
;efghe3e?x?l6$Tx  '~~2* TITLE OF THE INVENTION COLOR CATHODE RAY TUBE WITH
A REDUCED DYNAMIC FOCUS VOLTAGE FOR AN ELECTROSTATIC QUADRUPOLE LENS
THEREOF 5 BACKGROUND OF THE INVENTION The present invention relates to a
color cathode ray tube, and particularly to a color cathode ray tube having
a three beam in-line, dynamic focus type electron gun capable of providing
good focus characteristics over the 10 entire screen area and good display
contrast with a reduced dynamic focus voltage for its electrostatic
quadrupole lens. Color cathode ray tubes having an in-line type electron
gun for use in TV receivers or display monitors have a 15 phosphor screen
formed on the inner surface of a faceplate of its panel portion, a shadow
mask closely spaced from the phosphor screen within the panel portion, a
deflection yoke mounted around its funnel portion, and an in-line type
electron gun housed in its neck portion. The in-line type 20 electron gun
includes three cathodes arranged in line, and at least the first grid ( G1
) electrode, the second grid ( G2 ) electrode, the third grid ( G3 )
electrode and an anode, and projects three electron beams toward the
phosphor screen. To obtain good display image at the periphery of the 25
phosphor screen as well as the center of the phosphor screen,   p ~ APR
2002 -- 2 ~ that is , uniform resolution over the entire phosphor screen by
using a color cathode ray tube having an in-line type electron gun, it is
known to employ an electron gun of the dynamic focus type in which an
electrostatic quadrupole lens 5 is formed between two adjacent ones among
electrodes of the in-line type electron gun and one of the two is supplied
with a fixed focus voltage and the other of the two is supplied with a
fixed focus voltage superposed with a dynamic voltage varying with
deflection of the electron 10 beams . FIG. 4 is a cross-sectional view of a
prior color cathode ray tube employing an in-line type electron gun of the
dynamic focus type (hereinafter referred to as a DF type in-line electron
gun). 15 In FIG. 4, reference numeral 41 denotes a panel portion, 41F is a
faceplate, 42 is a neck portion, 43 is a funnel portion, 44 is a phosphor
screen, 45 is a shadow mask, 46 is an internal conductive coating, 47 is a
DF type in-line electron gun, 48 is a deflection yoke. 20 A grid electrode
occupying the nth position counting from a cathode is called a grid n
electrode in this specification. 



A grid occupying the nth position counting from a cathode is called a Gn in
this specification. 25 In the DF type in-line electron gun 47, reference
U ~ AP R 2002 -3~ numerals 501, 502 and 503 denote cathodes, 51 is a G1
electrode, 52 is a G2 electrode, 53 is a G3 electrode, 54 is a G4
electrode, 55(1) is a first G5 sub-electrode, 55(2) is a second G5
sub-electrode, 56 is a G6 electrode (an anode), 5 57 is a shield cup, 58
are vertical electrode pieces, and 59 are horizontal electrode pieces. The
glass bulb of the color cathode ray tube comprises a panel portion 41, a
neck portion 42 and a funnel portion 43. The panel portion 41 is provided
with the phosphor 10 screen 44 coated on the inner surface of its faceplate
41F and the shadow mask 45 closely spaced from the phosphor screen 44
within the panel portion 41. The funnel portion 43 is provided with the
internal conductive coating 46 in its inner surface and the deflection yoke
48 mounted on its 15 the outer surface. The neck portion 42 houses the DF
type in-line electron gun 47 therein. The DF type in-line electron gun 47
comprises three cathodes 501, 502 and 503 arranged in line in a horizontal
plane, and following the cathodes, the G1 electrode 51, the 20 G2 electrode
52, the G3 electrode 53, the G4 electrode 54, the first G5 sub-electrode
55(1), the second G5 sub electrode 55(2), the G6 electrode 56, the shield
cup 57, arranged along the axis of the cathode ray tube in the order named.
One center and two side electron beam apertures in 25 each of the G1
electrode 51, the G2 electrode 52, the G3   0 ~ A P R 2002 ~- 4 ~ 



