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Color cathode-ray tube

The present invention relates to a color cathode-
ray tube, and more particularly, to a color cathode-ray
tube in which mislanding of beam attributable to thermal
expansion of a shadow mask and impact is reduced by
changing the configuration or curvature of the effective
surface of the mask and/or the inner surface of an
effective region of a panel. :

In general, a color cathode-ray tube comprises a
phosphor screen formed of three color phosphor layers
and a shadow mask facing the screen. Three electron
beams emitted from an electron gun are sorted by means
of the shadow mask, and a color image is" displayed on
the phosphor screen.

The color cathode-ray tube comprises a rectangular
panel having an effective area whose inner surface is
formed essentially of a curved surface, and the phosphor
screen is formed on the inner surface of the effective
area. On the other hand, the shadow mask includes a
mask body, which has. a substantially rectangular
effective-surface, and a mask frame attached to the
peripheral portion of the mask body. The effective area
of the mask body is in the form of a curved surface
corresponding to the inner surface of the panel in con-
figuration and a number of electron beam apertures,
through which the electron beams pass, are formed in
this curved surface. The shadow mask is supported on
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In order to display a color image having good color
purity on the phosphor screen, in the color cathode-ray
tube constructed in this manner, the three electron
beams passed through their corresponding apertures of
the shadow mask must be landed exactly on the three
color phosphor layers which constitute the phosphor
screen. To attain this, the distance between the panel

and the shadow mask, especially the distance (value q)
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between the inner surface of the effective area of the
panel and the effective surface of the mask, should be
kept within an allowable range. _

Conventionally, however, the body of the shadow '
mask is formed of a thin carbon steel sheet, and the
quéntity of those electron beams which reach the
phosphor screen after passing through the apertures in
the effective surface of the mask body is not greater
than one third of the quantity of the electron beams
emitted from the electron gun, that is, most of the

‘electron beams impinge on the mask. As a result, the

25

shadow mask is heated to undergo thermal expansion, and
the thin curved mask body, in particular, is subjected
to doming such that it bulges toward the phosphor
screen. If the height of the bﬁlge attributable to the
doming exceeds the allowable range of the value g, the

electron beams land on the three color phosphor layers
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with a lag, thereby deteriorating color purity. This
mislanding attributable to the thermal expansion of the
shadow mask varies depending on the electric current of
the electron beams, the size and duration of an image
pattern, etc.

One such mislanding, attributable to the thermal
expansion of the shadow mask, lasts for a relatively
long period of time (30 minutes or more) before the tem-
perature of the mask body, which, thinner than the mask
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the effective area. On the other hand, the shadow

mask body, which has a substantially rectangular 20 effective surface,

and a mask franme attached to the peripheral portion of the mask body.
The effective area of the mask body is in the formof a curved surface
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on mask frame to establish a thermal equilibrium such that
the respective temperatures of the mask frame and the
5 mask body are substantially equal. This mislanding can

be effectively corrected by interposing a bimetal element
between the mask frame and elastic support members

for supporting the shadow mask, as is described in Jpn.
Pat. Appln. KOKOKU Publication No. 44-3547, for example.

10 If a high-luminance image is locally displayed for a
relatively short period of time, however, the shadow
mask is subjected to a local thermal bulge, and the
resulting local mislanding cannot be corrected by means
of the bimetal element.

15 A rectangular pattern for the mislanding
attributable to the thermal expansion of the shadow mask
was drawn on the phosphor screen by means of a signal
generator, and the size of the landing lag was measured
varying the shape and originating position of the

20 pattern. Thereupon, it was confirmed that the landing
lag was small when a high-current, high-luminance rec-
tangular pattern was formed substantially over the whole
region of the phosphor screen. It was also ascertained
that the greatest landing lag was caused when a high-

25 current, high~luminance elongated rectangular pattern
was formed converging a little from the left- or right-
hand end (with respect to the horizontal axis or x-axis)
of the phosphor screen.

These phenomena can be easily understood from the

30 description to follow.

First, a TV set 1is generally designed so that an
average anode current applied to the cathode-ray tube,
that is, a current flowing through the anode for the
whole picture, should not exceed a given value. When a

35 large high-luminance rectangular pattern is formed on
the phosphor screen in the aforesaid manner, therefore,
the beam current for each unit area of the shadow mask
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tangular pattern is formed.
Secondly, when a high-luminance pattern is formed
5 on the central portion of the phosphor screen, a landing
lag cannot be easily caused even though the shadow mask
is subjected to thermal expansion. As the originating
position of the pattern shifts from the center of the
phosphor screen toward the left- and right-hand ends
10 thereof, the thermal expansion of the shadow mask
appears more frequently as a landing lag. At the oppo-
site ends the screen, however, the body of the shadow
mask is fixed by means of the mask frame, so that only a
small deformation is caused by the thermal expansion.
15 Thus, if a high-luminance pattern is formed converging a
little from the left- or right-hand end of the phosphor
screen, that is, if a region intermediate between the
center and the horizontal end of the shadow mask, espe-
cially a region just outside the point halfway between
20 the center and the horizontal end of the mask, is
heated, then the mask undergoes a substantial thermal
expansion, resulting in the greatest landing lag.
When the shadow mask is located in a normal posi-
tion, an electron beam passing through one aperture
25 which is situated a little nearer to the center of the-
- mask than the horizontal end thereof lands exactly on
its corresponding phosphor layer. If a high-luminance
image is displayed by means of a high-current electron
beam passing near the specific aperture, however, the
30 shadow mask is subjected to thermal expansion in the
vicinity of the aperture by impingement with the
electron beam. This thermal expansion shifts the
position of the electron beam aperture, so that the
electron beam passing through this shifted aperture
35 ceases to land on the specified phosphor layer.
In most of modern color cathode-ray tubes, in par-
ticular, the effective area of the panel is flat, so
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Disclosed in Jpn. Pat. Appln. KOKAI Publication
Nos. 61-163539 and 61-88427 is means for restraining the
mislanding by changing the configuration of a flat
shadow mask. According to color cathode-ray tubes which
10 combines a flat panel and a flat shadow mask, however, a
satisfactory effect cannot be obtained from the con-
figuration of the shadow mask described in these
publications. Thus, in the modern color cathode-ray
tubes, the panel and the shadow mask are flatter than
15 the ones described in the above publications, and the
landihg lag attributable to thermal expansion of the
mask by impingement electron beams is greater. In con-
sequence, the landing lag cannot be fully corrected with
use of the shadow mask configuration described in the
20 aforesaid publications.
Disclosed in Jpn. Pat. Appln. KOKAI Publlcatlon
Nos. 64-17360 and 1-154443 is means for restraining the
landing lag attributable to thermal expansion of the
shadow mask by changing the curvature of the panel. If
25 the curvature of theée panel is changed, as described in
these publications, however, a satisfactory effect
cannot be obtained for a substantially spherical flat
panel which ensures a natural agreeable reflection on
. its outer surface, and has recently started to be used
30 practically. .
The color cathode-ray tube whose panel and shadow
‘mask have flat effective surfaces involves the following
problems, as well as the thermal expansion of the shadow
mask . |
35" In the color cathode-ray tube whose panel has a
flat effective surface, the body of the shadow mask may
be formed of a low-expansion material, such as Invar,
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shadow mask varies depending on the electric current of _ the el ectron
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besides a low-carbon steel sheet which is used for the
shadow mask of a conventional color cathode-ray tube.
Normally, the shadow mask body is press-molded to have a
predetermined curved surface after apertures are formed

5 therein by photo-etching. In this case, a large-
curvature mask body can be subjected to appropriate
plastic deformation to obtain a necessary mechanical
strength as it is press-molded. However, a flat mask
body cannot be subjected to satisfactory plastic

10 deformation, and inevitably involves local low-strength
portions. 1In other words, flattening the effective
surface of the shadow mask results in reduction in the
deformation and elongation of the mask during the press
molding operation. Therefore, some portions of the

15 shadow mask cannot be molded to a region for plastic
deformation, remaining in a region for elastic defor-
mation. In the case of a shadow mask which has a
substantially rectangular effective surface, in par-
ticular, its short sides, which are situated at a

20 distance in the direction of the horizontal axis from
the center, are more distant from the center than its
long sides, which are situated at a distance in the
direction of the vertical axis from the center.
Accordingly, those horizontal end portions of the mask

25 which are situated a little nearer to the center than
the short sides are the most fragile portions, which are
deformed by impact or the like. Thus, the portions
situated a little nearer to the center than the short
sides, on the horizontal axis of the effective surface

30 of the shadow mask, are distant from the center of the
mask, and, unlike diagonal portions, are not surrounded
by the skirt portidn of the mask. Therefore, those
horizontal end portions cannot undergo perfect plastic
deformation during the press molding operation, and

35 remain in the elastic deformation region. Consequently,
they fail to be formed into previously designed curved
surfaces, and their strength is lowered. Moreover,
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screen by n®ans af thslgﬂe¢tron beam, which is attributable to thermal
expansion of a shadow mask caused by impingement with
electron beams, and deformation or resonance of the mask
cannot be easily brought about by impact or vibration,
even with use of a small-curvature flat shadow mask, let

10 alone a conventional shadow mask with a relatively large
curvature.

In order to achieve the above object, a colorx
cathode-ray tube according to the present invention
comprises: a panel having a curved inner surface and a

15 substantially rectangular effective area; a phosphor
screen formed on the inner surface of the panel; and a
curved shadow mask formed having a number of apertures
and a substantially rectangular effective surface facing
the inner surface of the panel. The effective surface

20 of the shadow mask has a center through which the tube
axis passes, a horizontal axis passing through the
center and at right angles to the tube axis, and a
vertical axis extending throughfthe center and at right
angles to the tube axis and the horizontal axis.

25 At least one of the effective surface of .the shadow
mask and the inner surface of the effective area of the
panel is formed so that, in the region located on the
horizontal axis, the radius of curvature in the direc-
tion of the horizontal axis is larger than the radius of

30 curvature in the direction of the vertical axis in a
region substantially halfway between the center and a
horizontal end of the surface, and so that, in the
region located on thé horizontal axis, the horizontal
radius of curvature is smaller than the vertical radius

35 of curvature in a region near the horizontal end por-
tion.

In the effective area, a substantially spherical
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a 35 | ar g& hi gls- liisnitihen ef feerttiavey d ifend drerof | shé csfifecbive area with
respect to the direction of the diagonal axis, in a rec-
tangular coordinate system having a Z-axis coincident
with a tube axis extending through the center of the
outer surface of the panel, an X-axis coincident with a

10 horizontal axis extending through the center and at
right angles to the tube axis, and a Y-axis coincident
with a vertical axis extending through the center and at
right angles to the tube axis and the horizontal axis,
and that there are relationships v < h <'d and 2v < d <

15 2h, where h and v are values of z of coordinates at
effective area ends along the X- and ¥Y-axes, respec-
tively. _

If at least one of the effective surface of the
shadow mask and the inner surface of the effective area

20 of the panel is formed in this manner, thermal expansion
of the mask attributable to impingement with electron

. beams can be restrained, and the mechanical strength of
the mask is improved, so that deformation by impact and
resonance can be reduced.

