins are
cleaned immediately before the facepanel is sealed to the
cathode-ray tube funnel, debris that is produced'when panél
pins are scraped upon attachment and detachment of color
selection electrodes, unwanted phosphor particlés, and an
unwanted cohductive carbon layer (carbon. particles) attached
to panel pins can be removed from the panel pins. Conse-
quently, the panel pins are free from the deposition of.dirt
or debris; and the cathode-ray tube which is manufactured is
prevented from suffering a reduction in the ability to with-
stand a high voltage.

According to the present invention, there is.also
provided an apparatus for manufacturing a cathode-ray tube,
comprising a plurality of as many pin cleaning members as
the number of panel pins on an innér surface of & facepanel,
a mechanism for moving the pin cleaning members toward and
away from the panel pins, respectively, the pin cleaning

members comprising respective covers having respective abut-
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ments on distal énds thereof for abutment against the inner
surféce of the facepénel and respective rotatable scraping
members disposed in the respective covers for contacting the
panel pins, respectively, and suction means for evacuating
the covers. |
'In the above apparatus, the pin cleaning members

are moved simultaneously into contact with the respective
panel pins by the toggle mechanism, and clean the respective
panel pins at the same time. The abutments on the distal
ends of the covers abut against the inner surface of the
facepanel, 1eaving a gap'béfween the co&ers and the inner
. surface of the facepanel. The'gap allows the covers to be
evacuated without fail by the suction means. Specifically,
the rotatable.scraping members scrape off unwanted debris
attached to surfaces of the panel pins, and the scraped-off
debris is drawn and diséharged frdm the covers by the suc-
tion means. Consequently, the panel pins are neatly cleaned
simultaneously by the pin cieaning members. The abutments
" are affective to hold the covers out of contact with a metal
back layer on the facepanel.
- BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing a conventional
_process of manufacturing a color cathode~ray tube;

FIG. 2 is a block diagram showing a pfocess of
manufacturing a color cathode-ray tube according to the pre-

sent invention:;
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FIG. 3 is a plan view of a cleaning device for

cleaning panel pins, of an apparatus for manufacturing a
color cathode-ray tube.accordihg to the present invention;

FIG. 4 is an enlargéd fragmentary side eleva-
tional of the cleaning device shown in FIG. 3;

FIG. 5 is an enlarged fragmentary side eleva-
tional of the cleaning device, showing the manner in which
the cleaniqg device operates;

FIG. 6. is an enlarged fragment%ry side eleva;
tional of the cleaning device, showing the manner in which
the cleaning device_operates; | |

FIG. 7 is a fragmentary cross-sectional view of a
cathode-ray tube which is being manﬁfactured according to
the present invention.

| DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

FIG. 2 shows a process of manufacturing a color
cathode-fay tube according to the present invention.

In the process of manufacturing a color cathode-
ray tube according to the present invention, the inner sur-
face of ﬁhe facepanel of a cathode-ray tube is coated with a
photosensitivé film of PVA (polyvinyl alcohol), PVP
(polyvinyl pyrrolidone), or the like. After the coated pho-
tosensitive film is dried, it is exposed to.ultraviolet ra-
diation using color selection electrodes as an optical mask,
i.e., as shown in FIG.-7, with color selection electrodes 16
mounted on panel pins 14 of metal within the facepanel 13 by

support’ springs 17 in confronting relation to the photosen-
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sitive film 15. Thereafter, the color selection electrodes

16 are removed, and the photosensitive film 15 is developed
with water or the like, forming stripes (or dots) of a re-
sist layer in positions corresponding to respective colors.
Then, the entire surface formed so far including the resist
layér is coated with a carbon slurry. After the coated car-
bon slufry is dried, a reversal development process is car-
ried out to-form a predetermined pattern of carbon films
serving as light absorbing films in a step 1. |

Then; a green phosphor slurry is coated. After
the coated greén phosphor slurry is dried, it ié expgéed
through the color selection electrodes, and then developed
to form a green phosphor layer (phosphor stripes.or dots)
‘between predetermined carbon films in a step 2. Thereafter,
the panel pins 14 are cleaned to remove any unwanted phds—
bhor layer attached thereto in a step 23.

