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(57) ABSTRACT

A cathode ray tube includes a panel having a substantially
flat outer surface and an inner curved surface with a phos-
phor screen. The panel has a substantially rectangular effec-
tive screen portion with two long sides parallel to each other,
two short sides parallel to each other and four rounded edges
interconnecting each long side and the neighboring short
side. The effective screen portion 1s structure such that a first
line V1 interconnecting centers of the long sides, a second
line H1 interconnecting centers of the short sides and a third
line D1 interconnecting centers of the rounded edges oppo-
site to each other meet at a point. The elfective screen por-
tion has a first thickness Tv at the centers of the long sides, a
second thickness Th at the centers of the short sides, a third
thickness Td at the centers of the edges and a fourth thick-
ness Tc at the meeting point of the all three lines V1, H1 and
D1. A shadow mask 1s disposed within the panel so that the
shadow mask faces the mner curved surface of the panel.
The shadow mask has a curvature corresponding to the inner
curved surface of the panel. The ratio of the second thickness
Th to the third thickness Td while subtracting the fourth
thickness Tc from each thickness satisfies the following con-
dition: 0.75(Th-Tc)/Td-Tc)=0.85, and the ratio of the first
thickness Tv to the thickness Td while subtracting the fourth
L
C

n1ickness Tc from each thickness satisfies the following con-
1tion: 0.75=(Tv-Tc)/(Td-Tc)=0.85.

24 Claims, 4 Drawing Sheets
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1
CATHODE RAY TUBE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a reissue of U.S. Pat. No. 6,407,496 B2
which claims priority of continuation of application Ser. No.
09/440,216, filed Nov. 15, 1999[is now], which issued as
U.S. Pat. No. 6,232,712, [the disclosure of which is incorpo-

rated fully herein by reference,] which in turn claims priority
of Korean application No. 98-48556, filed Nov. 13, 1998.

FIELD OF THE INVENTION

The present invention relates to a cathode ray tube (CRT)
and, more particularly, to a CRT that can minimize raster
distortion of electron beams while maintaining the structural
strength of a shadow mask.

BACKGROUND OF THE INVENTION

Generally, a faceplate panel for CRTs has a convex-
shaped lens with curved mner and outer surfaces. The con-
vex lens-shaped panel 1s advantageous 1n various aspects
such as convenience 1n formation, stability 1n strength and
adaptability for shadow mask application.

However, to the eye of the viewer, 1t 1s desirable that the
screen 1mage be displayed substantially flat. For this
purpose, several attempts have been made to form the inner
and outer surfaces of the faceplate panel with a flat shape
while maintaining normal display characteristics of the CRT.
It 1s found that when a flat panel 1s employed for the display
screen problems occur 1n both the convergence characteris-
tics of electron beams and 1n the strength of a shadow mask.
For instance, because the flat-shaped inner surface of the
panel 1s naturally formed with a flat phosphor screen, 1t
becomes difficult to deflect three electron beams of red R,
green G and blue B on correct phosphors on the phosphor
screen. Furthermore, because the shadow mask facing the
flat-shaped inner surface of the panel should also be flat, a
desirable shadow mask strength cannot be achieved using
the common shadow mask forming technique.

In addition, there 1s a problem with the flat-panel CRT
from the standpoint of the viewer. When the viewer watches
a monitor with a flat-shaped panel, the viewer feels that the
screen 1mage 1s sunken at its center portion while protruded
at 1ts peripheral portion.

Therelfore, 1t 1s preferably that the outer surface of the
panel 1s flat whereas the 1nner surface of the panel 1s curved.

In such a faceplate panel, as the overall curvature radius of
the mner curved surface of the panel becomes smaller, the
panel 1s more easily produced and the shadow mask has a
more stable structure capable of reducing a doming phenom-
enon. However, when the curvature radius falls short of a
mimmum elfective value, the peripheral portion of the panel
bears an undesirably large thickness and this results 1n poor
production eificiency as well as high production cost.
Furthermore, the transmission rate of the peripheral portion
becomes poor due to its large thickness, causing brightness
tailure.