electrode 53, the G4 electrode 54, the first G5 sub electrode 55 ( 1 ) ,
the second G5 sub-electrode 55 ( 2 ) , the G6 electrode 56, and the shield
cup 57 are aligned with center lines Oz, O, and 03 of the cathodes 502, 501
and 503, 5 respectively. In the G6 electrode 56, the center line of the
center electron beam aperture is aligned with the center line O2 of the
corresponding cathode 50z, and the respective center lines of the two side
electron beam apertures are slightly 10 displaced outwardly with respect to
the center lines O1 and O, of the corresponding cathodes 501 and 503,
respectively. The first G5 sub-electrode 55(1) is provided with the
vertical electrode pieces 58 sandwiching horizontally each of the three
electron beam apertures in its end facing the 15 second G5 sub-electrode
55(2), and the second G5 sub electrode 55(2) is provided with a pair of the
horizontal electrode pieces 59 sandwiching vertically the three electron
beam apertures in common in its end facing the first G5 sub-electrode
55(1). The vertical electrode pieces 58 20 and the horizontal electrode
pieces 59 form an electrostatic quadrupole lens between the first and
second G5 sub electrodes 55(l), 55(2). In operation, the first G5
sub-electrode 55(1) is supplied with a fixed focus voltage, the second G5
sub 25 electrode 55(2) is supplied with a fixed focus voltage   0 ~ APR
2002 -- 5 ~ superposed with a dynamic voltage varying with deflection of
the electron beams, and the G6 electrode 56 serving as an anode, the shield
cup 57 and the internal conductive coating 46 are supplied with an
accelerating voltage (an 5 anode voltage). In the prior art color cathode
ray tube, three electron beams emitted from the three cathodes 501, 502,
503 of the DF type in-line electron gun 47 travel accelerated and focused
along the respective center lines O1, O2, 03 through 10 the electron beam
apertures in each of the G1 electrode 51 , the G2 electrode 52, the G3
electrode 53, the G4 grid electrode 54, the first G5 sub-electrode 55 ( 1 )
, the second G5 sub-electrode 55 ( 2 ) , the G6 electrode 56, the shield
cup 57, and are projected from the electron gun 47 toward the 15 phosphor
screen 44 . The three electron beams projected from the electron gun 47 are
properly deflected horizontally and vertically by the deflection yoke 48,
then pass through an electron beam aperture in the shadow mask 45 and
impinge upon the phosphor screen 44 to produce a desired image on 20 the
phosphor screen 44. Color cathode ray tubes for use in color display
monitors and the like usually employ a self-converging deflection yoke 48
of the type having both horizontal and vertical deflection windings wound
in a saddle 25 configuration(hereinafter referred to asthesaddle/saddle  



0 1 APR 2002  type) to prevent magnetic fields generated by the deflection
yoke 48 from radiating from the monitor to its outside. The self-converging
deflection yoke 48 increases deflection defocusing on the phosphor screen
44 due to the 5 inherent non-uniformity in its deflection magnetic fields,
deteriorates image resolution at the periphery of the phosphor screen 44
and therefore an electrostatic quadrupole lens is employed in the in-line
type electron gun 47 with a dynamic focus voltage varying with deflection
10 of the electron beams. When the deflection of the electron beams is zero
or very small, that is, when the electron beams scan the central portion of
the phosphor screen 44, a dynamic voltage becomes zero or very small, a
focus voltage applied to the first 15 G5 sub-electrode 55(1) becomes equal
or nearly equal to a focus voltage applied to the second G5 sub-electrode
55 ( 2 ) , the strength of the electrostatic quadrupole lens is weakened
and consequently no astigmatism is produced in the electron beam spot at
the center of the phosphor screen 44. 20 When the deflection of the
electron beams is large, that is, when the electron beams scan the
periphery of the phosphor screen 44, the dynamic voltage becomes large, the
focus voltage applied to the second G5 sub-electrode 55 ( 2 ) becomes
higher than the focus voltage applied to the first 25 G5 sub-electrode 55 (
1 ) and the strength of the electrostatic   0 1 qpR 2002  quadrupole lens
becomes stronger to produce astigmatism of the electron beams deflected to
the periphery of the phosphor screen 44. This astigmatism causes the shape
of the beam spot on the phosphor screen to elongate its core 5 portion
vertically and to elongate its halo horizontally such that deflection
defocusing caused by the self converging deflection yoke 48 is canceled out
and resolution at the periphery of the phosphor screen 44 is improved. In a
color cathode ray tube employing the prior art DF 10 type in-line electron
gun, a distance between its main lens and the periphery of the phosphor
screen 44 is longer than that between its main lens and the center of the
phosphor screen 44, and the electron beam focusing condition for the center
of the phosphor screen 44 differs from that for the 15 periphery of the
phosphor screen 44 such that adjustment for the best beam focus at the
center of the phosphor screen 44 degrades the beam focus and resolution at
the periphery of the phosphor screen 44. If a correction lens for curvature
of the image field is incorporated in the DF type 20 in-line electron gun
47, when the electron beams are deflected to the periphery of the phosphor
screen 44, a focus voltage applied to the second G5 sub-electrode 55 ( 2 )
becomes 