25 Thus, the radius of curvature of the shadow mask in
the direction of the vertical axis thereof must be shor-
tened in order to restrain the thermal expansion of the
shadow mask. In particular, that region of the shadow
mask which involves the problem of deterioration of

30 color purity due to a high degree of thermal expansion
lies substantially halfway between the center and the
horizontal end of the effective surface of the mask. In
order to improve the mechanical strength of the shadow
mask, moreover, the mask must be subjected to perfect

35 plastic deformation when it is press-molded. To attain
this, the radius of curvature of the mask in the
direction of the horizontal axis should be reduced. 1In
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particular, a low-strength region of the shadow mask is
situated a little nearer to the center than the horizon-
tal end. '

Thus, by making the horizontal radius of curvature
larger than the vertical redius of curvature in the
region substantially halfway between the center and the
horizontal end of the effective surface of the shadow
mask, as in the present invention, the thermal expansion
of the shadow mask attributable to the impingement with
the electron beams in that region can be restrained
effectively. Moreover, the mechanical strength of the
shadow mask can be effectively improved to reduce defor-
mation by impact and resonance by making the horizontal
radius of curvature smaller than the vertical radius of
curvature in the horizontal end portions of the effec-
tive surface of the mask. '

This invention can be more fully understood from

" the following detailed description when taken in con-

junction with the accompanying drawings, in which:

FIGS. 1 to 4 show a color cathode-ray tube
according to an embodiment of the present invention, in
which:

FIG. 1 is a longitudinal sectional view of the
color cathode~ray tube,

FIG. 2 is a front view of a panel,

FIG. 3 is a perspective viéw of an effective area
of the panel, and

FIG. 4 is a diagram showing the relationship
between the horizontal and vertical curvature radii of
an effective surface of the body of a shadow mask of the
color cathode-ray tube in the vicinity of the horizontal
axis of the mask; and '

FIG. 5 is a diagram showing the relationship
between the horizontal and vertical curvature radii of
an effective surface of the body of a conventional
shadow mask in the vicinity of the horizontal axis
thereof.
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resulting in the HE@%&SSE Eﬁ%gkgggfﬁily rectangular effective area 20 and
a skirt portion 21 on the periphery of the effective
area, and a funnel 23 bonded integrally to the skirt
portion 21 of the panel 22. Formed on the curved inner
i0 surface of the effective area 20 is a phosphor screen 24
having three stripe-shaped color phosphor layers 15R,
15G and 15B which, arranged regularly, emit red, green,
and blue light beams, respectively. The outer surface
of the effective area 20 has the shape of a substan-
15 tially spherical surface with a predetermined curvature
(mentioned later) such that a reflected image on the
outer surface externally looks natural without causing a
sense of incompatibility. The inner surface of the area
20 has the shape of a nonspherical concave surface with
20 a predetermined curvature (mentioned later).
A shadow mask 25 is located opposite the phosphor
screen 24 in the envelope 40. The mask 25 includes a
mask body 26, which has a substantially rectangular
effective surface and a skirt portion on the periphery
25 of the effective surface, and a mask frame 27 with an
L-shaped section attached to the skirt portion of the
body 26. The effective surface is a curved surface
which is formed having a number of electron beam aper-
tures. A plurality of elastic support members 28 are
30 attached to the outer side face of the mask frame 27.
The shadow mask 25 is mounted on the inside of the panel
22 in a manner such that fitting holes in the support
members 28 are fitted and retained 'individually on a
plurality of stud pins 29 on the inner surface of the
35 skirt portion 21 of the panel 22.
Meanwhile, an electron gun 32 for emitting three
aligned electron beams 32R, 32G and 32B is disposed in

=z
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MWhen the shadow mask is located in a normal posi- - tlon an electron

beam passi ng t hrough one aperture 25 whi ch i's situated et a eﬁo
the center of the mask than the horizontal end there
on its correspondi ng phosphor layer. If a high-lumn

di spl ayed by means of a hi gh-current electrgga_ bean1pa55|ng near t he
specific aperture, however, the 30 shadow imask is subjected to thermal
expansion in the V|C|n|ty of the aperture by inpingenment with the
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el ectron beam aperture, el ectron beam passin ough this
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effective area of Pltgg el I%hglggt518e of the funnel 23. The beams
5 are sorted by means of the shadow mask 25 and used to
scan the phosphor screen 24 horizontally and vertically,
whereby a color image is displayed on the effective area
20 of the panel 22.
As shown in FIGS. 2 and 3, the flatness of the
10 outer surface of the effective area 20 of the panel 22
" is expressed as d/S, where d (mm) is the value of z
(depression) of .coordinates (x, y., z) at the axial end
portion along a diagonal axis D of the area 20, and S
(mm) is the effective dimension of the effective area
15 with respect to the direction of the diagonal axis, in a
rectangular coordinate system having a Z-axis, X-axis
(long axis), and Y-axis (short axis). The Z-axis is an
axis which extends through the center O of the outer
surface of the panel 22, and is coincident with the tube
20 axis of the cathode-ray tube. The X-axis is a horizon-
tal axis which extends through the center O and at right
angles to the Z-axis. The Y-axis is a vertical axis
which extends through the center O and at right angles
to the Z-axis and the horizontal axis. In the present
25 embodiment, the outer surface of the panel 22 is formed
with d/S § 0.041. Since the outer surface of the panel
22 is a substantially spherical surface, the outer sur-
face of the effective area 20 is based on relationships
given by v < h < d and 2v < d < 2h, where h and v (mm)
30 are values of z (depressions) of coordinates at the
axial end portions along the X- and Y-axes of the effec-
tive area 20, respectively.
In this arrangement, the outer surface of the panel
22 is flattened to a high degree, and a reflected image
35 on the outer surface externally looks natural without
causing a sense of incompatibility. The flat outer
surface can improve the reading angle for the peripheral
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.that the effective surface of the body of the shadow maskisarso-

flat. Accordingly, the shadow mask is nore easi | pisdaiPliededRephirer mal
expansi on due to the inpinge- ment with the el ectl| a

substantial landing 5 lag is liable to be caused. lellﬂmm“mglosed
in Jpn. Pat. Appln. KOKAl Publication s. 61-163 : 27 is

means for restraining the m sl andi ng ‘changi ng the configuration of
a flat shadow mask. According to col or cathode-ray tubes which 10
conbi ne

a flat papel,and & datishadendesie DOYEVES, &nd further

reduces the apparent distortion of a picture, which

depends on the view angle, and the angle of reflection

of external light, thereby providing a satisfactory
5 image. :

The degrees of flatness (d/S) of the outer surface
of the panel 20 were compared between color cathode-ray
tubes according to the present embodiment and conven-
tional color cathode-ray tubes, having effective
diagonal dimensions of 59 cm (25 inches), 68 cm
(22 inches), and 80 cm (32 inches), individually. The
result of the comparison is shown in the table below.

Table 1

10

15

59 cm

68 cm

80 cm

Picture Tube of Invention

0.037

0.036

0.041

Prior Art Picture Tube

0.048

0.054

0.063

When the present invention‘is applied to a recently
developed wide cathode-ray tube in which the aspect
ratio of the effective area 20 of the panel 22 is 16:9,
the flatness of the outer surface of the panel is
adjusted to the following values.

Table 2

20

25

30

56~cm
424 inch)
ube

66—-cm
%%8 inch)
be

76-—-cm
432 inch)
be

86-cm -
éas inch)
be

d/s

0.038

0.037

0.038

0.041

These degrees of flatness are restricted depending
on the strength of the cathode-ray tube.

An agreeable

picture can be enjoyed by adjusting the flatness of the

outer surface of the panel to the values described

above.

The curved effective surface of the mask body 26 is

a nonspherical surface expressed by

35

where A3j4j is a coefficient and Ag =

2

i=0

2 o
)Y ngA3i+jx23Y2l

0,

in the
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i mpi ngenent el ectron beans is greater. Incon- ~ sequence, the | andi ng
| ag cannot be fully corrected with- use of the shadow nask
configuration desg

Di scl osed in Jpn erﬁlggg%}l‘%nlrt E%I?%%&Inaﬁ%b Y%S%ng?%jmﬂf&k:)%&fiﬁ%o and

1- 154443 is n”eangxtendSe§MQM@hn¢heh@enter dfaddinefitertive i puxtate aed
thermal expansi OESOEo&Baaent w0 e MBS H Ve xGhAN A i xr&fyrm%g;eaﬁisshe

panel . If 23 e curvature t he panel i s cha e escr 1 be
t hese publ i cati oA§, BhbR&EdePn élséﬁ%ﬁ QQéﬁg éhuﬁﬁﬁ Tﬁpéﬁfalned
for a substgntiabhy smherllgml ahlgdles to tmrmJawm; charehsthesy-aaxis u(short
agr eeabl e reflectlon

) s a vertical axis which extends through the

center and at right angles to the Z-axis and the hori-
zontal axis.

_ _ FIG. 4 shows the changes of the radius of cur-

10 vature, at the region located on the horizontal axis, of
the effective surface of the mask body 26 determined
according to the above equation. In FIG. 4, a curve 37H
represents the horizontal radius of curvature of the
region located on the horizontal axis, and a curve 37V

15 represents the vertical radius of curvature of the
region on the horizontal axis. FIG. 5 illustrates the
configuration of a conventional .shadow mask for com-
parison. In FIG. 5, a curve 38H represents the
horizontal radius of curvature of the region on the

20 horizontal axis of the effective surface of the mask
body, and a curve 38V represents the vertical radius of
curvature of the region on the horizontal axis. A
broken line 39 indicates the end of the effective
surface with respect to the direction of the horizontal

25 axis.

As seen from comparison between FIGS. ¢ and 5, the
shadow mask 25 according to the present embodiment is
characterized in that the curves 37H and 37V cross each
other so that the relation between the radii of cur-~

30 vature in the directions of the horizontal and vertical
axes is reversed, at a point at a distance equal to
about 65% of the distance A (see FIG. 1) between the
center (effective surface center) of the mask body 26
and the end of the effective surface, from the center.

35 In the conventional shadow mask shown in FIG. 5,

| the vertical radius of curvature (curve 38v) of the
portion on the horizontal axis is larger than the
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.its outer surface, and has recently started to be used ﬁp

Lcal
The col or cathode-ray tube whose panel and shadow s Shedl RS Tﬁ labed
effective surfaces involves the follow ng probl ens, I mJ [Img

t hermal expansi on of the shadow mask. 35 In
cat hode-ray tube whose panel has a fls& effective surface, the body of
t he shadow nask may be formed of alo '%xpansion material, such as

| nvar, _
horizontal radius of curvature (curve 38H) throughout

the area from the center of the mask body to the effec-
tive surface end. 1In the shadow mask 25 according to
the present embodiment, in contrast with this, the

5 horizontal radius of curvature (curve 37H) of the por-
tion on the horizontal axis is larger than the vertical
radius of curvature (curve 37V) on the side of the
center of the mask body 26. The relation between the
curvature radii is reversed at the point at the distance

10 equal to about 65% of the distance A from the center of
the effective surface. Thus, on the side of the effec-
tive surface end, the horizontal radius of curvature is
smaller than the vertical radius of curvature.

The flatness of the shadow mask 25 according to the

15 present embodiment; with respect to the whole picture,
is about 1.3 times as high as that of the conventional
shadow mask shown in FIG. 3. Nevertheless, according to
the shadow mask 25 of the present embodiment, the
vertical radius of curvature (37V) in the middle portion

20 of the horizontal axis is 1,400 mm, which is equivalent
to the vertical radius of curvature (38v) for the con-
ventional shadow mask. In the vicinity of the effective
surface end with respect to the direction of the
horizontal axis, the horizontal_radius-bf curvature

25 (37H) is 1,100 mm, which is smaller than the horizontal
radius of curvature (38H) of the conventional shadow
mask at 1,200 mm. |

With the effective surface of the mask body 26

shaped in this mannér, the thermal expansion of the

30 mask, ‘which used to be caused most frequently in a
region substantially halfway between the center and the
horizontal effective surface end of the mask body, by
impingement with electron beams, can be effectively
restrained by reducing the vertical radius of curvature

35 of the middle region. Thus, dislocation of the aper-
tures attributable to the thermal expansion of the
shadow mask can be effectively restrained by reducing



. -6- besi des a | ow carbon steel sheet which is used for the _ .
shadow mask of a conventional col or cathode-ray tube. ThisSheet m?%e
shadow nmask body is press-nolded to have a pr edet mlﬁ \
surface after apertures are formed 5 t herein by phot [t his
case, a | arge- curvature mask body can e subj ected to appropriate

pl astic deformation to obtain a necessary néchani cal strength as it is
press-nol ded. However, a flat mask body cannot be subjected to

satisfactory plgtkch ra@&LQr BB icRtvatiftd I iddl or vl veSshpgate .
| ow- st rength portions. | n other words, 'latt6|4ﬁ§$he effeﬁt ve
t r

" surface of the shadoWwiR&Sk thesdors zontady FadigH | aturegep ®i on and
el ongation of tb&fertl véusurFadee igr assluced ilthegriopbibty oof Ther ef ore,
sonme portions o

sore, portions oLl ife sHAMRY T AN SLdRIC g, giLegl o1

5 the horizontal axis, moreover, the strength of that

portion of the press-molded mask body which has the
lowest mechanical strength can Be improved, so that
deformation by impact and color drift attributable to
resonance can be restrained. |

10 It is to be understood that the present invention
is not limited to the embodiment described above, and
that various changes and modifications may be effected
therein by one skilled in the art without departing from
the scope or spirit of the invention. 'In the shadow

15 mask -according to the above-described embodiment, for
example, the relation between the horizontal and ver-
tical radii of curvature of the region located on the
horizontal axis of the effective surface is reversed at
the point at the distance equal.to about 65% of the

20 distance A between the center of the mask body and the
effective surface end, from the center in the horizontal
direction. Thus, the vertical radius of curvature is
smaller than the horizontal radius of curvature in the
region ranging from the center of the mask body to the

25 point at the distance equal to about 65% of the distance
A. As in the case of the foregoing embodiment, however,
the thermal expansion of the shadow mask attributable to
the impingement with the electron beams can be
restrained to reduce the mislanding by making the

30 vertical radius of ;urvature of the mask near the
horizontal axis smaller than the horizontal radius of
curvature in the region ranging from the center of the
mask body to a point at a distance equal to at least
about 50% of the distance A.