In order to overcome such problems, various techniques
are proposed for a one-sided flat panel CRT application. For
example, some techniques are disclosed 1n Japanese Patent

Laid Open Publication No. 6-36710 and No. 6-644926.
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However, the technical details are not specified for preserv-
ing the structural strength of the shadow mask which should
be re-designed pursuant to the curvature radi1 varying at dif-
terent positions of the mner curved surface of the panel.

Furthermore, the prior art does not discriminate the
desired thickness ratios of a diagonal portion of the panel to
the peripheral portion for minimizing distortion of the screen
image. Therefore, when the CRT panel 1s manufactured on
the basis of the above-identified techniques, the aforemen-
tioned problems remain unsolved.

In the usual sized flat-panel 21-1nch, 25-1nch and 29-1nch
CRTs, the thickness ratios of the peripheral portion of the
panel to the center portion are 3.13, 2.91 and 2.72, respec-
tively. These ratios are so high that they result 1n poor pro-
duction efliciency as well as brightness failure.

SUMMARY OF THE INVENTION

It 15 an object of an embodiment of the present invention
to provide a CRT that can minimize raster distortion of elec-
tron beams while maintaining structural strength of a
shadow mask.

This and other objects may be achieved by a CRT includ-
ing a panel having a substantially flat outer surface and an
inner curved surface with a phosphor screen. The panel has a
substantially rectangular etffective screen portion with two
long sides parallel to each other, two short sides parallel to
cach other and four rounded edges interconnecting each long
side and the neighboring short side. The effective screen
portion structured such that a first line V1 interconnecting
centers of the long sides, a second line H1 1nterconnecting
centers of the short sides and a third line D1 interconnecting
centers of the rounded edges opposite to each other meet at a
point. The effective screen portion has a first thickness Tv at
the centers of the long sides, a second thickness Th at the
centers of the short sides, a third thickness Td at the centers
of the edges and a fourth thickness Tc¢ at the meeting point of
the three lines V1, H1 and D1. A shadow mask 1s disposed
within the panel so that it faces the mner curved surface of
the panel. The shadow mask has a curvature corresponding
to the 1nner curved surface of the panel.

The ratio of the second thickness Th to the third thickness
Td while subtracting the fourth thickness Tc from each
thickness satisfies the following condition: 0.75=(Th-Tc)/
(Td-Tc¢)=0.85, and the ratio of the first thickness Tv to the
third thickness Td while subtracting the fourth thickness Tc
from each thickness satisfies the following condition; 0.75=
(ITv-Tc)/(ITd-Tc)=0.85. The ratio of the third thickness Td
to the fourth thickness Tc¢ satisfies the following condition:
Td/ Tc=2.

The effective screen portion of the panel has a first curva-
ture radius Rv on the first line V1, a second curvature radius
Rh on the second line H1 and a third curvature radius Rd on
the third line D1. The curvature radi1 Rv, Rh and Rd have an
inter-relation of Rv=Rd=Rh.

DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the mvention, and many
of the attendant advantages thereof, will be readily apparent
as the same becomes better understood by reference to the
following detailed description when considered in conjunc-
tion with the accompanying drawings 1n which like refer-
ence symbols indicate the same or similar components,
wherein:

FIG. 1 1s a partial sectional perspective view of a CRT
with a panel according to a preferred embodiment of the
present invention;
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FIG. 2 1s a front view of an effective screen portion of the
panel shown 1n FIG. 1;

FIG. 3 1s a sectional view of the panel shown in FIG. 1
taken along the virtual line V1 of FIG. 2;

FIG. 4 1s another sectional view of the panel shown in
FIG. 1 taken along the virtual line H1 of FIG. 2; and

FIG. 5 1s another sectional view of the panel shown in
FIG. 1 taken along the virtual line D1 of FIG. 2.

DETAILED DESCRIPTION

As shown 1n FIG. 1, a CRT according to a preferred
embodiment of the present invention includes a neck 4 hav-
ing an electron gun 2 therein, a funnel 6 connected to the
neck 4, and a panel 8 sealed to the funnel 6.