Subsequently, a blue phosphor layer is formed in
a step 4, and the panel pins are cleaned in a étep 25.
Similarly,.a red phosphor layer.is formed in a step 6, and
the éaﬁel pins are cleaned_in a step 27. A color phosphor
screen is now completed.

Then, in preparation-for'forming a metal back
layer, an intermediate film for providing a flat surface is
coated on the color phosphor screen in a step 8.° Thereaﬁ—
ter, a metal back layer comprising an aluminum film is

formed on the intermediate film in a step 9.
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' The panel pins 14 are then coated with a conduc-

tive carbon film which eleétrically connects the panel pins
and the metal back layer in a step 10.

The panel pins 14 are cleaned by a cleaning de-
vice 31 (described latef on) in a step 28. _ |

Thereafter, with the color selection electrodes
mounted on the panel pins 14, the facepanel is sealed to the
cathode-ray tube funnel with frit in a step 11.

The cleaning device 31 is shown in FIGS. 3-
through 6.

As shown in FIG. 3, the cleaning device 31 com-
prises four pin cleaning members 32A, 32B, 32C, 32D for
.cleaning a plurality of panel pins within the facepanel 13,
i.e., four panel pins 14A, 14B, 14C, 14D for supporting the
color selection electrodes 16 in thié embodiment, and a tog-
gle mechanism 33 operatively coupled to the p;n cleaning
members 32A, 32B, 32C, 32D for moving the pin cleaning mem-
bers 32A, 32B, 32C, 32D toward and away from the correspond-
ing panel pins 14A, 14B, 14C, 14D simultaneously.

In FIGS. 4 through 6, each of the pin cleaning
members 32A, 32B, 32C, 32D is represented by a pin cleaning
member 32, and each of the panel pins 14A, 14B, 14C, 14D is
'represented by a panel pin 14. 1In FIG. 4, the pin cleaning
member 32 has a scraping member such as a rotatiﬁg.brush 35,
for exaﬁple, which can be rotated by a motor 34, a cover 36,
i.e., a chamber, covering the rotatiﬁg brush 35, and a suc-

tion device (not shown) connected through a hose 37 to the
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cover 36 for evacuating the cover 36 to cqllect dirt, de-

brls, and other foreign matter from the cover 36.

The cover 36 has an abutment 38 on its outer dis-
tal end for abutment against an inner surface 13a of the
facepanel 13 when the pin cléaning member 32 is moved toward
the panel pin 14. The abutment 38 serves to prov1de a gap
or clearance 39 (see FIG. 6) between the cover 36 and the
facepanel 13 when the abutment 38 abuts against the inner
surface 13a,- holding the cover 36 out of contact ‘with the
phosphor screen and a metal back layer 18 thereon.

As shown in FIG. 4, thelpin cleaning member 32 is
supported oﬁ a support 40 movably mounted on a movable base
41 for movement along an X- or Y-axis{ with a damper spring
42 acting between the support 40 and the movable base 41.
The support 40 has a slider 44 slidably guided by a guide
rail 43 on the mbvable base 41. a

. The movatle base 41 is movably mounted on a guide
'rail 45 which is disposed on a fixed base 46 and extends
along the X- or Y-axis.

The pin cleéning member 32 is movable in unison
with the ﬁovable base 41 along the X- or Y-axis toward the
panel pin 14. After the pin cleaning member 32 abuts
against the inner surface 13a of the facepanel 13a, forces
applied to move the pin cleaning member 32 toward the panel
pin 14 are absorbed by the spring 42.