35 The same effect of the foregoing embodiment can be
ensured for the mechanical strength of the mask body by
making the horizontal radius of curvature of the mask



. mation. In the case of a shadow mask which has a "_§ub§t5nt|all

rectangul ar effective surface, in par- ticular, IaCEtﬂhlch
are situated at a 20 di stance in the direction of the ﬂ
from - the center, are nore distant fromthe center Iong

sides, which are situated at a distance in the direction of the
vertical axis fromthe center. Accor&lngly t hose horizontal end
portions of the mask 25 which are situated a little nearer to the center

t han the 58gpt tﬁédﬁBFEE%nttE%u%Qits fsm@.'l'eer RYdd Afe VME-Eic&T

def ornmed by inpact or the portions situated a little
nearer to the cERBaMStREncR¥adnse in eac%%@%@e%%%%@%%% of

the effective suffene gBado@f mTaER ,Sha@awispskn dilisd@ivn fwipiehhe center
of the mask, . an

onal ort| r.e not urround by
the skirt port|8ﬁt898§h§rﬁﬁb§ %%EF@P <§faéietu§$ St 4T §€ﬁface
porti ons -cannot ofintthegmapér bedty ﬁbasﬁﬂcleast<ﬁﬁ%naﬁﬂhhﬁ1dnsta@pehb pness

mol di ng operati @le 8BYizontal direction.

In the embodiment described above, moreover, the
configuration of the curved effective surface of the
body of the shadow mask is changed. In general, the

10 configuration of the curved effective surface of the
mask body is set in consideration of the distance
between the inner surface of the panel and the mask body
in addition to the configuration of the inner surface of
the effective area of the panel. Thus, the curved

15 effective surface configuration of the mask body
according to the above-described embodiment may be also
applied to the configuration of the inner surface of the
effective area of the panel. Furthermore, both the

- inner surface of the effective area and the effective

20 surface of the mask body should preferably be shaped as
aforesaid.

Since the outer surface of the panel has a substan-
tially spherical shape, the effective area of the panel
is thinner in its middle portion than in the vicinity of

25 its horizontal end portion if the inner surface of the
effective area has the aforementioned curved con-
figuration. A problem arises when a bulb of the color
cathode~ray tube is broken in a manner such that the end
portion of the effective area of the panel cracks and

30 the whole effective area scatters forward. If the panel
has the aforementioned thickness distribution, however,
the middle portion of the effective area cracks more
easily than the end portion thereof on the horizontal
axis. Even when cracks are caused, therefore, there is

'35 no possibility of the panel scattering forward. Thus,
the balance of the panel is improved so that the panel
can be prevented from flying out when it is broken, and



.35 remmin in the elastic deformation region. Cbnsequen |¥}15Baﬂﬂkbh3¥
fail to be forned into previously designed curved

_ he|r
strength is | owered. Moreover, “m\“\ﬂ
those portions easily resonate, causing a color drift.

present invention has been contrived in ordg to solve these problens,
and its object is to provide a col or { hode- ray tube capabl e of
preventing m sl andi ng

the panel weight can be reduced effectively.

According to the present invention, as described in
detail herein, at least one of the effective surface of
the substantially rectangular shadow mask and the inner

5 surface of the effective area of the panel is formed so
that, in the region near the horizontal axis, the radius
of curvature in the direction of the horizontal axis is
larger than the radius of curvature in the direction of
the vertical axis in a region substantially halfway

10 between the center and the horizontal end of the
surface, or in a region a little nearer to the horizon-
tal end than to the center, in particular, and so that,
in the region near the horizontal axis, the horizontal
radius of curvature is smaller than the vertical radius

15 of curvature in a region near the horizontal end. 1In
this arrangement, local thermal expansion of the shadow
mask attributable to impingement with electron beams can
be restrained to reduce the mislanding by only partially
changing the configurations of fhe mask and the panel

20 without any substantial modification. Also, deformation
by impact and resonance can be effectively reduced by
increasing the mechanical strength of the shadow mask.
This arrangement produces a great effect when it is
applied to a color cathode-ray tube whose panel and sha-

25 dow mask are flat, in particular.
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.5 “of the electron beam which is attributable to thermal expansi on
of a shadow mask caused—by—apingenent with el ectron beans,--and .. __
def ormati on or res f_the nmask cannot be easi ¥Spr t about by
i mpact or vibrati o(’immmmmmmm, use of a small-curvalfiigeese :
mask, let 10 al one acc Shdall shadow gask with a reﬂm - :
curvature. In order to achi eve fhe above objectl,

cat hode-ray tube according to the present invention conprises: a panel
havi ng a curved bfgﬁ&s§urface and a 15 substantial ly rectangul ar
effective area; a phosphor screen forned on the inner surface of the
panel ; and a curved shadow mask forned having a nunber of apertures

and a substantially rectangubabretheabuge ray tade lmigidsing: the inner
surface of the panel. The eif?ggsvgasurface of, the shadow nask has a
e

20
center through which BhB2Pf XAG FaSBEYedy NS S L passi ng
t hrough t he subshanatiahllyaspheghtainguéert sudiadeybearakis , swvat an-

tially rectangular effective area (20);
5 a phosphor screen (24) formed on the inner surface
of the panel; and
a curved shadow mask (25) formed having a number of
apertures through which electron beams pass and a
substantially rectangular effective surface facing the
10 inner surface of the panel, the effective surface of the
shadow mask having a center through which the tube axis
passes, a horizontal axis passing through the center and
at right angles to the tube axis, and a vertical axis
extending and at right angles to the tube axis and the
15 horizontal axis;
characterized in that:

- the outer surface of the panel (22) in the
effective area is formed so that there is a relation
ds/s £ 0.041, where d is the value of z of coordinates

20 (x, ¥, z)'at an end of the effective area along the
diagonal axis of the outer surface of the panel, and $S
is the effective dimension of the effective area with
respect to the direction of the diagonal axis, in a rec-
tangular coordinate system having a Z-axis coincident

25 with a tube axis extending through the center of the
outer surface of the panel, an X-axis coincident with a
horizontal axis extending through the center and at
right angles to the tube axis, and a ¥Y-axis coincident
with a vertical axis extending through the center and at

30 right angles to the tube axis and the horizontal axis,
and that there are relationships v < h < d and 2v < @ <
2h, where h and v are values of z of coordinates at
effective area ends along the X~ and Y-axes, respec-
tively; and

35 at least one of the effective surface of the shadow



.vertical axis extending through-the center and at right aﬁgl e ﬁ

tube axis and the horlzont At |least o ot ve
surface of the sh ‘ﬁnd the inner surface of ar ¢a
of the panel’ in the region | ocat

hori zontal axis, the radlus of curvature in_the direc- : tlon of the
hori zontal axis is larger than the radius ~of 30 curvature in the
direction of the vertical axis in a regi on substantially hal fway

bet ween the Centﬁésgo ?édanﬁ Eﬁéiéﬂﬂéﬁlsﬁggagf 5&6ﬁ$£1é¥3%c 'U%5%¥éémgf

in the region zonta hori zof
radi us of curvatthe panehniseformad Sﬁethéﬁbléﬂ thedinegizn lagated i ure

in a region neartﬁgeh39i25HEE§|a§E§ Pehe radiulsl @F curvature i tHe
effective area, glEggglgﬂtg% %ﬁesﬁogagggtal axis is larger than the
5 radius of curvature in the direction of the vertical
axis in a region substantially halfway between the
center and an axial end in the horizontal axis, and so
that, in the region located on the horizontal axis, the
horizontal radius of curvature is smaller than the
10 vertical radius of curvature in a region near the axial
' end portions in the horizontal axis.
2. A color cathode-ray tube comprising:
a panel (22) having a curved inner surface, a
substantially spherical outer surface, and a substan- -
15 tially rectangular effective area;
a phosphor screen (24) formed on 'the inner surface
of the panel; and '
a curved shadow mask (25) formed having a number of
apertures through which electron beams pass and a
20 substantially rectangular effective surface facing the
inner surface of the panel, the effective surface of the
shadow mask having a center through which the tube axis
passes, a horizontal axis passing through the center and
at right angles to the tube axis, and a vertical axis
25 extending and at right angles to the tube axis and the
horizontal axis;
characterized in that:
the outer surface of the panel (22) in the
effective area is formed so that there is a relation
30 d/s S 0.041, where 4 is the value of z of coordinates
(x, vy, z) at an end of the effective area along the
diagonal axis of the outer surface of the panel, and S
is the effective dimension of the effective area with
respect to the direction of the diagonal axis, in a rec-
35 tangular coordinate system having a 2-axis coincident
with a tube axis extending through the center of the
outer surface of the panel, an X-axis coincident with



-8- - outer surface of the panel is fornmed so that -t-here- 43 a—m it
relation d/S < 0.04I, where dis-the value of z of coor

y, z) at an end o rea al ong the di a3
outer surface of “mmﬁgmmlmmﬁ Sis the effective di igm
effective area with ¢ L respec o the diregction of the

a rec- t angul ar coordi nate system having~a Z-axi s coi nci dent mnth
a tube axis extending through the center of the outer surface of the
panel , an X-axi S? CRLPECL88LE1 Yk Is fedPena PRE' £RRBALRAENS RXLYY LGhd fyough

the center and

right angles to the tube axis, and a Y-axis coincident
with a vertical axis extending through the center and at
right angles to the tube axis and the horizontal axis,

5 and that there are relationships v < h < d and 2v < d <
2h, where h and v are values of z of coordinates at
effective area ends along the X- and Y-axes, respec-
tively; and

at least one of the effective surface of the shadow

10 mask (25) and the inner surface of the effective area of
the panel being formed so that, in the region located on
the horizontal axis, the radius of curvature in the
direction of the horizontal axis is larger than the
radius of curvature in the direction of the vertical

15 axis in a region ranging from the center of the surface
to a position at a distance a little longer than 50% of
the distance between the center and the horizontal end
from the center, and so that, in the region located on
the horizontal axis, the horizontal radius of curvature

20 is smaller than the vertical radius of curvature in a
region near the horizontal end portion.