The panel 8 has an inner curved surface with a phosphor
screen (not shown) and a substantially flat outer surface. A
shadow mask 10 1s disposed within the panel 8 and faces the
inner curved surface of the panel 8. The shadow mask 10 1s
curved so that 1t can be adapted to the inner curved surface of
the panel 8.

As shown 1n FIG. 2, the effective screen portion of the
panel 8 has two long sides 12 parallel to each other, two
short sides 14 parallel to each other, and four rounded edges
16 interconnecting each long side 12 and the neighboring
short side 14. As shown 1n the drawing, a first virtual line V1
may be drawn such that 1t interconnects centers of the long
sides 12. A second virtual line H1 may be drawn such that 1t
interconnects centers of the short sides 14. A third virtual
line D1 may be drawn such that it interconnects centers of
the edges 16 opposite to each other. The three virtual lines

V1, H1 and D1 are indicated by long and short dashed lines
in the drawing, and meet at a point 18.

The effective screen portion of the panel 8 has a first
thickness Tv at the centers of the long sides 12, a second
thickness Th at the centers of the short sides 14, a third
thickness Td at the centers of the edges 16, and a fourth
thickness T¢ at the meeting point 18 of the three virtual lines

V1, H1 and D1.

The ratio of the second thickness Th to the third thickness
Td while subtracting the fourth thickness Tc from each
thickness 1s established to satisfy the following condition:
0.75=(Th-Tc)/(Td-Tc)=0.85. Furthermore, the ratio of the
first thickness Tv to the third thickness Td while subtracting
the fourth thickness Tc¢ from each thickness 1s established to
satisly the following condition: 0.753=(Tv-Tc)/(Td-
Tc)=0.85.

In the above conditions, when the minimum value 1s
smaller than 0.75, raster distortion due to the deflection of
the electron beams increases. In contrast, when the maxi-
mum value 1s hugher than 0.85, the mner surface of the panel
8 has an excessively small curvature, and the shadow mask
10 accordingly has an overall curvature so small that 1t can-
not adequately maintain 1ts strength.

As shown 1n FIG. 3, the first thickness Tv 1s a value mea-
sured at the thickest portion of the effective screen area on
the first virtual line V1. As shown in FIG. 4, the second
thickness Th 1s a value measured at the thickest portion of
the effective screen area on the second virtual line H1. As
shown 1n FIG. 5, the third thickness Td 1s a value measured
at the thickest portion of the effective screen area on the third
virtual line D1.

The values satisiying the above-identified thickness con-
ditions 1n a 25-mnch CRT panel and a 29-inch CRT panel are
indicated 1n Table 1.
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TABL.

L1

1

25-mch CRT panel 29-1mnch CRT panel

Td-Tc (mm) 25.4 26.3
Th-Tc (mm) 20.0 21.8
Tv-Tc (mm) 20.8 20.3
(Th-Te)/(Td-Tc) 0.79 0.83
(Tv-Te)/(Td-Te) 0.82 0.77

Meanwhile, the ratio of the third thickness Td to the fourth
thickness Tc 1s established to satisfy the condition of
Td/Tc=2. In this condition, the screen 1image distortion can
be effectively minimized.

The 1nner curved surface of the panel 8 has a {first curva-
ture radius Rv on the virtual line V1, a second curvature
radius Rh on the second virtual line H1, and a third curvature
radius Rd on the third virtual line D1. These curvature radii
Rh, Rv and Rd have an inter-relation of RV=Rd=Rh.

In a preferred embodiment of the present invention, the
ratio of the thickness Th to the thickness Tc 1s established to
satisly the following condition: 1.4=Th/Tc=1.6.
Furthermore, the ratio of the third thickness Td to the fourth
thickness Tc 1s established to satisiy the following condition:
1.7=Td/Tc =2.0. In additional embodiments, the inner
curved surface of the panel 8 may have a unique curvature
radius or varying curvature radii at different positions. Under
these conditions, the panel 8 also exhibits good performance
characteristics.