As shown in FIG. 3, the toggle mechanism 33 has.

first and second cam plates 52, 53 rotatably mounted on a
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shaft 51 for rotation about the shaft 51, and a plurality of

toggle shafts 55A, 55B, 55C, 55D connected to the first and
second .cam plates 52, 53. Specifically, the toggle shaft
55A is operatively connected bétween‘an end 52a of the first
cam plate 52 and a shaft 56 mounted on the first pin clean-
ing member 32A, the toggle shéft'SSD is operatively con-
nected between an opposite end 52b 6f £he first cam plate 52
and a shaft 56 mounted on the fourth pin cleaning membef
32D. The toggle shaft-SSB is operatively connected between
an end 53a of the second cam plate 53 and a shaft 56 mounted
on the second pin cleaning member 32B, the toggle shaft 55C
is operatively connécted between an.dpposite end 53b of the
second cam plate 53 and a shaft 56 mounted on the third pin
cleaning member 32C. A first cylinder (not shown), for ex-
ample, is connected between the movable base 41 of the first
pin cleaning member 32A aﬂd the fixed base 46, and a second
cylinder (not shown), for example, is connected between the
movable base 41 of thé second pin cleaning1member 32B and
the fixed base 46. |
When the first cylinder is actuated, the first
, pin cleaning member 32a is-moved, causing the toggle shaft
55A to turn the first cam plate 52 about the shaft 51.ip the
‘direction indicated by the afrow A, or A,, whereupon the
fourth pin cleaning'member 32B connected to the toggle shaft
55D is moved. When the second cyiinder is actuated, the
second pin.clganing member 32B is moved, causing the toggle

shaft 55B to turn the second cam plate 53 about the shaft 51
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in the direction indicated by the arrow B, or B,, whereupon

the third pin cleaning mémber 32C connected to the toggle
shaft 55C is moved. The four pin cleaning'membefs 32#, 328,
32C, 32D are now mbved toward or away from the corresponding
guide pins 41A, 14B, 14C, 14D simultaneously along the X-
and Y-axes.

Operation of the cleaning device 31 will be de-
scribed below.

The facepanel 13 is positioned in a cleaning po-
"sition by positioning means 60 shown in FIG. 2 with respect
to the X- and Y-axes such that the panel pins-l4A, 14D are
positioned on the Y-axis whereas the panel pins 14B, 14C are
- positioned on the X-axis.

Then, the toggle mechanism 33 is actuated to move
the pin cleaning members 32a, 32B, 32C, 32D toward the re-
spective guide pins 41A, 14B, 14C, 14D simulténeously. The
each of the brushes of the pin cleaning members 32, 32B,
32C, 32b is rotéted by the motor 34, and air is drawn from
the cover 3é.by the suction device (see FIG. 5).

Each pin cleaning member 32 is moved until the
abutment 38 of the cover 36 abuts against the inner surface
13a of the facepanel 13, and stops when the abutment 38
abuts against-the inner surface 13a (see FIG. 6).

At this time, forces tending to, press” the cover
36 againstlthé inner surface 13a are absorbed by the spring

42.
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" The rotating brush 35 enters the panel pin 14 and

rubs against the surface of the panel pin 14, scraping dirt
or debris off the panei pin 14. The dirt or debris scraped
off the panel pin 14.is drawn from the cover 36 through the
hose 37 by the éuction device. Therefore, the four panel
.pins. 147, 14B, 14C, 14D are simultaneously cleaned. Since
the gap 39 is maintained between the cover 36 and the inner
surface 13A by the abutment 38, air is introduced through
the'gap_39 into the cover 36, and the dirt or debris is car-
ried by the air into the hose 37. The. cover 36 is prevented
from-contacting the metal back layer 18 because of the gap
39. | |