3. A color cathode-ray tube according to claim 2,
characterized in that at least one the effective surface
of said shadow mask (25) and the inner surface of the

25 effective area of said panel (22) is formed so that the
radius of curvature in the direction of the horizontal
axis is larger than the radius of curvature in the
direction of the vertical axis in a region ranging from
the center of the surface to a position at a distance

30 equal to 65% of the distance between the center and the
horizontal end from the center

4. A color cathode-ray tube comprising:

a panel (22) having a cprved inner surface and a
substantially rectangular effective area;

35 a phosphor screen (24) formed on the inner surface
of the panel; and _

a curved shadow mask (25) formed having a number of



;rigHt angles to the tube axis, and a Y-axis coincident T with avertical
axi s extendi ng through the tenter and at ght angIEﬁsSheetHbssBeb lacedi S

and the horizont that there are relatlon

e g s
effective area ents a ong and Y-axesa resp

|f at | east one of the effective surface of *t he shadom/nask and t he

i nner surface of the effective area 20 of the panel is formed in this

manner, thermal 5?(%?9&%8% thro%lgfl gcﬁaé eftbbhbylable %é”@ grent with

el ectron can Ies the nechanlc St'ren h of
the mask is mpr%vbatag‘él@héy H§F§ﬁﬁﬁtlﬂ-éﬁ Bf ferpive sngface ﬁa@;\marme can

bﬁ rgduced_ 25 f:.nner dhdgackhesr ﬁﬂéﬁﬁaﬁélwlﬂﬁé’f @E@e%ftltdéessm a@éktﬂé‘

e Lot o shEat kbt fohel b Ehnep= HB-oee W, the I o

particular,Sthatpasgesn ef hohdzehidbwaxis passing through the center and
at right angles to the tube axis, and a vertical axis
extending and at right angles to the tube axis and the
horizontal axis;

characterized in that:

10 - the effective surface of the shadow mask (25) is
formed so that, in the region located on the horizontal
axis, the radius of curvature in the direction of the
horizontal axis is larger than the radius of curvature
in the direction of the vertical axis in a region

15 ranging from the center of the surface to a position at
a distance a little longer than 50% of the distance
between the center and the horizontal end from the
center, and so that, in the region located on the
horizontal axis, the horizontal radius of curvature is

20 smaller than the vertical radius of curvature in a
region near the horizontal end portion.



mask which involves the problem of deterioration of 30 color purity due -
to a high degree of thermal expansion i es substantially hal fway
bet ween the center and the hori zontal end of the effective surface of

the mask. In

mask, noreover

order to inprove the nmechanical strengthi stdet i BeSRIRN

the mask nust be subjected to perfect 35
deformation when it is press-nolded. To atfain this Eluk Hf 5
curvature of the mask in the direction of the horizo | d :

be reduced.
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Abstract: (FIG. 2)
"COLOR CATHODE~RAY TUBE"

A color cathode-ray tube includes a curved shadow
mask (25) formed having a number of apertures and a
substantially rectangular effective surface facing the
inner surface of a panel (22). The effective surface of
the shadow mask has a center through'which the tube axis
passes, a horizontal axis passing through the center and
at right angles to the tube axis, and a vertical axis
extending and at right angles to the tube axis and the
horizontal axis. The effective surface of the shadow
mask is formed so that, in the region located on the
horizontal axis, the radius of curvature in the direc-
tion of the horizontal axis of the surface is larger
than the radius of curvature in the direction of the
vertical axis of the surface in a region substantially
halfway between the center of the surface and a horizon-
tal end of the surface, and so that, in the region
located on the horizontal axis, the horizontal radius of
curvature is smaller than the vertical radius of cur-
vature in a region near the horizontal end portion.



.particecular, a lowstrength region of S situated a- - ----

little nearer to the center than the horizon- t al .
Thus, by making the horizontal radius of curvature 5 i Shec Has Bccn Replaced
vertical radius of curvature in the regi on subst ant Ellmlm' ﬂm E
bet ween the center and the hori zontal end of the ef of
t he shadow mask, as in the present invention, the thermal expansion
of the shadow nask attributable to the inpingenment with 10 the el ectron
beans in that region can be restrained effectively. Mreover, the
mechani cal strength of the shadow mask can be gffectively inproved to
reduce def or- mati on by inpact and resonance Wy maki ng the hori.zont al
radius of curvature snaller than the verticaks NOf curvature in
the horizontal end portions of the gpf feas velxur frace of the mask
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~This invention can be nore fully understood from the follow ng
detail ed description when taken in con- - junction with the
acconpanyi ng drawi ngs, in which: 20 FI GS. 1 t ahié Shderhius Beda®eplliced

cat hode-ray tube according to an errbodl ment of th ntion,
I n whi ch: FIG 1 is a longitudinal sec m t he
col or cathode-ray tube, 25 FIG 2 is a front vi ew

FIG 3 is a perspective view of an effective area of the panel, and
FIG 4 is a diagram showi ng the relationship bet ween the hori zontal
and vertical curvature radii of 30 2[1 effectlve surface of the body of a
shadow nask of the col or cathodedray tub ¥n the vici nity of the

hori zontal - axis of tpe mask; and 5 is a diagram show ng
the relationship 20bet vhgen - ' curvature radii
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35
the vicinpity of

col or cat hode-ray tube according to an enbodi ment

i nvention will

acconpanyi ng draw ngs.

cat hode-ray

an effective surface of the body of a conventional
t her eof .

t he *hori zont al axi-s

now be descri bed in detai

REPLACED SHEETS

SG
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Color cathode-ray tube
5
effective region of a panel.
10 and a shadow mask facing the screen.
the phosphor screen.
15
area.
20
peripheral portion of the mask body.
25

shadow mask in

A

of. the present

with reference to the

As shown in FIGS.. 1 and 2, the color
REPLACEMENT SHEETS SG

¥ Description : paged ... to paged .17,
B Claim(s)

DATE OF RECEIPT.. ol ...

The present invention relates to a color cathode-
ray tube, and more particularly, to a color cathode-ray
tube in which mislanding of beam attributable to thermal
expansion of a shadow mask and impact is reduced by
changing the configuration or curvature of the effective
surface of the mask and/or the inner surface of an

In general, a color cathode-ray tube comprises a
phosphor screen formed of three color phosphor layers

Three electron

beams emitted from an electron gun are sorted by means
of the shadow mask, and a color image is displayed on

The color cathode-ray tube comprises a rectangﬁlar
panel having an effective area whose inner surface is
formed essentially of a curved surface, and the phosphor
screen is formed on the inner surface of the effective

On the other hand, the shadow mask includes a

mask body, which has a substantially rectangular
effective surface, and a mask frame attached to the

The effective area

of the mask body is in the form of a curved surface
corresponding to the inner surface of the panel in con-
figuration and a number of electron beam apertures,
through which the electron beams pass, are formed in
thig*égrvgdfguifabéif'ﬁﬁé'shadow mask is supported on
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substantial ly ‘rectangul ar effective area 20 and
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regularly, emt
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red, green, and bl ue |ight beans, respectively. The

the i{mside effbliei panalecinoe manneneSyEBpdhat £lastdican-

‘tially Spherica&uﬁﬁ%fﬂﬂﬁeMbéPs? BhedRi enMtHedmakkY ¥rame is attaBirid,oned
| ater) such that ‘a %eLﬁeéted | mge, on_the guter s¥%{ace eﬁyernally
| ooks natural WR¥RobttEERsPRY Letailned pRsstye PAESHHR: it BARCLrhe i nne

surface of the

area In ordé@d besdibplapapecoloz dmagehdravdalg gowdhvamlor

hadow mck 25 ParFEEHCEEE TRABRRAAE, Skhktn) (TR MU CAiES dappade-ney

shadow nas

envel ope 40. Thetuhesgonstrue

10

15

20

25

30

35

ed " oppds osphor
Egdeénathis manner, the three electron

beams passed through their corresponding apertures of
the shadow mask must be landed exactly on the three
color phosphor layers which constitute the phosphor
screen. To attain this, the distance between the panel
and the shadow mask, especially the distance (value q)
between the inner surface of the effective area of the
pahel and the effective surface of the mask, should be
kept within an allowable range.

Conventionally, however, the body of the shadow
mask is formed of a thin carbon steel sheet, and the
quéntity of those electron beams which reach the
phosphor screen after passing through the apertures in
the effective surface of the mask body is not greater
than one third of the quantity of the electron beams
emitted from the electron gun, that is, most of the
electron beams impinge on the mask. As a result, the
shadow mask is heated to undergo.thermal expansion, and
the thin curved mask body, in particular, is subjected
to doming such that it bulges toward the phosphor
screen. If the height of the bulge attributable to the
doming exceeds the allowable range of the value g, the
electron beams land on the three color phosphor layers
with a lag, thereby deteriorating color purity. This
mislanding attributable to the thermal expansion of the
shadow mask varies depending on the electric current of
the electron beams, the size and duration of an image
pattern, etc.

'One such mislanding, attributable to the thermal
expansion of the shadow mask, lasts for a relatively
long period of time (30 minutes or more) before the tem-
perature of the mask body, which, thinner than the mask

d
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mask body 26, which has a substantially rectangul ar GPLACEMENT; SBEET) £ ace
a skirt port'lrhderhanHasrB@e lncpher 25 of the effé¢ctfive surface, anf a

and;
mask frame 27 W|t haped section attached tod@%gkqg% pbrtion
pf t he body

tlve surface is a curyed surf ace phi ch
I's formed having a nu ectron beam 3per - tes—A-ptural [ty
of elastic support nenbers 28 are 30 attached to tHe outer side facejof
the mask frane 27. The shadow mask 25 s unt ea—om-the 1T sl de of t he

panel 22 i nfzamgands Seataddmn the ijﬁ’d-tt’ﬁﬂ $539¢ Rf thppperatio
menbers 28 are f ot eleadliodt Aattbderdiay duald y ien tacansmi'@tematmtthef st ud

pms 29,00 e gy Surtace 0T A0 S5 S T Syl R BB
beans 32R, 32G amhesZaspeqﬁrﬂaxﬂamparatures of the mask frame and the
5 mask body are substantially equal. This mislanding can
be effectively corrected by interposing a bimetal element
between the mask frame and elastic support members
for supporting the shadow mask, as is described in Jpn.
Pat. Appln. KOKOKU Publication No. 44-3547, for example.

10 If a high-luminance image is locally displayed for a
relatively short period of time, however, the shadow
mask is subjected to a local thermal bulge, and the
resulting local mislanding cannot be corrected by means
of the bimetal element. :

15 A rectangular pattern for the mislanding
attributable to the thermal expansion of the shadow mask
was drawn on the phosphor screen by means of a signal
generator, and the size of the landing lag was measured
varying the shape and originating position of the

20 pattern. Thereupon, it was confirmed that the landing
lag was small when a high-current, high-luminance rec-
tangular pattern was formed substantially over the whole
region of the phosphor screen. It was also .ascertained
that the greatest landing lag was caused when a high-

25 current, high-luminance elongated rectangular pattern
was formed converging a little from the left- or right-

hand end (with respect to the horizontal axis or x-axis)
of the phosphor screen.

These phenomena can be easily understood from the

30 description to follow.

First, a TV set is generally designed so that an
average anode current applied to the cathode-ray tube,
that is, a current flowing through the anode for the
whole picture, should not exceed a given value. When a

35 large high-luminance rectangular pattern is formed on
" the phosphor screen in the aforesaid manner, therefore,
the beam current for each unit area of the shadow mask
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by "a deflectlng coi | d on the outside of

beams 5 are sort the shadow mask 2b

scan the phosphor screen horlzontally angd verticall '
color inmge is displayed on the effective area 20 of the panel 22.
As shown in FIGS. 2 and 3, the flatness of the 10 gter—surface ol the

effective area 26 dfovemr, pape@| the temperature rise of the mask is
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smaller, than when the a small high~luminance rec-
tangular,pattern is formed.

Secondly, when a high-luminance pattern is formed
on the central portion of the phosphor screen, a landing
lag cannot be easily caused even though the shadow mask
is subjected to thermal expansion. As the originating
position of the pattern shifts from the center of the
phosphor screen toward the left- and right-hand ends
thereof, the thermal expansion of the shadow mask
appears more frequently as a landing lag. At the oppo-
site ends the screen, however, the body of the shadow
mask is fixed by means of the mask frame, so that only a
small deformation is caused by the thermal -expansion.
Thus, if a high-luminance pattern is formed converging a
little from the left- or right-hand end of the phosphor
screen, that is, if a region intermediate between the
center and the horizontal end of the shadow mask, espe-
cially a region just outside the point halfway between
the center and the horizontal end of the mask, is
heated, then the mask undergoes a substantial thermal
expansion, resulting in the greatest landing lag.