higher, a difference between the focus voltage and an accelerating voltage
(an anode voltage) applied to the G6 25 electrode 56 decreases and the
strength of the focus lens   0 ~ AP R 2~2  weakens such that the focus
point ( the image point ) of the electron beams is moved toward the
phosphor screen 44, the electron beams deflected to the periphery of the
screen 44 are focused on the phosphor screen 44 and deterioration in 5
resolution at the periphery of the screen 44 is prevented. In this way, by
using a dynamic voltage, the prior color cathode ray tube can correct
curvature of the image field as well as astigmatism in electron beam spots.
The prior art color cathode ray tube corrects 10 astigmatism in beam spot
and curvature of the image field by applying a dynamic voltage to the
second G5 sub-electrode 55(2) of an electrostatic quadrupole lens. If a
color cathode ray tube for use in a color monitor or the like employs a
deflection yoke 48, of a relatively wide 15 deflection angle, 95  to 105  ,
for example, to reduce the depth of the monitor, a required dynamic voltage
becomes a little too high for a color monitor due to its large deflection
angle of the electron beams, and a distance between the main lens and the
phosphor screen ( hereinafter 20 referred to as a lens-screen distance)
becomes shorter such that the scanning electron beams and electron beam
apertures in the shadow mask 45 interfere with each other and produce
raster moire (horizontal spurious stripes) on the phosphor screen. 25 To
solve the above problems in the DF type in-line   01 AP R 20A2 (rg`
electron gun, the present inventors previously proposed an electron gun 



satisfying the following inequalities to reduce the magnitude of a dynamic
voltage and reduce appearance of 5 raster moire (horizontal spurious
stripes) on the phosphor screen: 0 . 0 6 X L (mm) ~ B - 2 0 X A/ ( 3 ~ ) ~
19 . 0 (mm) , and L ~ 3 5 2 (mm) where A (mm) is an axial length of the G4
electrode, 10 ~ (mm) is a diameter of an aperture in the G4 electrode, B
(mm) is an axial length of the G5 electrode, and L (mm) is a distance
between the end of the G5 electrode on its phosphor side and the phosphor
screen. 15 When the proposed color cathode ray tube employs a dark tainted
panel (light transmission of 38%, for example) for a faceplate of a panel
portion to increase its display contrast ratio and it is operated to
provide the display brightness equal to that of a color cathode ray tube 20
employing a tainted panel (light transmission of 50%, for example), there
arises a new problem that electron beam spots on the phosphor screen are
enlarged. For example, if the proposed color cathode ray tube employs a
faceplate with its light transmission reduced 25 by about 20 % compared
with that of a tainted panel by using   ~ ~ APR 2002 --10 ~ a dark-tainted
panel and by applying antistatic and antireflection coating on the
dark-tainted panel if necessary, a beam current for each cathode has to be
increased by about 30 % to obtain a brightness equivalent 5 to that of a
color cathode ray tube employing the tainted panel and consequently its
beam spot diameter is increased by about 10 %. SUMMARY OF THE INVENTION 10
The present invention solves the above problems, it is an object of the
present invention to provide a color cathode ray tube capable of correcting
astigmatism of electron beam spots and curvature of the image field,
reducing the magnitude of a dynamic voltage even when it employs a 15
wide-angle deflection yoke and reducing appearance of raster moire on the
phosphor screen. To accomplish the above object, in accordance with one
embodiment of the present invention, there is provided a color cathode ray
tube comprising an evacuated envelope 