According to tﬁe illustrated embodiment, immedi-.
ately before the facepanel 13 and the cathode-ray'tube fun-
‘nel are sealed to each other by frit, the four panel pins
14A, 14B, 14C, 14D are cleaned at the éame time for removing
debris which is produced after the golor phosphor screen is
completed in the step 8 until the time immediately before
the facepanel 13 and the cathode-ray tube funnel are sealed
to each other by frit, e.qg., debris that is produced when
panel pins 14 are scraped upon aﬁtacﬁment and detachment of
color selection electiodes; unwanted phosphor particles, and
an unwanted conductive carbonllayer (carbon particles) at-
tached to panel pins 14. -

Therefore, the color cathode-ray tube is pre-
vented from suffering a rgduction in its ability to with-

stand the high voltage, which would otherwise be caused by
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debris produced after the color phosphor screen is com-

pleted, and hence the color cathode-ray tube thus manufac-
tured is highly reliable.

Inasmuch as the cleaning device 31 is capable of
cleaning_the four panel pins 14A, ;4B, 14C, 14D simultane-
'ously, the time required to clean the panel pins 14A, 14B,
14C, 14D is relatively short, resulting in improved index,
and the layout.of-the cleaning device 31 is relatively sim-
plé. |

Air is introduced into the cover 36 and drawn
'ffom-the cover 36 in which the brush 38 is disposed. There-
fore, the cleaning device 31 is free from the problem of
water splashes which would otherwise occuf if water were
employed to clean ‘the panei pins.

The toggle mechanism 33 is capable of adapting
the cleaning device 51 to facepanels 131, 13, (see FIG. 4) of
different sizes. Consequently, the cleaning device 31 re-
quires no-special preparatory action before it is used to |
clean the panel pins of the face paneis of different types
of cathode-ray tubes. |

In the steps 23, 25, 27 of cleaning the panel
pins 14 immediately after the respective phosphor layers are
formed, the panel pins 14 may be_cieahed by any of the con-
ventional cleaning processes, e.g., by the process using a
~ shower of water applied to the panel piné, the rinsing proc-
ess of immersing the pahel pins in a chemical solution, or

the trimming process of physically scraping any unwanted
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phosphor layer off the panel pins with a rotating sponge or

brush while water is being supplied. Alternatively, in the
steps 23, 25, 27, the cleaning'device 31.shown in FIGS. 3
"and 4 may be used to scrape the panel pin 14 with the rotat-
ing brush 35 while ﬁater; rather than air, is being intro-
duced into the cover 36 and disdharged through the hose 37
by the suction device. According to the aiternative pro-
posal, the four panel:pins 14 can be cleaned simultaneously
without suffering the problem of water splashes. -

Further alternatively, the cleaning device 31
shown in FIGS. 3 and 4 may be operated in its own mode of
operation described above to clean the panel pins 14 in the
steps 23, 25, 27.

Having described a preferred embodiment of the .
invention with reference to the accompanying drawings, it
is to be understood that the invention is not limited to
that precise embodiment and that various changes and modi-
fications could be effected by one skilled in the art with-
out departing from the spirit or scope of the invention.as

defined in the .appended claims.
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What is claimed is:

1. A method of manufacturing a cathode-ray tube,
cémprising the steps of:
forming a phosphor layer on an inner surface of a
facepanel; and '
| thereafter, cleaning panel pins which support
color selection electrodes on the inner surface of the
facepanel immediately.before the facepanel is sealed to a

cathode-ray tube funnel.

2. An apparatus for manufacturing a cathode-ray
tube, comprising:

a plurality of as many pin cleaning members as
the number of panel pins on an inner surface of a facepanel; -

a mechanism for moving said pin cleaning members
toward and away from the panel pins, respectively; |

said'pin cleaning members comﬁrising respective
coﬁers having respective abutments on distal ends thereof
for abutment against the inner surface of the facepanel and
respective rotatable scraping members disposed in said re-
. spective covers for contacting the panel piﬁs, respectively;
and

suction means for evacuating said coveérs.
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