When the shadow mask is located in a normal posi-
tion, an electron beam passing through one aperture
which is situated a little nearer to the center of the
mask than the horizontal end thereof lands exactly on
its corresponding phosphor layer. If a high-luminance
image is displayed by means of é high-current electron
beam passing near the specific ape}ture, however, the
shadow mask is subjected to thermal expansion in the
vicinity of the aperture by impingement with the
electron beam. This thermal expansion shifts the
position of the electron beam aperture, so that the
electron beam passing through this shifted aperture
ceases to land on the specified phosphor layer.

In most of modern color cathode-ray tubes, in par-
ticular, the effective area of the panel is flat, so
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is expressed as d/'S, where d (m Ts the value of z
coordi-nates (X, v, lei}SIaEtHahBecaRﬁTe@nd portion |al

| oug a. di agona %xis
D of the area 20, a is the effective gi fer@8Po¥ERM e
effective area 15 u
a rect angul ar coor di

o the direction of e di agonal axis} in

t em havi 8g-a Z-axi g, X-axis | png
axis), and Y-axis (short axis). The Z-axis is an ~axl-swhich extehds
t hrough the center O of the outer surface of the panel 22, and is
coi nci dent wi t thafe theeeffectingi susfacre ofathedbodyy afufde shadot axis is
a horizon- masil i@Xéﬁs&hﬂBteXtRﬂdérﬁhh@&?h the GeRidw thadkd id nidr@ht
angles to the Z-aXJﬁy %hg Y-aélﬁ |§ a_vetrtica aéls wg!ch,extends
through the cerRaF+EY MALFPHgRY Lhgroel expansjon,due g &fhe, jmpinge-
hori zont al axi qwerith whbthptheecele2bron bebodi madt a tsbshardri sdurlfeacHmg t he
panel 22 is for i?ﬂﬁ%ht /§e<c%ugéa; Since the outer surface of the
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panel 5 22 |§9a substantially spherical surface, the outer sur-
face of the effectivRigrdased A8 gpBedPait .r APPlinonKGKAL Publication

Nos. 61-163539 and 61-88427 is means for restraining the
mislanding by changing the configuration of a flat
shadow mask. According to color cathode-ray tubes which

—+

10 combines a flat panel and a flat shadow mask, however, a
satisfactory effect cannot be obtained from the con-
figuration of the shadow mask described in these
publications. Thus, in the modern color cathode-ray
tubes, the panel and the shadow mask are flatter than

15 the ones described in the above publications, and the
landing lag attributable to thermal expansion of the
mask by impingement electron beams is greater. In con-
sequence, the landing lag cannot be fully corrected with
use of the shadow mask configuration described in the

20 aforesaid publications. )

Disclosed in Jpn. Pat. Appln. KOKAI Publication
Nos. 64-17360 and 1-154443 is means for restraining the
landing lag attributable to thermal expansion of the
shadow mask by changing the curvature of the panel. If

25 the curvature of thé panel is changed, as described in
these publications, however, a satisfacﬁory effect
cannot be obtained for a substantially spherical flat
panel which ensures a natural agreeable reflection on
its outer surface, and has recently started to be used

30 practically.

The color cathode-ray tube whose panel and shadow
mask have flat effective surfaces involves the following
problems, as well as the thermal expansion of the shadow
mask. .

- 35 In the color cathode-ray tube whose panel has a
flat effective surface, the body of the shadow mask may
be formed of a low-expansion material, such as Invar,



given by v < h <d and 2v < d < 2h, where h and v ( EkACEWE%Q‘SBEEEs of
z..(depressi ons) of "coordinates at the axi al en rtirons al ongjthe X-
and Y-axes of the effec- tive area 20, respectilvel ygg SEP 1996 n
this arrangenent, the outer surface of the panel 1 122 1s flattengdjto a
hi gh degree, and a reflected imge 35 ongthe outer
| ooks natural w thout causi ng a sense of inconp t|b|||ty The fl af
out er surface can inprove the readi ng angl e for ‘the"pertpheral

- 12- besides a low-carbon steel sheet which is used for the

shadow mask of a conventional color cathode-ray tube.
Normally, the shadow mask body is press-molded to have a
predetermined curved surface after apertures are formed

5 . therein by photo-etching. 1In this case, a large-
curvature mask body can be subjected to appropriate

- plastic deformation to obtain a necessary mechanical

strength as it is press-molded. However, a flat mask
body cannot be subjected to satisfactory plastic

10 deformation, and inevitably involves local low-strength
portions. In other words, flattening the effective
surface of the shadow mask results in reduction in the
deformation and elongation of the mask during the press
molding operation. Therefore, some portions of the

15 shadow mask cannot be molded to a region for plastic
deformation, remaining in a region for elastic defor-
mation. 1In the case of a shadow mask which has a
substantially rectangular effective surface, in par-
ticular, its short sides, which are situated at a

20 distance in the direction of the horizontal axis from
the center, are more distant from the center than its
long sides, which are situated at a distance in the
direction of the vertical axis from the center.
Accordingly, those horizontal end portions of the mask

25 which are situated a little nearer to the center than
the short sides are the most fragile portions, which are
deformed by impact or the like. Thus, the portions
situated a little nearer to the center than the short
sides, on the horizontal axis of the effective surface

30 of the shadow mask, are distant from the center of the
mask, and, unlike diagonal portions, are not surrounded
by the skirt portion of the mask. Therefore, those
horizontal end portions cannot undergo perfect plastic
deformation during the press molding operation, and

-

35 remain in the elastic deformation region. Consequently,
they fail to be formed into previously designed curved
surfaces, and their strength is lowered. Moreover,



edge portion of the effective area 20, and further RE
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of the electron beam, which is attributable to thermal
expansion of a shadow mask caused by impingement with
electron beams, and deformation or resonance of the mask
cannot be easily brought about by impact or vibration,
even with use of a small-curvature flat shadow mask, let
alone a conventional shadow mask with a relatively large
curvature.

In order to achieve the above object, a color
cathode-ray tube according to the present invention
comprises: a panel having a curved inner surface and a
substantially rectangular effective area; a phosphor
screen formed on the inner surface of the panel; and a
curved shadow mask formed having a number of apertures
and a substantially rectangular effective surface facing
the inner surface of the panel. The effective surface
of the shadow mask has a center through which the tube
axis passes, a horizontal axis passing through the
center and at right angles to the tube axis, and a
vertical axis extending through:the center and at right
angles to the tube axis and the horizontal axis.

At least one of the effective surface of the shadow
mask and the inner surface of the effective area of the
panel is formed so that, in the region located on the
horizontal axis, the radius of curvature in the direc-
tion of the horizontal axis is larger than the radius of
curvature in the direction of the vertical axis in a
region substantially halfway between the center and a
horizontal end of the surface, and so that, in the
region located on the horizontal axis, the horizontal
radius of curvature is smaller than the vertical radius
of curvature in a region near the horizontal end por-
tion.

In the effective area, a substantially spherical



When the present invention is applied to a recently

cathode-ray tube in’which the aspect 20 rati o of thg D of
the panel 22 is 16:9, the flatness of the outer § |
S adjusted to the foll ow ng val ues. -
Tabl e 2 56-cm 66- cm - g6-cm e
24 inch) (8 inch) (32 inch) (36 inch) Tube Tube
Tube Tube d/ s 0. 038 0. 037 0. 038 0. 041
These degrees ofdutanusurﬁaeer@ﬁtth@tpﬂndbpbﬂdfugmed soolthefie therendsh aof
the cathode-ray ti cﬁp d%ﬁ 620! 6480 wher&lY" £5C HebGaiﬂJeO)bﬁdzb-‘éﬁ coorr
adj usting the flatness 0 oufer surface o he panel tO the ues
descri bed . afbnates (x, y, z) at an end of the effective area along
the dlagonal axis of the outer surface of the panel, and
5 S is the effective dimension of the effective area with

respect to the direction of the diagonal axis, in a rec-
tangular coordinate system having a Z-axis coincident
with a tube axis extending through the center of the
outer surface of the panel, an X-axis coincident with a

10 = horizontal axis extending through the center and at
‘right angles to the tube axis, and a Y-axis coincident
with a vertical axis extending through the center and at
right angles to the tube axis and the horizontal axis,
and that there are relationships v < h < d and 2v < 4 <

is 2h, where h and v are values of z of coordinates at
effective area ends aloang the X- and Y-axes, respec-
tively.

If at least one of the effective surface of the
shadow mask and the inner surface of the effective area

20 of the panel is formed in this manner, thermal expansion
of the mask attributable to impingement with electron
beams can be restrained, and the mechanical strength of
the mask is improved, so that deformation by impact and
resonance can be reduced.

25 Thus, the radius of curvature of the shadow mask in
the direction of the vertical axis thereof must be shor-
tened in order to restrain the thermal expansion of the
shadow mask. In particular, that'region of the shadow
mask which involves the problem of deterioration of

30 color purity due to a high degree of thermal expansion
lies substantially halfway between the center and the
horizontal end of the effective surface of the mask. In
order to improve the mechanical strength of the shadow
mask, moreover, the mask must be subjected to perfect

35 plastic deformation when it is press-molded. To attain
this, the radius of curvature of the mask in the
direction of the horizontal axis should be reduced. 1In



The curved effective surface of the mask body 26 is wwargggﬁﬁgﬁ%r ;

surf ace: expressed by 35 2 [err] 2 RiAPleh a
coefficient and AO= 0, in the rectan uWﬁT“EGB?Hinate
system of which the Z-axis 09 SEP 1996

particular, a low-strength region of’Lhersh556ﬁﬂﬁggiﬁzs

situated a little nearer to the center than the horizon-

tal end.
Thus, by making the horizontal radius of curvature
5 larger than the vertical radius of curvature in the

region substantially halfway between the center and the
horizontal end of the effective surface of the shadow
mask, as in the present invention, the thermal expansion
of the shadow mask attributable to the impingement with
10 the electron beams in that region can be restrained
effectively. Moreover, the mechanical strength of the
shadow mask can be effectively improved to reduce defor-
mation by impact and resonance by making the horizontal
radius of curvature smaller than the vertical radius of
15 curvature in the horizontal end portions of the effec-
tive surface of the mask.
This invention can be more fully understood from
the following detailed description when taken in con-
junction with the accompanying drawings, in which:

20 FIGS. 1 to 4 show a color cathode-ray tube
according to an embodiment of the present invention, in
which:

FIG. 1 is a longitudinal sectional view of the
color cathode-ray tube,
25 FIG. 2 is a front view of a panel,
FIG. 3 is a perspective viéw of an effective area
of the panel, and '
FIG. 4 is a diagram showing the relationship
between the horizontal and vertical curvature radii of
30 an effective surface of the body of a shadow mask of the
color cathode-ray tube in the vicinity of the horizontal
axis of the mask; and
FIG. 5 is a diagram showing the relationship
between the horizontal and vertical curvature radii of
35 an effective surface of the body of a conventional
shadow mask in the vicinity of the horizontal axis
thereof.



extends through the center of the effective surface an nt
with the tube dxis, 'the X-axis (long axis) Is a her Ch
extends through the center 5 and at right angles tojthe Z-gxi he

Y-axis (short axis) is a vertical axis which exté¢nds

center and at right angles to the Z-axis andpg he hori - zonta
FIG 4 shows the changes of the radius of cur- 10 vature, at the regioh
| ocated on the horizontal axis, of the effective sk
body 26 deterni ned A camorchtihode-tde bbby caégoading. tbnakl émbédiment

curve 37H ?ﬁofﬁrfeéélft hﬁ’iéét?@i@ﬂ Pﬂi%o@fkﬁgﬁ%g}iyiﬁeﬁf Bhﬂetaitlhe

regi on | ocated on i zon axi s, a curve represents
vertical radius ofitdurnefierence t@ethe aCCQ@QﬁQﬂ#@& @rawhBgszontal axis.