20 comprising a panel portion, a neck portion, a funnel portion for
connecting the panel portion and the neck portion, a phosphor screen formed
on an inner surface of a faceplate of the panel portion, an in-line type
electron gun housed in the neck portion, and a deflection yoke mounted
around 25 the funnel portion; the in-line type electron gun comprising   ~
~ APR 2002 --11 ~- an electron beam generating section having three in-line
cathodes, a G1 electrode and a G2 electrode arranged in the order named for
projecting three electronbeamsarrangedapproximately inparallelwith 5 each
other in a horizontal plane toward the phosphor screen, and an electron
beam focusing section comprising a G3 electrode, a G4 electrode, a G5
electrode and an anode arranged in the order named for focusing the three
electron beams on the phosphor 10 screen, wherein the G5 electrode
comprises a plurality of sub-electrodes arranged to be supplied alternately
with a first focus voltage and a second focus voltage, the first focus
voltage being a first fixed voltage, the second focus voltage being a
second fixed voltage superposed with a 15 dynamic voltage varying with
deflection of the three electron beams, at least one electrostatic
quadrupole lens is formed between two of the plurality of sub-electrodes
supplied alternately with the first focus voltage and the second focus
voltage, at least one lens for correcting 20 curvature of the image field
is formed between two of the plurality of sub-electrodes supplied
alternately with the first focus voltage and the second focus voltage, the
G4 electrode, the G5 electrode and the phosphor screen satisfy following
inequalities: 0.0625XL (mm) c B - 20A/(3 ) 25 22.0 mm, L (mm) ~ 352 mm,
where A (mm) is an axial length   0 1 pp R 2002 -12 ~ 



of the G4 electrode, ~ (mm) is an average of horizontal and vertical
diameters of an electron beam aperture for a center electron beam of the
three electron beams in the G4 electrode, B (mm) is an axial length
measured from a cathode side 5 end of the G5 electrode to a phosphor screen
side end of the G5 electrode, and L (mm) is an axial distance from the
phosphor screen side end of the G5 electrode to a center of the phosphor
screen. To accomplish the above object, in accordance with 10 another
embodiment of the present invention, there is provided a color cathode ray
tube comprising an evacuated envelope comprising a panel portion, a neck
portion, a funnel portion for connecting the panel portion and the neck
portion, a phosphor screen formed on an inner surface of 15 a faceplate of
the panel portion, an in-line type electron gun housed in the neck portion,
and a deflection yoke mounted around the funnel portion; the in-line type
electron gun comprising an electron beam generating section having three
in-line cathodes, a G1 electrode and a 20 G2 electrode arranged in the
order named for projecting three electron beams arranged approximately in
parallel with each other in a horizontal plane toward the phosphor screen,
and an electron beam focusing section comprising a G3 electrode, and an
anode 25 arranged in the order named for focusing the three   0 1 AP R 2002
--13 - electron beams on the phosphor screen, wherein the G3 electrode
comprises a plurality of sub-electrodes arranged to be supplied alternately
with a first focus voltage and a second focus voltage, the first focus
voltage being a first 5 fixed voltage, the second focus voltage being a
second fixed voltage superposed with a dynamic voltage varying with
deflection of the three electron beams, at least one electrostatic
quadrupole lens is formed between two of the plurality of sub-electrodes
supplied alternately with the 10 f first focus voltage and the second focus
voltage, at least one lens for correcting curvature of the image field is
formed between two of the plurality of sub-electrodes supplied alternately
with the first focus voltage and the second focus voltage, the G3 electrode
and the phosphor 15 screen satisfy following inequalities: 0.0625 XLA (mm)
C ~ 22.0 mm, LA (mm) ~ 352 mm, where C (mm) is an axial length measured
from a cathode side end of the G3 electrode to a phosphor screen side end
of the G3 electrode, and LA (mm) is an axial distance from the 20 phosphor
screen side end of the G3 electrode to a center of the phosphor screen.
BRIEF DESCRIPTION OF THE DRAWINGS In the accompanying drawings, in which
like reference 



