
METHOD OF FORMING FLUORESCENT                     SCREEN OF CATHODE RAY
TUBE             The present invention relates to a method of
producing a cathode-ray tube, more particularly  5     relating to a method
of forming a fluorescent screen of        cathode ray tube.             A
cathode ray tube (CRT) is provided with a glass        bulb comprising a
panel portion, funnel portion, and a 



neck portion and is configured so that a phosphor layer 10     formed on an
inner surface of the panel portion is        irradiated by electrons from
an electron gun to cause        the phosphor to emit light.
This type of cathode ray tube, for example a        cathode ray tube for a
projection television or a 15     cathode ray tube for a monochrome
television, is        produced in, for example, the following way.
First, the inner surface of the glass bulb on        which the phosphor
layer is formed is washed by using        at least pure water etc., then an
aqueous electrolyte 20     solution such as an aqueous solution of barium
acetate        is poured over the interior of the panel portion, then
a suspension obtained by dispersing the phosphor in an        aqueous
solution of water glass as a binder is poured        in and the assembly is
allowed to stand for a 25     predetermined time to cause the phosphor to
precipitate, the glass bulb then being slowly moved and 



inclined (tilted) so as to form the phosphor layer.             Next, in
order to form a continuous good aluminum        vapor deposited film, the
phosphor layer is moistened 30     by pure water or the like, most the
phosphor layer        being covered by a film of the water. Then an organic
solvent lacquer mainly composed of an acrylic resin is        sprayed to
form a very thin lacquer intermediate film        on the film of water. The
phosphor layer is not formed 35     on the inner surface of the funnel
portion and neck        portion, so the         



-2-         these portions is removed by pouring pure water
thereover. This is done because, when the lacquer        intermediate film
is formed in a region not coated with        the phosphor layer, the
aluminum vapor deposited film  5     formed on this region swells in the
subsequent baking        step and peeling from the funnel portion of the
cathode        ray tube takes place.             Further, the phosphor
layer is dried by using        dehumidified air etc. and a carbon film is
coated on 10     the predetermined region and dried.. Finally, the
aluminum is vapor deposited to form the aluminum vapor        deposited
film, then the organic material used when        forming the phosphor layer
is heated to 400 to 440[err]C to 



decompose and remove it. The phosphor layer is ready 15     after these
steps.             In the abovementioned method of producing a
cathode ray tube, in the process of pouring the        covering water
carried out before forming the lacquer        intermediate film after
forming the phosphor layer, the 20     water glass and barium acetate are
dissolved in the        covering water. If, however, the amounts of water
glass and barium acetate which are dissolved in the        covering water
are too small, however the luminescence        at the peripheral portions
of the screen deteriorates 25     due to aging after fabrication of the CRT
as a result        of the influence of the water glass and barium acetate
remaining in the phosphor layer. This disadvantage is        conspicuous in
a blue monochrome projection cathode ray        tube and causes a
disadvantage in that the peripheral 30     portions become yellow when an
RGB projection cathode        ray tube is used and a white color is
projected. 



Conversely, when the amount of the water glass and        barium acetate
dissolved in the covering water is too        large, insufficient bonding
of the phosphor to the 35     glass surface is obtained and there is the
problem that        the phosphor no longer adheres due to vibration during
-3- 



the fabrication of the CRT. More particularly, after        pouring in a
cushion solution containing the barium        acetate and the phosphor
suspension, the phosphor is        precipitated by the reaction of the
barium acetate in  5     the cushion and the water glass in the suspension.
When the amount of water glass is insufficient or the        amount of
barium acetate becomes excessive or        insufficient with respect to the
water glass, the        bonding strength of the phosphor is lowered, and
the 10     phosphor will be flushed away at the time of the
discharge of the water.             The dried phosphor is adhered to the
panel glass        by the water glass. For this reason, when the amount
of the water glass is too small, the phosphor becomes 15     apt to peel
off due to the lowering of the binding        force with the panel glass.
Conversely, if it is too        large, burning occurs with aging after the
fabrication 