FIG 5 illustrates thes showﬁomlmslllprbﬁti 2, canaeableaabaahade\Nraysk
for com rlson ve 3 epLes iuées a panel 22,
horizontal radi } ﬁl}%so?ﬁt%v? %?%n@ rllﬂ ne P
having a substantially rectangular effective area 20 and
a skirt portion 21 on the periphery of the effective
area, and a funnel 23 bonded integrally to the skirt
portion 21 of the panel 22. Formed on the curved inner
10 surface of the effective area 20 is a phosphor screen 24
having three stripe-shaped color phosphor layers 15R,
15G and 15B which, arranged regularly, emit red, green,
and blue light beams, respectiv?ly. The outer surface
of the effective area 20 has the shape of a substan-
15 tially spherical surface with a predetermined curvature
(mentioned later) such that a reflected image on the
outer surface externally looks natural without causing a
sense of incompatibility. The inner surface of the area
20 has the shape of a nonspherical concave surface with
20 a predetermined curvature (mentioned later).
A shadow mask 25 is located opposite the phosphor
screen 24 in the envelope 40. The mask 25 includes a
mask body 26, which has a substantially rectangular
effective surface and a skirt portion on the periphery
25 of the effective surface, and a mask frame 27 with an
L-shaped section attached to the skirt portion of the
body 26. The effective surface is a curved surface
which is formed having a number of electron beam aper-.
tures. A plurality of elastic support members 28 are
30 attached to the ocuter side face of the mask frame 27.
The shadow mask 25 is mounted on the inside of the panel
22 in a manner such that fitting holes in the support
members 28 are fitted and retained individually on a
plurality of stud pins 29 on the inner surface of the
35 skirt portion 21 of the panel 22.
Meanwhile, an electron gun 32 for emitting three

aligned electron beams 32R, 32G and 32B is disposed in

7



20 hori zontal axis of the effective surface of the

curve 38V represents the vertical radius of curvat u 0

on the horizontal axis. A broken line 39 indicate}p : hgfsgpdp%h
effective surface with respect to the direction of {he horizontal
axi s. As seen from conpari son bBethMeen FI GS. —b—tte

shadow mask 25 according to the present enbodinent is characterize
in that the curves 37H and 37V cross each trar—The rel ation

bet ween the radi @ #ecku30 3 thaifwnngly 2he é‘hee@th% %eq%m&%mt al
and verti cal emidPtRY Iﬁdnevtﬁfes n &2 a:ﬁwldraﬂ@tctaaailw WL pPBlato

0,
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e portion on t 0r| on axi's 1s larg
scan the phosphor screen 24 horizontally and vertically,
whereby a color image is displayed on the effective area
20 of the panel 22.
As shown in FIGS. 2 and 3, the flatness of the
10 outer surface of the effective area 20 of the panel 22
is expressed as d/S, where d (mm) is the value of z
(depression) of coordinates (x, y, z) at the axial end
portion along a diagonal axis D of the area 20, and S
(mm) is the effective dimension of the effective area
15 with respect to the direction of the diagonal axis, in a
rectangular coordinate system having a Z-axis, X-axis
(long axis), and Y-axis (short axis). The Z-axis is an
axis which extends through the center O of the outer
surface of the panel 22, and is coincident with the tube
20 axis of the cathode~ray tube. The X-axis is a horizon-
tal axis which extends through the center O and at right
angles to the Z-axis. The Y-axis is a vertical axis
which extends through the center O and at right angles
to the Z-axis and the horizontal axis. 1In the present
25 embodiment, the outer surface of the panel 22 is formed
with d4/S £ 0.041. Since the outer surface of the panel
22 is a substantially spherical surface, the outer sur-
face of the effective area 20 is based on relationships
given by v < h < d and 2v < d < 2h; where h and v (mm)
30 are values of z (depressions) of coordinates at the
axial end portions along the X- and Y-axes of the effec-
tive area 20, respectively.
In this arrangement, the outer surface of the panel
22 is flattened to a high degree, and a reflected image
35 on the outer surface externally looks natural without
causing a sense of incompatibility. The flat outer
surface can improve the reading angle for the peripheral




hori zontal radius of curvature (curve 38H) throughout gﬁ?ﬁAﬁﬁﬁﬂﬂW{nﬂﬁﬁT

t he. center of t'he ndsk body to the effec- tive surfad -6
shadow mask 25 according to t he present enbodi nent, ijn ab é ¥g
this, the 5 hori zontal radius of curvature (curve 37H) df |t p@é L
tion on the horizontal axis is larger tham tlkze-verti cal radi us_of

curvature (curve 37V) on the side of the

edge portion of the effective area 20, ana further
reduces the apparent distortion of a picture, which
depends on the view angle, and the angle of reflection
of external light, thereby providing a satisfactory

5 image. P

The degrees of flatness (d/S) of the outer surface

of the panel 20 were compared between color cathode-ray
tubes according to the present embodiment and conven-
tional color cathode-ray tubes, having effective

10 diagonal dimensions of 59 cm (25 inches), 68 cm
(29 inches), and 80 cm (32 inches), individually. The
result of the comparison is shown in the table below.

Table 1

5 cm| 68 cm | 80 cm
Picture Tube of Invention | 0.037 | 0.036 | 0.041
Prior Art Picture Tube 0.048.1 0.054 | 0.063

15

When the present invention“is applied to a recently
developed wide cathode-ray tube in which the aspect
20 ratio of the effective area 20 of the panel 22 is 16:9,
the flatness of the outer surface of the panel is
adjusted to the following wvalues.

Table 2
25 755 Tem) | {55 Tncn) | 152 Tnen) | 355 Tnen:
inc inc inc
$agetre) | (2R | (38 fobe
d/s 0.038 0.037 0.038 0.041

These degrees of flatness are restricted depending
on the strength of the cathode-ray tube. An agreeable
30 picture can be enjoyed by adjusting the flatness of the
outer surface of the panel to the values described
above. '
The curved effective surface of the mask body 26 is
a nonspherical surface expressed by
35 2
z = go j},‘ A3i44X2]y2i

where A3j;§ is a coefficient and Ap = 0, in the



center of the mask body 26. The rel ati on between the

i s«reversed at ‘the poi nt at the distance 10 equal to
distance A fromthe center of the effective surfacq.
side of the effec- tive surface end, the horizontal}
curvature is snmal | er than the vertieal3radi us of curvature
The fl atness of the shadow mask 25 according to the 15 pr esent
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enbodi ment, with respect to the whol e picture, i s abeut—t—3—tTMMES as
high as that of rhetacgudari eesrdinate system efskhdsbhwthe Fraxis.

Srbodi mant - i ho_ SAEERES tArough thes C%Q*@Qﬁvfﬁfﬁféwedﬁfﬂwh ce 2nd
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shadow mas I'n VICInI I ye t
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respect to Fhe di %hSre2 XIS, Hori“Zont
radi us of curvat 8xds25is a( pMtical] axde whﬁcwhe@¢an93nﬁhnqnghrthethe
hori zont al center and at right angles to the Z-axis and the hori-

zontal axis.

FIG. 4 shows the changes of the radius of cur-

10 vature, at the region located on the horizontal axis, of
the effective surface of the mask body 26 determined
according to the above equation. In FIG. 4, a curve 37H
represents the horizontal radius of curvature of the
region located on the horizontal axis, and a curve 37V

15 represents the vertical radius of curvature of the
region on the horizontal axis. FIG. 5 iilustrates the
configuration of a conventional .shadow mask for com-
parison. In FIG. 5, a curve 38H represents the
horizontal radius of curvature of the region on the

20 horizontal axis of the effective surface of the mask
body, and a curve 38V represents the vertical radius of
curvature of the region on the horizontal axis. A
broken line 39 indicates the end of the effective
surface with respect to the direction of the horizontal

25 axis.

As seen from comparison between FIGS. 4 and 5, the
shadow mask 25 according to the present embodiment is
characterized in that the curves 37H and 37V cross each
other so that the relation between the radii of cur-

30 vature in the directions of the horizontal and vertical
axes is reversed, at a point at a distance equal to
about 65% of the distance A (see FIG. 1) between the
center (effective surface center) of the mask body 26
and the end of the effective surface, from the center.

35 In the conventional shadow mask shown in FIG. 5,
the vertical radius of curvature (curve 38VvV) of the
portion on the horizontal axis is larger than the
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radi us of curvature (38H) of the conventional shadow REPLAQE&E*{ 3““363
amoo. “ with the effective surface of the mask hody 26
in this manner, the thernmal expansion of the 30 mask,| 4hiGH Sﬁaf’eag%o
caused nost frequently in a regi on substantially hﬂ%%ﬂﬁxﬂﬁﬁilfﬁﬂL
center and the hori zontal effectivelgurface end qf e mask body,
I npi ngenment with el ectron beans, can be effectively
reduci ng the vertical radius.of curvature 35 of the n1dd|e re on Thus,
di sl ocati on ofhehtzepbal radiusiafesuzvetipe: {EMEVEo 38 ha RHansi on

of the sPRo¥r8RSEreanthe ekheet ¥el theehlasd MRS e;dwldaec-
tive surface end. In the shadow mask 25 according to
the present embodiment, in contrast with this, the
5 horizontal radius of curvature (curve 37H) of the por-

tion on the horizontal axis is larger than the vertical
radius of curvature (curve 37V) on the side of the
center of the mask body 26. The relation between the
curvature radii is reversed at the point at the distance

10 equal to about 65% of the distance A from the center of
the effective surface.- Thus, on the side of the effec-
tive surface end, the horizontal radius of curvature is
smaller than the vertical radius of curvature.

The flatness of the shadow mask 25 according to the

15 present embodiment, with respect to the whole picture,
is about 1.3 times as high as that of the conventional
shadow mask shown in FIG. 3. Nevertheless, according to
the shadow mask 25 of the present embodiment, the
vertical radius of curvature (37vV) in the middle portion

20 of the horizontal axis is 1,400 mm, which is equivalent
to the vertical radius of curvature (38V) for the con-
ventional shadow mask. In the vicinity of the effective
surface end with respect to the direction of the
horizontal axis, the horizontal radius of curvature

25 (37H) is 1,100 mm, which is smaller than the horizontal
radius of curvature (38H) of the conventional shadow
mask at 1,200 mm.

with the effective surface of the mask body 26

éhaped'in this manner, the thermal expansion of the

30 mask, which used to be caused most frequently in a
region substantially halfway between the center and the
horizontal effective surface end of the mask body, by
impingement with electron beams, can be effectively
restrained by reducing the vertical radius of curvature

35 of the middle region. Thus, dislocation of the aper-
tures attributable to the thermal expansion of the
shadow mask can be effectively restrained by reducing
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the vicinity of the effective surface end with rgspe FH
direction of 5 the horizontal axis, noreover, the.stjrdngth of that |
portion of the press-nolded mask body whi€hihas the ] | owest nechani ¢al
strength can be inproved, so that def or mati on by “-rpact—and—color
drift attributable to resonance can be restrained. 10 It is
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effective surface end with respect to the direction of

5 the horizontal axis, moreover, the strength of that
portion of the press-molded mask body which has the
lowest mechanical strength can be improved, so that
deformation by impact and color drift attributable to
resonance can be restrained.

10 It is to be understood that the present invention
is not limited to the embodiment described above, and
that various changes and modifications may be effected
therein by one skilled in the art without departing from
the scope or spirit of the invention. In the shadow

15 mask -according to the above-described embodiment, for
example, the relation between the horizontal and ver-
tical radii of curvature of the region located on the
horizontal axis of the effective surface is reversed at
the point at the distance equal .to about 65% of the

20 distance A between the center of the mask body and the
effective surface end, from the center in the horizontal
direction. Thus, the vertical radius of curvature is
smaller than the horizontal radius of curvature in the
region ranging from the center of the mask body to the

25 point at the distance equal to about 65% of the distance -
A. As in the case of the foregoing embodiment, however,
the thermal expansion of the shadow mask attributable to
the impingement with the electron beams can be
restrained to reduce the mislanding by making the

30 vertical radius of curvature of the mask near the
horizontal axis smaller than the horizontal radius of
curvature in the region ranging from the center of the
mask body to a point at a distance equal to at least
about 50% of the distance A.