As described above, the inventive CRT has a panel with an
clfective screen portion that 1s structured to bear 1deal thick-
ness ratios among its respective portions as well as suitable
curvature radil. As a result, raster distortion of the electron
beams 1s minimized and suitable structural strength of the
corresponding shadow mask 1s obtained.

While the present invention has been described in detail
with reference to the preferred embodiments, those skilled in
the art will appreciate that various modifications and substi-
tutions can be made thereto without departing from the spirit
and scope of the present invention as set forth in the
appended claims.

What 1s claimed 1s:

1. A cathode ray tube comprising;:

a panel having a substantially flat outer surface and an
inner curved surface with a phosphor screen, the panel
having a substantially rectangular effective screen por-
tion with two long sides parallel to each other, two short
sides parallel to each other and four rounded edges eac
interconnecting [each] a long side and [the] a neighbor-
ing short side respectively, the eflective screen portion
being structured such that a first line V1 interconnect-
ing centers of the long sides, a second line H1 intercon-
necting centers ol the short sides and a third line D1
interconnecting centers of the rounded edges opposite
to each other meet at a point, the effective screen por-
tion having a first thickness Tv at the centers of the long
sides, a second thickness Th at the centers of the short
sides, a third thickness Td at the centers of the edges
and a fourth thickness Tc¢ at the meeting point of the

first to third lines V1, H1 and D1;

wherein the ratio of the second thickness Th to the third
thickness Td while subtracting the fourth thickness Tc
from each thickness satisfies the following condition:
0.75=(Th-Tc¢)/(Td-Tc)=0.85, and the ratio of the first
thickness Tv to the third thickness Td while subtracting
the fourth thickness Tc¢ from each thickness satisfies the
following condition: 0.75=(Tv-Tc)/(Td-Tc)=0.83.
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2. The cathode ray tube of claim 1 wherein the ratio of the
third thickness Td to the fourth thickness Td satisfies the
following condition: Td/Tc=2.

3. The cathode ray tube of claim 1 wherein the effective
screen portion of the panel has a first curvature radius Rv at
the first line V1, curvature radius Rh at the second line H1
and a third curvature radius Rd at the third line D1, and the

curvature radin Rv, Rh and Rd have an inter-relation of

Rv=Rd=Rh.

4. A cathode ray tube comprising:

a panel having a substantially flat outer surface and an
inner curved surface with a phosphor screen, the panel
having a substantially rectangular effective screen por-
tion with two long sides parallel to each other, two short
sides parallel to each other and four rounded edges eacz
interconnecting [each] a long side and [the] a neighbor-
ing short side respectively, the eflective screen portion
being structured such that a first line V1 interconnect-
ing centers of the long sides, a second line H1 intercon-
necting centers of the short sides and a third line D1
interconnecting centers of the rounded edges opposite
to each other meet at a point, the effective screen por-
tion having a first thickness Tv at the centers of the long
sides, a second thickness Th at the centers of the short
sides, a third thickness Td at the centers of the edges

and a fourth thickness Tc¢ at the meeting point of the
first to third lines V1, H1 and D1;

wherein the ratio of the second thickness Th to the fourth
thickness Tc¢ satisiies the following condition: 1.4=Th/
Tc=1.6, and the ratio of the third thickness Td to the
fourth thickness Tc satisfies the following condition:
1.7=Td/Tc=2.0.

5. The cathode ray tube of claim 4 wherein the effective
screen portion of the panel has a first curvature radius Rv on
the first line V1, a second curvature radius Rh on the second
line H1 and a third curvature radius Rd on the third line D1,
and the curvature radi1 Rv, Rh and Rd have an inter-relation
of Rv=Rd=Rh.

6. The cathode ray tube of claim 5 wherein the inner
curved surface of the panel has a unique curvature radius or
varying curvature radi1 at different positions.

7. The cathode ray tube of claim 6 wherein the curvature
radi1 Rv, Rh, and Rd are all either constant throughout the
inner surface of the panel or varying at different positions.