of the CRT. This becomes a cause of the lowering of        the
luminescence. 20          The present invention was arrived at as a result
of such disadvantages and had as an object thereof to        provide a
method of producing a cathode ray tube in        which a phosphor layer
having good surface quality is        produced. For this purpose it has
been found necessary 25     to manage properly the dissolution of the water
glass        and barium acetate in the covering water step to
improve the uniformity of the phosphor layer.             According to the
present invention, there is        provided a method of forming a
fluorescent screen for a 30     cathode ray tube having a glass bulb,
comprising the        steps of:                  cleaning an inner surface
of the glass bulb             having a panel portion by using at least pure
water; 35               injecting an aqueous electrolyte solution 



into the glass bulb;                                              -4-
depositing a suspension of water glass and             phosphor slurry on
the inner surface of the panel             portion;                  drying
the suspension to form a phosphor 



5          layer;                  covering the entire surface of the
phosphor             layer with pure water for from 30 to 180 seconds;
spraying a lacquer comprising an acrylic             resin on the wetted
phosphor layer to form a 10          lacquer film layer;
forming a metal backing layer on the lacquer             film layer;
and heating the glass bulb to remove the             lacquer film layer at
a temperature at 400[err]C to 15          420[err]C.
Preferably, the cleaning process comprises a step        of cleaning the
inner surface of the glass bulb by        using an aqueous solution of
hydrofluoric acid before        using the pure water, or a step of cleaning
the inner 20     surface of the glass bulb by using nitric acid before
using the pure water.             Preferably, the aqueous electrolyte
solution 



comprises an aqueous solution of barium acetate.             Preferably,
the drying of the suspension is 25     carried out by using dehumidified
air.             Preferably, the step of coating the whole surface
of the phosphor layer with pure water is carried out        for 40 to 150
seconds, more preferably 80-120 seconds.             For a better
understanding of the invention, and 30     to show how the same may be
carried into effect,        reference will now be made, by way of example,
to the        accompanying drawings, in which:-                  Fig. 1 is
a sectional view of a cathode ray             tube produced by the method
of the present 35          invention;                  Fig. 2 is a
flowchart of the method of     



producing a cathode ray tube according to the             present
invention;                  Fig. 3 is a sectional view of a cathode ray
tube showing a lacquer spraying step being carried  5          out in the
method of the present invention; and                  Fig. 4 is a graph of
the conductivity of             covering water with respect to the time of
wetting             with the covering water.             A method embodying
the present invention will be 



10     described with reference to the drawings.             A cathode ray
tube (CRT) to which the present        method embodying the invention is
applied is a CRT used        in for example a projection television or a
monochrome        television such as a black and white television. As 15
shown in Fig. 1, the CRT has a glass bulb 10 comprising        a panel
portion 12, a funnel portion 14, and a neck        portion 16 and is
configured so that a phosphor layer 2        formed on the inner surface of
the panel portion 12 is        irradiated by electrons from an electron gun
(not 20     illustrated) to cause the phosphor included in the
phosphor layer 2 to emit light.             A lacquer intermediate film 4
is formed on the        front surface of this phosphor layer 2 formed on
the        inner surface of the panel portion 12. The lacquer 25
intermediate film 4 is constituted by an organic        solvent lacquer
comprised mainly of an acrylic resin        which is dissolved in organic
solvent such as toluene. 



By interposing a very thin lacquer intermediate film 4        between the
phosphor layer 2 and an aluminum vapor 30     deposited film 6 can be
obtained. This lacquer        intermediate film 4 is formed beyond the
panel portion        12 up to a connection portion 18 of the panel portion
12 and the funnel portion 14 in addition to covering        the phosphor
layer 2. 35          A carbon film 8 for conduction is formed over a
predetermined region of the inner surface of the funnel          



-6-         portion 14. The aluminum vapor deposited film 6 is
formed, further, on the inner surface of the panel        portion 12 and
the funnel portion 14, for preventing        ion burning of the phosphor
due to the electron beam,  5     to increase the light emission efficiency,
etc.             A method embodying the invention for producing a
cathode ray tube will now be described referring to        Fig. 2.
The inner surface of the glass bulb 10 forming the 10     phosphor layer 2
is washed (cleaned) by using an        aqueous solution of hydrofluoric
acid, an aqueous        solution of nitric acid, and pure water.
Subsequently,        the panel portion 12 of the glass bulb 10 is turned
downward, and a predetermined amount of an aqueous 