35 The same effect of the foregoing embodiment can be
ensured for the mechanical strength of the mask body by -
making the horizontal radius of curvature of the mask



the scope of the invention as defined in the clainms. In
mask agcording to the above-described enbodi nent, for

refati on between the horizontal and ver- tlcal ra

the region | ocated on the hori zontal axis of the ¢

reversed at the point at the distancggequal to ab

di stance A between the center of the nmask body and the effectlve
surface end, fromthe center in the horizontal di r eetiom=—Tus, 1T he
vertical radi usnebrctheahordzicntal axdsaished learkhamne the iveoritigak adi us of
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In the embodiment described above, moreover, the

configuration of the curved effective surface of the
body of the shadow mask is changed. In general, the

10 configuration of the curved effective surface of the
mask body is set in consideration of the distance
between the inner surface of the panel and the mask body
in addition to the configuration of the inner surface of
the effective area of the panel. Thus, the curved

15 effective surface configuration of the mask body
according to the above-described embodiment may be alsc
applied to the configuration of the inner surface of the
effective area of the panel. Furthermore, both the
inner surface of the effective area and the effective

20 surface of the mask body should preferably be shaped as
aforesaid. |

Since the outer surface of the panel has a substan-

tially spherical shape, the effective area of the panel
is thinner in its middle portion than in the vicinity of

25 its horizontal end portion if the inner surface of the
effective area has the aforementioned curved con-
figuration. A problem arises when a bulb of the color
cathode-ray tube is broken in a manner such that the end
portion of the effective area of the panel cracks and

30 the whole effective area scatters forward. If the panel
has the aforementioned thickness distribution, however,
the middle portion of the effective area cracks more
easily than the end portion thereof on the horizontal
axis. Even when cracks are caused, therefore, there is

35 no possibility of the panel scattering forward. Thus,
the balance of the panel is improved so that the panel
can be prevented from flying out when it is broken, and
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near the horizontal axis smaller. than the vertical ‘radi us of

curvature in each of the | ow strength regions

the panel weight can be reduced effectively.

According to the present invention, as described in
detail herein, at least one of the effective surface of
the substantially rectangular shadow mask and the inner

5 surface of the effective area of the panel is formed so
that, in the region near the horizontal axis, the radius
of curvature in the direction of the horizontal axis is
larger than the radius of curvature in the direction of
the vertical axis in a region substantially halfway

10 ' between the center and the horizontal end of

the

surface, or in a region a little nearer to the horizon-
tal end than to the center, in particular, and so that,
in the region near the horizontal axis, the horizontal
radius of curvature is smaller than the vertical radius

15 of curvature in a region near the horizontal end.

In

this arrangement, local thermal expansion of the shadow
mask attributable to impingement with electron beams can
be restrained to reduce the mislanding by only partially
changing the configurations of ﬁhe mask and the panel
20 without any substantial modification. BAlso, deformation
by impact and resonance can be effectively reduced by

increasing the mechanical strength of the shadow mask.

This arrangement produces a great effect when it is
applied to a color cathode-ray tube whose panel and sha-

25 dow mask are flat, in particular.



of the shadow mask, that is, in each region which ext ends fron1th
horizgntal end of t he effectlve ‘surface 5 of the mas
R RCEMENT [SHE

20%0f the dist jmmﬂl ""”mlu hori zontal direction he
enbodi nent desc ver, the configulation of thsécurVed

effective surface of the ® ~ % Body o; the shadow mask {s|clh§&ER 19
general, the 10 configuration of 7t &

—

curved effective $urface of th

mask body is set in consideration of the distance b 8N t he inner
surface of the p@heimsnd t he nask body in addition to the ,
configuration of the inner surface of the effective area of the panel:

Thus, the curved 15 effective surface configuration of the mask body
according to the abovd-dedeGHRF GAIdRGRTHA bR @pmBrisingapplied to the

configuration.of the iangRneurfzre Kivid a curﬁgdexﬁmgg suedack,t he pane
Furt her nor e, bOthP¥ % |nner surface of, the ef ectlvenarea d ghe
ef fective 20 srentially qﬁﬁéﬁsﬁﬂﬁﬁﬂ 2ranl 9783 sHRPREAS
tially rectangular effective area (20);
5 a phosphor screen (24) formed on the inner surface
of the panel; and
a curved shadow mask (25) formed having a number of
apertures through which electron beams pass and a
substantially rectangular effective surface facing the
10 inner surface of the panel, the effective surface of the
shadow mask having a center through which the tube axis
passes, a horizontal axis passing through the center and
at right angles to the tube axis, and a vertical axis
extending and at right angles to the tube axis and the
15 horizontal axis;
characterized in that:
the outer surface of the panel (22) in the
effective area is formed so that there is a relation
d/s S 0.041, where d is the value of z of coordinates
20 (x, y. 2z) at an end of the effective area along the
diagonal axis of the outer surface of the panel, and S
is the effective dimension of the effective area with
respect to the direction of the diagonal axis, in a rec-
tangular coordinate system having a Z-axis coincident
25 with a tube axis extending through the center of the
outer surface of the panel, an X-axis coincident with a
horizontal axis extending through the center and at
right angles to the tube axis, and a Y-axis coincident
with a vertical axis extending through the center and at
30 right angles .to the tube axis and the horizontal axis,
and that there are relationships v < h < d and 2v < d <
2h, where h and v are values of z of coordinates at
effective area ends along the X- and Y-axes, respec-
tively; and
3s at least one of the effective surface of the shadow
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tlaILy spheric EI ective area of the pa1e S th|n
its mddle porﬁmmmm m I‘wci nity of 25 its holi DhSEP 186

if the i nner surfate bf thé * effective area has {hg aforenentio
curved con- figuration. A probdem arises when aj b = j
cat hode-ray tube is broken in a manner such that theigend . ortion jof
the effective area of the panel cracks and 30 the whol € effective area
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axis in a region substantially halfway between the
center and an axial end in the horizontal axis, and so
that, in the region located on the horizontal axis, the
horizontal radius of curvature is smaller than the
10 vertical radius of curvature in a region near the axial
"~ end portions in the horizontal axis.
2. A color cathode-ray tube comprising:
a panel (22) having a curved inner surface, a
substantially spherical outer surface, and a substan-
is5 tially rectangular effective area;
a phosphor screen (24) formed on the inner surface
of the panel; and :
a curved shadow mask (25) formed having a number of
apertures through which electron beams pass and a
20 substantially rectangular effective surface facing the
inner surface of the panel, the effective surface of the
shadow mask having a center through which the tube axis
passes, a horizontal axis passing through the center and
at right angles to the tube axis, and a vertical axis
25 extending and at right angles to the tube axis and the
horizontal axis;

characterized in that:
the outer surface of the panel (22) in the
effective area is formed so that there is a relation
30 d/S £ 0.041, where 4 is the value of z of coordinates
(x, v, z) at an end of the effective area along the
diagonal axis of the outer surface of the panel, and S
is the effective dimension of the effective area with
respect to the direction of the diagonal axis, in a rec-
35 tangular coordinate system having a Z-axis coincident
with a tube axis extending through the center of the
outer surface of the panel, an X-axis coincident with

This Sheet Has Been Ré faced
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According to the present invention, as described in det ai | g at
| east one of ﬁl"“ ‘Lu"a“s‘ rface of the substantilal 09 SER{ ééul ar
shadow nask & surface of the effective prea of _the pdndl
I's formed so th at, in the regi-opo near the horizontal—axis, the radips

of curvature in the dlrectlon of the horizontal axis
the radius of curvature in the direction of -
a horizontal axis extending through the center and at

right angles to the tube axis, and a ¥Y-axis coincident
with a vertical axis extending through the center and at
right angles to the tube axis and the horizontal axis,

5 and that there are relationships v < h < d and 2v < d <
2h, where h and v are values of z of coordinates at
effective area ends along the X- and Y-axes, respec-
tively; and

at least one of the effective surface of the shadow

10 mask (25) and the inner surface of the effective area of
the panel being formed so that, in the region located on
the horizontal axis, the radius of curvature in the
direction of the horizontal axis is larger than the
radius of curvature in the direction of the vertical

15 axls in a region ranging from the center of the surface
to a position at a distance a little longer than 50% of
the distance between the center and the horizontal end
from the center, and so that, in the region located on
the horizontal axis, the horizontal radius of curvature

20 is smaller than the vertical radius of curvature in a
region near the horizontal end portion.

3. A color cathode-ray tube according to claim 2,
characterized in that at least one the effective surface
of said shadow mask (25) and the inner surface of the

25 effective area of said panel (22) is formed so that the
radius of curvature in the direction of the horizontal
axis is larger than the radius of curvature in the

direction of the vertical axis in a region ranging from
the center of the surface to a position at a distance
30 equal to 65% of the distance between the center and the
horizontal end from the center
_4. A color cathode-ray tube comprising:
a panel (22) having a curved inner surface and a
substantially rectangular effective area;
35 a phosphor screen (24) formed on the inner surface
of the panel; and
a curved shadow mask (25) formed having a number of
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so that, #egd Ork near the horizontal axi g, orizontja
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t hermal expansi on of the shadow mask attri but TTTpT

el ectron beans apertures thresgh ailnbch tel ectivore béamsi passdiandby onl y
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i ed
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at right angles to the tube axis, and a vertical axis
extending and at right angles to the tube axis and the
horizontal axis;

characterized in that:

10 - the effective surface of the shadow mask (25) is
formed so that, in the region located on the horizontal
axis, the radius of curvature in the direction of the
horizontal axis is larger than the radius of curvature
in the direction of the vertical axis in a region

15 ranging from the center of the surface to a position at
a distance a little longer than 50% of the distance
between the center and the horizontal end from the
center, and so that, in the region located on the
horizontal axis, the horizontal radius of curvature is

20 smaller than the vertical radius of curvature in a

| region near the horizontal end portion.
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substantlally spherical outer surface, and a substan-
rectangul ar effective area (20); 5 a phospho cbqﬁBEPZW96f

on the inner

10

15

~ O ains: 1. A color cathode~&ay~fube
a panel (22) having a curved IREELBsurfac St
““tially

surface of the-@nel; and

Abstract: (FIG. 2)
YCOLOR CATHODE~RAY TUBE"

A color cathode-ray tube includes a curved shadow
mask (25) formed having a number of'apertureé and a
substantially rectangular effective surface facing the
inner surface of a panel (22). The effective surface of
the shadow mask has a center through which the tube axis
passes, a horizontal axis passing through the center and
at righE angles to the tube axis, and a vertical axis
ektending and at right angles'to the tube axis and the
horizontal axis. The effective surface of the shadow
mask is formed so that, in the region located on the
horizontal axis, the radius of curvature in the direc-
tion of the horizontal axis of the surface is larger
than the radius of curvature in the direction of the
vertical axis of the surface in a region substantially
halfway between the center of the surface and a horizon-
tal end of the surface, and so that, in the region
located on the horizontal axis, the horizontal radius of
curvature is smaller than the vertical radius of cur-
vature in a region near the horizontal end portion.
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extendi ng through the center and at ri ght angl es
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mask frame to establish a thernal equlllbrlum

‘the respective temperatures of the mask frame

mask body are substantially equal.

er
such that

and the

. This mlslapdlng'can
be effectively corrected by interposing a bimetal element

between the mask frame and elastic support members
for supporting the shadow’'mask, as is described in Jpn.
Pat. Appln. KOKOXU Publication No. 44-3547, for example.

If a high-luminance image is locally displayed
relatively short period of time, however., the

for a
shadow

mask is subjected to a local thermal bulge, and the

resulting local mislanding cannot be corrected
of the bimetal element.

by means

A rectangular pattern for examining the mislanding

attributable to the thermal expansion of the s
was drawn on the phosphor screen by means of a
generator, and the size of the landing lag was

hadow mask
signal
measured

varying according to the shape and originating position of the

pattern. Thereupon, it was confirmed that the
lag was small when afhigh—purrent, high-lumina
tengular pattern was formed substantially over
region of the phosphor screen. It was also as
that the greatest landing lag was caused when
current, high-luminance elongated rectangular
was formed a little from the left-
hand end (with respect to the horizontal axis
of the phosphor screen.