8. A cathode ray tube comprising:

a panel having a substantially flat outer surface and an
inner curved surface with a phosphor screen, the panel
having a substantially rectangular effective screen por-
tion with two first sides parallel to each other, two sec-
ond sides parallel to each other, the second two sides
being shorter than the first two sides, and four rounded
edges each interconnecting one of the first sides with
one of the second sides, the effective screen portion
having a first thickness Tv at a center of one of the first
sides, a second thickness Th at a center of one of the
second sides, a third thickness Td at a center of one or
the rounded edges and a fourth thickness Tc at a center
of the effective screen portion; and

wherein a thickness ratio of the effective screen portion
satisfies the following conditions: 0.75=(Th-Tc¢)/(Td-
T¢)=0.85, and 0.75=(Tv-Tc)/(Td- Tc)‘iO 83.

9. The cathode ray tube of claim 8 wherein the thickness
ratio of the effective screen portion further satisfies the fol-
lowing condition: Td/Tc=2.

10. The cathode ray tube of claim 8 wherein the effective
screen portion of the panel has a curvature radius along a
first line between the centers of the first sides, a curvature
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radius along a second line between the centers of the second
sides, and a curvature radius along a diagonal line between
the centers of two of the rounded [corners]edges, wherein
the maximum curvature of radius along the first line and the
minimum curvature of radius along the second line are equal
to the curvature of radius along the diagonal line.

11. A cathode ray tube comprising:

a panel having a substantially flat outer surface and an
iner curved surface with a phosphor screen, the panel
having a substantially rectangular efiective screen por-
tion with two first sides parallel to each other, two sec-
ond sides parallel to each other, the second two sides
being shorter than the first two sides, and four rounded
edges each interconnecting one of the first sides with
one of the second sides, the effective screen portion
having a first thickness Tv at a center of one of the first
sides, a second thickness Th at a center of one of the
second sides, a third thickness Td at a center of one of
the edges and a fourth thickness Tc at a center of the
effective screen portion; and

wherein a thickness ratio of the effective screen portion
satisfies the following conditions: 1.4=Th/Tc¢c=1.6, and
1.7=Td/Tc=2.0.

12. The cathode ray tube of claim 11 wherein the effective
screen portion of the panel has a curvature radius along a
first line between the centers of the first sides, a curvature
radius along a second line between the centers of the second
sides, and a curvature radius along a diagonal line between
the centers of two of the rounded [corners]edges, wherein
the maximum curvature of radius along the first line and the
minimum curvature of radius along the second line are equal
to the curvature of radius along the diagonal line.

13. A cathode ray tube comprising:

a panel having a substantially flat outer surface and an
inner curved surface with a phosphor screen, the panel
having an effective screen portion with two first sides
substantially parallel to each other, two second sides
substantially parallel to each other and edges, the
edges located where each said first side and each
neighboring said second side meet, the effective screen
portion being structuved such that a first line VI inter-
connecting centers of the first sides, a second line HI
interconnecting centers of the second sides and a third
line DI interconnecting the edges which are opposite to
each other, meet at a point, the effective screen portion
having a first thickness 1v at the centers of the first
sides, a second thickness Th at the centers of the second
sides, a thivd thickness Td at the centers of the edges
and a fourth thickness Ic at the meeting point of the
first, second and thivd lines VI, HI and DI,

wherein the ratio of the second thickness Th to the third

thickness 1d while subtvacting the fourth thickness 1c

from each thickness satisfies the following condition:

0.75=(Th-Tc)/(Td-Tc)=0.85, and the ratio of the first

thickness 1v to the third thickness Td while subtracting

the fourth thickness Ic from each thickness satisfies the
following condition: 0.75=(1Iv-Tc)/(1d-1c)=0.55.

14. The cathode ray tube of claim 13 whevrein the ratio of

the thivd thickness 1d to the fourth thickness 1d satisfies the

Jollowing condition: Td/Tc=2.