15     electrolyte solution such as an aqueous solution of        barium
acetate is poured (injected) into the glass bulb        10. Thereafter, a
suspension of a predetermined        phosphor in an aqueous solution of
water glass serving        as a binder is poured (injected) into the glass
bulb 10 20     and the assembly is allowed to stand for a
predetermined time to cause the phosphor to precipitate        (step 1:
S1). After the precipitation of the phosphor,        the glass bulb is
slowly moved and inclined thereby to        form the phosphor layer 2.
Drying of the phosphor 25     layer 2 is then carried out by, for example,
vacuum        drying (step 2:S2).             Subsequently, so as to form a
continuous, good        aluminum vapor deposited film 6, first the phosphor
layer 2 is moistened by pure water (covering water) 30     etc. and the
whole surface of the phosphor layer 2 is        covered by a film of water
(step 3:S3). An agent        (liquid) for preventing adhesion of the
lacquer to the 



inner surface of the funnel 14, is coated below the        connection
portion 18 of the panel 12 and the funnel 14 35     and on the neck 16
(step 4:S4).  At this time, the        barium acetate and the water glass
contained in the                                              -7-
phosphor layer 2 are dissolved in the pure water, so 



that the electric conductivity in the covering water is        increased as
the time of moistening by the pure water        increases, as shown in Fig.
4. In this procedure, by  5     managing the conductivity in the covering
water the        production of the best cathode ray tube is made
possible. According to a study by the present        inventors, the best
cathode ray tube can be obtained        when the conductivity of the
electrolyte remaining in 10     the phosphor layer after pouring in of the
covering        water pouring process (injection process) is 6.0+4.0
[err]s/cm in 200 ml of pure water of 20[err]C1[err]C.        Accordingly,
the moistening time is set so that the        conductivity of the
electrolyte remaining in the 15     phosphor layer in the covering water
pouring process        satisfies the above conductivity range. This happens
when covering of the phosphor layer with water lasts        for 30 to 180
seconds.             The panel portion 12 of the glass bulb 10 is 



20     turned upwards as shown in Fig. 3 and an organic        solvent
lacquer mainly composed of an acrylic resin is        sprayed to the inner
surface of the panel portion 12        and the funnel portion 14 by using a
nozzle 20 (step        5:S5) so as to form a very thin lacquer intermediate
25     film 4 on the adhering film of water.             If the lacquer
intermediate film 4 were to form on        a region on which the phosphor
layer 2 was absent, the        aluminum vapor deposited film 6 deposited on
this        region by vapor deposition would blister in the 30
subsequent baking process and peel from the funnel        portion 14 of the
cathode ray tube to occupy the        position shown by two dot chain lines
in Fig. 1.        Hence, the lacquer intermediate film 4 is removed from
the funnel portion 14 to the neck portion 16 on which 35     the phosphor
layer 2 is not formed by spraying with        pure water (trimming step
6:S6).  



-8-              The phosphor layer 2 is dried by using        dehumidified
air etc. (step 7:S7), then carbon for        conduction is coated on a
predetermined region of the        inner surface of the glass bulb 10 and
dried to form  5     the carbon film 8 (steep 8:S8).             The
aluminum is vapor deposited on the phosphor 



layer 2 to form the aluminum vapor deposited film 6,        then the
organic material used when forming the        phosphor layer 2 is heated to
400 to 420[err]C to decompose 10     and remove it (step 9:S9).
Finally, inspection of the formed fluorescent        screen of the CRT is
carried out.             As mentioned above, in the present invention, a
phosphor layer is formed on an inner surface of a panel 15     portion of a
glass bulb by a precipitation process and        a lacquer intermediate
film is formed on the phosphor        layer while the phosphor layer is
wetted by covering        water, so that, in practice, the phosphor layer
is        moistened by the covering water, electrolyte remaining 20     in
the phosphor layer having a conductivity of 6.0[err]4.0       [err]s/cm in
200 ml of pure water of 20[err]C1[err] as a result of       the wetting .
For this purposes, the phosphor layer is       moistened by the covering
water for 30 to 180 seconds.             As a result of control of the
conductivity of the 