These phenomena can be easily understood
description to follow.

First, a TV set is generally designed so
average anode current applied to the cathode-r

that is,

whole picture, should not exceed a given value.

large high-luminance rectangular pattern is fo
the phosphor screen in the aforesaid manner, t
the beam current for each unit area of the sha

landing
nce rec-

the whole
certained
a.high-
pattern
or right-
or xX-axis)

from the

that an
ay tube,

a current flowing through the anode for the

When a
rmed on

herefore,
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ransmﬁtﬁéaefo(@gé having a
surface
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. 15 tially rectangul ar effective area; cen (24
formed on the inner surface of the panel; REPEA@@ﬁﬁBﬁPSH urveg :
shadow mask (25) formed having a nunber of apertures throufhj which
el ectron beans (32R, 32B, 32G) pass 20 and a s .b<ta113|J4Jll 999Bec apgul ar
effective surface facing the i nner. surface(off the panel, e
effective surface of the shadow TrésK havi n center tnrough whi ch
t he tube axis(z) passes a horizontal axis|(x)_passing through the
center and rjig u X vaitical axis(y)
25 ext endi g a?'%éq a#t’ ?ﬁtﬂ t an%F}ﬂg {glﬁf‘% Q‘?'u engfgggn%lﬁq
hori zont al aX|smaller, than w@ﬁarébeealﬁﬂﬂih hRighaluminance rec- t he outer

surface of the %%k é&nthg fornedeffectlve area is forned so that
there is a relatlon 30 d/S < % ere d is the, val ue %f
coor di nat es Secapdly), é’thean ehiohs é‘aEF‘PeE??W‘hr’e‘"a QI’:B‘ﬁg t he

di agonal &xis ¢ e cenitaralswokédenodf tite phosphoanskiSeen, a landing
lag cannot be easily caused even though the shadow mask
is subjected to thermal expansion. As the originating
position of the pattern shifts from the center of the
phosphor screen toward the left- and right-hand ends

10 thereof, the thermal expansion of the shadow mask
' appears more frequently as a landing lag. At the oppo-
‘'site ends of the screen, however, the body of the shadow
mask is fixed by means.of the mask frame, so that only a
small deformation is caused by the thermal expansion.
15 Thus, if a high-luminance pattern is formed a
little from the left- or right-hand end of the phosphor
screen, that is, if a region 'intermediate between the
center and the horizontal end of the shadow mask, espe-
cially a region just outside the point halfway between
20 the center and the horizontal end of the mask, is
heated, then the mask undergoes a substantial thermal
'expansion, resulting in the greatest landing lag.
when the shadow mask is located in a normal posi-
tion, an electron beam passing through one aperture
25 which is situated a little nearer to the center of the
mask than the horizontal end thereof lands exactly on
its corresponding phosphor layer. If a high-luminance
image is displayed by means of a high-current electron
beam passing near the specific aperture, however, the
30 shadow mask is subjected to thermal expansion in the
vicinity of the aperture by impingement with the
electron beam. This thermal expansion shifts the
position of the electron beam azperture, so that the
electron beam passing through this shifted aperture
35 ceases to land on the specified phosphor layer.
In most of modern color cathode-ray tubes, in par-
ticular, the.effective area of the panel is flat, so
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that the effective surface of the body of the shadow
mask is also flat. Accordingly, the shadow mask is more
easily deformed by thermal expansion due to the impinge-
ment with the electron beam, and a substantial landing
lag is liable to be caused. )

Disclosed in Jpn. Pat. Appln. KOKAI Publication
Nos. 61-163539 and 61-88427 is means for restraining the
mislanding by changing the configuration of a flat
shadow mask. According to color cathode-ray tubes which
combine a flat panel and a flat shadow mask, however, a
satisfactory effect cannot be obtained from the con-
figuration of the shadow mask described in these
publications. Thus, in the modern color cathode-ray
tubes, the panel and the shadow mask are flatter than
the ones described in the above publications, and the
landing lag attributable to thermal expansion of the
mask by impingement electron beams is greater. In con-
sequence, the landing lag cannot be fully corrected with
use of the shadow mask configuration described in the
aforesaid publicatiops.

Disclosed in Jpn. Pat. Appln. KOKAI Publication
Nos. 64-17360 and 1-154443 is means for restraining the
landing leag attributable to thermal expansion of the
shadow mask by changing the curvature of the panel. If
the curvature.of the panel is changed, as described in
these publications, however, a satisfactory effect
cannot be obtained for a substantially spherical flat
panel which ensures a natural agreeable reflection on
its outer surface, and has recently started to be used
practically. |

The color cathode-ray tube whose panel and shadow
mask have flat effective surfaces involves the following
problems, as well as the thermal -expansion of the shadow
mask.

In the color cathode-ray tube whose panel has a
flat effective surface, the body of the shadow mask may
be formed of a low-expansion material, such as Invar,
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,portlon of the press-molded mask body which has the

lowest mechanical strength can be improved, so that
deformation by impact and color drift attributable to
resonance can be restrained.
10 It is to be understood that the present invention
~ is not limited to the embodiment described above, and
that various changes and modifications rnay be effected
therein by one skilled in the art without departing from
the scope of the invention as defined in the claims. 1In the
15 shadow mask according to the above-described embodiment, for
example, the relation between the horizontal and ver-
tical radii of curvature of the region located on the
horizontal axis of the effective surface is reversed at
) ‘the point at the distance equal .to about 65% of the
20 distance A between the center of the mask body and the
effective surface end, from the center in the horizontal
direction. Thus; the vertical radius of curvature is
smaller than the horizontal radius of cuivature_in the
. region ranging from th center of the mask body to the
25 ' point at the distance equal to about 65% of the'distaﬁce
A. As in the cese of the foregoing embodiment, however,
the thermal expansion of the shadow mask attributeble to-
the impingement with the electron beams can ke
restrained to reduce the mislanding by making the
30 vertical radius of curvature of the mask near the
horizontal axis smaller than the horizontal radius of
curvature in the region ranging from the center of the
mask body to a point at a distence equal to at leest
eabout 50% of the distance A.
35 The same effect of the foregoing embodiment can be
" ensured for the mechanical strength of the mask body by
making the horizontal radius of curvature of the mask
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hode-ray tube conpri sing: a panel (22) having a

of t

substantially spherical outer surface, and a substan-
tially rectangular effective area (20);

a phosphor screen (24) formed on the inner'gurface
of the panel; and '

a curved shadow mask (25) formed having a number of
apertures through which electron beams (32R, 32B, 32G) pass
and a substantially rectangular effective surface facing the
inner surface of the panel, the effective surface of the
shadow mask having a center through which the tube axis (2)
passes, a horizontal axis (x) passing through the center and
at right angles to the tube axis, and a vertical axis (y)
extending and at right angles to the tube axis and the
horizontal axis;

characterized in that:

the outer surface of the panel (22) in the

.effective area is formed so that there is a relation

d/s € 0.041, where d is- the value of z of coordinates

(X, y, z) at an end of the effective area along the

diagonal axis of the outer surface of the panel, and §“
is the effective dimension of the effective 'area with

‘respect to the direction of the diagonal axis, in a rec-

tangular coordinate system having a Z-axis coincident
with a tube axis extending through the center of the
outer surface of the panel, an X-axis coincident with a
horizontal axis extending through the center and at
right angles to the tube axis, and a Y-axis coincident
with a vertical axis extending through the center and at
right angles to the tube axis and the horizontal axis,
and that there are relationships v < h < d and 2v < 4 <
2h, where h a2nd v are values of z of coordinates at
effective area ends along the X- and Y-axes, respec-
tively; and

at least one of the effective surface of the shadow

curved inner surface.angd aolor ca5h$&§éﬁﬁyéﬂdﬁe m@g@@ﬁg@h . effective area;

35 a phosphor screg &é formed on the i,nner_ sur
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mask (25) and the inner surface of the
the panel is formed so that, in the region located on
the horizontal axis, the radius of curvature in the

area ox

direction of the horizontal axis is larger than the
radius of curvature in the direction of the vertical
axis in a region substantially halfway between the .
center and an axial end in the horizontal axis, and so
that, in the region located on the horizontal ax&s, the
horizontal radius of curvature is smaller than the
vertical radius of curvature in a region near the axial
end portions in the horizontal axis.

2. A color cathode-ray tube comprising:

a panel (22) having a curved inner surface, a
substantially spherical outer surface, and a substan-
tially rectangular effective area;

2 phosphor screen (24) formed on the inner surface
of the panel; and

a curved shadow maé& (25) formed having a number of
apertures through which electron beams (32R, 32B, 32G) pass
and a substantially rectangular effective surface facing the

inner surface of the panel, the effective surface of the

shadow mask having a center through which the tube axis(z).

passes, a horizontal axis (x) passing through the center and
at right angles to the-tube axis, and a vertical axis(y)
extending and at right angles to the tube axis and the
horizontal axis;

characterized in that:

the outer surface of the panel (22) in the
effective area is formed so that there is a relation
d/S $ 0.041, where d is the value of z of coordinates
(x, y. z) at an end of fhe effective area along the
diagonal axis of the outer surface of the panel, and §
is the effective dimension of the effective area with
respect to the direction of the diagonal axis, in a rec-~
tangular coordinate system having a Z-axis coincident
with a tube axis extending through the center of the
outer surface of the panel, an X-zxis coincident with




/
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Is |larger than the radius of curvature I n the |rect|on of the
vertical axisgl foibegial Bxis HAUINGR Ly rTagasyeface to a
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radlus of curvature is_20 l.er, than the vg t| radi,us of ,curvature
ina . r egilGRthepglate %S’ﬁq'g% uhe &¥d SHEnd She Borizontal Bhak
5 and that there are relationships v < h < d and 2v < d <

2h, where h and v are values of z of coordinates at
effective area ends along the X- and Y-axes, respec~
tively; and ’

at least one of the effective surface of the shadow

10 mask (25) and the inner surface of the effective area of
the panel being formed so that, in the region located on
the horizontal axis, the radius of curvature in the
direction of the horizontal axis.is larger than the
radius of curvature in the direction of the vertical

15 axis in a region ranging from the center of the surface
to a position at a distance a little longer than 50% of
the distance between the center and the horizontal end
from the center, and so that, in the region located on
the horizontal axis, the horizontal radius of curvature

20 is smaller than the vertical radius of curvature in a
region near the horizontal end portion.

3. A color cathode-ray tube acéording to claim 2,
characterized in that at leasf one of the effective surface
of said shadow mask (25)‘and the inner 'surface of the

25 effective area of said panel (22) is formed so that the
radius of curvature in the direction of the horizontal
axis is larger than the radius of curvature in the
direction of the verticel axis in a region ranging from
the center of the surface to a position at a distance

30 equal to 65% of the distance between the center and the
horizontzl end from the center.

4. A color cathode-ray tube comprising:

a panel (22) having a curved inner surface and a
substantially rectangular effective area;

35 a phosphor screen (24) formed on the inner surface
of the panel; and

~a curved shadow mask (25) formed having a number of
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apertures through which electron beams (32R, 32B, 32G) pass
and a substantially rectangular effective surface facing the
inner surface of the panel, the effective surface of the
shadow mask having a center through which the tube axis{z)
passes, a horizontal axis (x) passing through the center and
at right angles to the tube axis, and a vertical axis(y)
extending and at right angles to the tube axis and the
horizontal axis;- ’ :

characterized in that:

the effective surface of the shadow mask (25) is
formed so that, in the region located on .the horizontal
axis, the radius of curvature in the direction of the
horizontal axis is larger than the radius of curvature
in the direction of the vertical axis in a region
ranging from the center of the surface to a position at
a distance a little longer than 50% of the distance
between the center and the horizontal end from the
center, and so that, in the region located on the

" horizontal axis, the horizontal radius of curvature is

smaller than the vertical radius of curvature in a
region near the horizontal end portion.