15. The cathode ray tube of claim 13 wherein the effective

screen portion of the panel has a first curvature radius Rv at

the first line VI, curvature vadius Rh at the second line HI
and a thivd curvature radius Rd at the thivd line DI, and the
curvature vadii Rv, Rh and Rd have an inter-relation of

Rv=RA=RA.
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16. A cathode ray tube comprising:

a panel having a substantially flat outer surface and an
inner curved surface with a phosphor screen, the panel
having an effective screen portion with two first sides
substantially parallel to each other, two second sides
substantially parallel to each other and edges, the
edges located where each said first side and each
neighboring said second side meet, the effective screen
portion being structured such that a first line V1 inter-
connecting centers of the first sides, a second line H1
interconnecting centers of the second sides and a third
line DI intevconnecting the edges which are opposite to
each other, meet at a point, the effective screen portion
having a first thickness 1v at the centers of the long
sides, a second thickness Th at the centers of the short
sides, a thivd thickness 1d at the centers of the edges
and a fourth thickness 1c at the meeting point of the
fivst, second and thivd lines VI, HI and DI;

whevrein the ratio of the second thickness Th to the fourth
thickness Ic satisfies the following condition: 1.4=Th/
1c=1.6, and the ratio of the third thickness 1d to the
Jourth thickness 1c satisfies the following condition:
1.7=Td/Tc=2.0.

17. The cathode ray tube of claim 16 wherein the effective
screen portion of the panel has a first curvature radius Rv on
the first line VI, a second curvature radius Rh on the second
line HI and a third curvature radius Rd on the third line D1,
and the curvature radii Rv, Rh and Rd have an inter-relation
of Rv=Rd=Rh.

18. The cathode ray tube of claim 17 wherein the inner
curved surface of the panel has a unique curvature vadius or
varying curvature radii at different positions.

19. The cathode ray tube of claim 18 wherein the curva-
ture radii Rv, Rh, and Rd are all either constant throughout
the inner surface of the panel ov varving at different posi-
tions.

20. A cathode ray tube comprising:

a panel having a substantially flat outer surface and an
inner curved surface with a phosphor screen, the panel
having an effective screen portion with two first sides
substantially parallel to each other, two second sides
substantially parallel to each other, and edges, the
edges located where each said first side and each
neighboring said second side meet, the effective screen
portion having a first thickness 1Tv at a center of one of

8

the first sides, a second thickness Th at a center of one

of the second sides, a thivd thickness Td at one of the
edges and a fourth thickness Ic at a center of the effec-
tive screen portion; and

5 wherein a thickness ratio of the effective screen portion
satisfies the following conditions: 0.75=(Th-1c)/(Td-
1c)=0.85, and 0.75=(Iv-1c)/(Td-1c)=0.85.

21. The cathode ray tube of claim 20 wherein the thickness
ratio of the effective screen portion further satisfies the fol-

o lowing condition: 1d/1c=2.

22. The cathode ray tube of claim 20 wherein the effective
screen portion of the panel has a curvature radius along a
first line between the centers of the first sides, a curvature
radius along a second line between the centers of the second
sides, and a curvature vadius along a diagonal line between
two of the edges, whervein the maximum curvature of vadius
along the first line and the minimum curvature of vadius
along the second line arve equal to the curvature of vadius
along the diagonal line.

23. A cathode ray tube comprising:

15

20 : :
a panel having a substantially flat outer surface and an

inner curved surface with a phosphor screen, the panel
having an effective screen portion with two first sides
substantially parallel to each other, two second sides
substantially parallel to each other, and edges, the
edges located where each said first side and each
neighboring said second side meet, the effective screen
portion having a first thickness 1v at a center of one of
the first sides, a second thickness Th at a center of one
of the second sides, a thivd thickness 1d at a center of
one of the edges and a fourth thickness 1c at a center of
the effective screen portion; and

25

30

wherein a thickness ratio of the effective screen portion
satisfies the following conditions: 1. 4=Th/Tc=1.6, and

1.7=Td/Tc=2.0.

24. The cathode ray tube of claim 23 wherein the effective
screen portion of the panel has a curvature radius along a
first line between the centers of the first sides, a curvature
radius along a second line between the centers of the second
sides, and a curvature vadius along a diagonal line between
two of the edges, whervein the maximum curvature of vadius
along the first line and the minimum curvature of vadius
along the second line are equal to the curvature of radius
along the diagonal line.
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