25     wetting water in the method of this invention, the
deterioration of the luminescence at the peripheral        portions of the
screen after the fabrication of the        CRT, as a result of inadequate
dissolution of the        electrolyte, in other words, the residual
presence of a 30     large amount of electrolyte in the phosphor layer, can
be prevented. Also, the detachment of the phosphor due        to an
excessive dissolution of the electrolyte, in        other words, a shortage
of electrolyte remaining in the        phosphor layer, can be prevented. 35
In particular, the amount of the electrolyte        contained in the
phosphor layer which is dissolved in
REPLACEMENT SHEET     



-9 -         the covering is water related to the time of wetting
with the covering water. Therefore when there is a        change in the
conductivity of the electrolyte remaining        in the phosphor layer with
respect to the time of  5     wetting by the covering water, this being
preliminary        measured, the change in conductivity is then
compensated for by varying the   moistening time in the        range of 30
to 180 seconds to satisfy the general        conductivity requirements set
out above, preferably to 



10     have it be 6.0+4.0 [err]s/cm when the screen quality        becomes
the best. This easy experimentation readily        simplified the
production of the cathode ray tube,             A cathode ray tube produced
by following the above        steps can have its luminescence improved by
about 10 15     percent compared with a conventional cathode ray tube.
[err]    



-10-         CLAIMS          1.  A method of forming a fluorescent screen
for a        cathode ray tube having a glass tube, comprising the  5
steps of:                 cleaning an inner surface of the glass bulb
having a panel portion by using at least pure            water;
injecting an aqueous electrolyte solution 10         into the glass bulb;
depositing a suspension of water glass and            phosphor slurry on
the inner surface of the panel            portion;                 drying
the suspension to form a phosphor 15         layer; 



covering the surface of the phosphor layer            with pure water for
from 30 to 180 seconds;                 spraying a lacquer comprising an
acrylic            resin on the wetted phosphor layer to form a 20
lacquer film layer;                 forming a metal backing layer on the
lacquer            film layer; and                 heating the glass bulb
to.remove the lacquer            film layer at a temperature at 400[err]C
to 420[err]C. 25       2.  A method of forming a fluorescent screen for a
cathode ray tube according to claim 1, wherein said       cleaning process
comprises the step of cleaning the       inner surface of the glass bulb by
using an aqueous 30    solution of hydrofluoric acid before using the pure
water.   



3.  A method of forming a fluorescent screen for a       cathode ray tube
according to claim 1, wherein said 35    cleaning process comprises the
step of cleaning the        inner surface of the glass bulb by using nitric
acid        [err]                                   -11-         before
using the pure water.  



4.  A method of forming a fluorescent screen for a        cathode ray tube
according to claim 1, 2 or 3, wherein  5    said aqueous solution of
electrolyte is an aqueous        solution of barium acetate.          5.  A
method of forming a fluorescent screen for a        cathode ray tube
according to any preceding claim 1, 10    wherein dehumidified air is used
in carrying out drying        of the suspension.          6.  A method of
forming a fluorescent screen for a        cathode ray tube according to any
preceding claim, 15    wherein the said coating step involves coating the
whole surface of the phosphor layer with pure water for       40 to 150
seconds. 



7.  A method of forming a fluorescent screen for a 20    cathode ray tube
according to claim 1, wherein said        coating step involves coating the
whole surface of the        phosphor layer with pure water for 80 to 120
seconds.          8.  A method of forming a fluorescent screen for a 25
cathode ray tube having a glass tube, comprising the       steps of:
cleaning an inner surface of the glass bulb            having a panel
portion by using at least pure            water; 30              injecting
an aqueous electrolyte solution            into the glass bulb;
depositing a suspension of water glass and            phosphor slurry on
the inner surface of the panel 



portion; 35              drying the suspension to form a phosphor
-12-                    covering the whole surface of the phosphor
layer with pure water for a sufficient time to              achieve an
electrolyte conductivity in the 



phosphor layer of 6.04.0 [err]s/cm in 200 ml of pure  5          water or
20[err]C1[err];                   spraying a lacquer comprising an acrylic
resin on the wetted phosphor layer to form a             lacquer film
layer;                   forming a metal backing layer on the lacquer 10
film layer; and                   heating the glass bulb to remove the
lacquer             film layer at a temperature at 400[err]C to 420[er]C.