25 numerals designate similar components throughout the   0 1 q p R p002
--14 ~ figures, and in which: FIG. 1 is a horizontal cross-sectional view
of a first embodiment of a color cathode ray tube in accordance with the
present invention. 5 FIG. 2A is a graph showing a relationship between
axial lengths of an electrode and dynamic voltages in a DF type in-line
electron gun, and FIG. 2B is a graph showing a relationship between axial
lengths of the electrode and electron beam spots in the DF type in-line
electron gun. 10 FIG. 3 is a horizontal cross-sectional view of a second
embodiment of a color cathode ray tube in accordance with the present
invention. FIG. 4 is a horizontal cross-sectional view of a color cathode
ray tube employing a prior art dynamic focus type 15 in-line electron gun.
FIG. 5 is a cross-sectional view of a second G5 sub-electrode of FIG. 1 as
viewed in the direction of arrows V-V in FIG. 1. FIG. 6 is a
cross-sectional view of a third G5 sub 20 electrode of FIG. 1 as viewed in
the direction of arrows VI-VI in FIG. 1. FIG. 7 is a vertical
cross-sectional view of a third embodiment of a color cathode ray tube in
accordance with the present invention. 25 FIG. 8 is a vertical
cross-sectional view of a fourth   --15 ~ 0 '1 AP R 2002 embodiment of a
color cathode ray tube in accordance with 



the present invention. FIG. 9 is a cross-sectional view of a second G5
sub-electrode of FIG. 7 as viewed in the direction of arrows 5 1X-IX in
FIG. 7. FIG. 10 is a cross-sectional view of a third G5 sub-electrode of
FIG. 7 as viewed in the direction of arrows X-X in FIG. 7. 10 DETAILED
DESCRIPTION OF THE PREFERRED EMBODIMENTS The present invention will now be
described in detai 1 with reference to the accompanying drawings . FIG. 1
is a horizontal cross-sectional view of a first embodiment of a color
cathode ray tube in accordance with 15 the present invention. In FIG. 1,
reference numeral 1 denotes a panel portion, 1F is a faceplate of the panel
portion 1, 2 is a neck portion, 3 is a funnel portion, 4 is a phosphor
screen, 5 is a shadow mask, 6 is an internal conductive coating, 7 is a DF
type 20 in-line electron gun, and 8 is a so-called saddle-saddle type
deflection yoke having horizontal and vertical deflection windings wound in
a saddle configuration for a maximum diagonal deflection angle of 100. In
the DF type in-line electron gun 7, reference numeral 25 101 denotes a
left-hand cathode, 10Z is a center cathode,   0 1 AP R 2002 -1G~ 103 is a
right-hand cathode, 11 is the G1 electrode, 12 is the G2 electrode, 13 is
the G3 electrode, 14 is the G4 electrode, 15(1) is a first G5
sub-electrode, 15(2) is a second G5 sub-electrode, 15 ( 3 ) is a third G5
sub-electrode, 5 16 is the G6 electrode, 17 is a shield cup, 18 are
vertical 



electrode pieces and 19 are horizontal electrode pieces. One sub-electrode
may be comprised of one or more members . The glass bulb of the color
cathode ray tube comprises a panel portion 1 having a faceplate 1F, a
small-diameter 10 neck portion 2 and a generally frustum-shaped funnel
portion 3 for connecting the panel portion 1 and the neck portion 2. A
phosphor screen 4 is coated on the inner surface of the faceplate 1F and a
shadow mash 5 is closely spaced from the phosphor screen 4 within the panel
portion 1. An 15 internal conductive coating 6 is coated on the inner
surface of the funnel portion 3, a deflection yoke 8 is mounted around the
funnel portion 3, and the DF type in-line electron gun 7 is housed in the
neck portion 2. The DF type in-line electron gun 7 comprises the 20
left-hand cathode 101, the center cathode 10z, and right-hand cathode 103
arranged in line in a horizontal plane, and following the cathodes, the G1
electrode 11, the G2 electrode 12, the G3 electrode 13, the first G5
subelectrode 15(1), the second G5 sub-electrode 15(2), the 25 third G5
sub-electrode 15(3), the fourth G5 sub-electrode   0 1 AP R 2002 --17 ~- 15
( 4 ) , the G6 electrode 16, the shield cup 17, arranged along the axis of
the cathode ray tube in the order named. Center lines of a left-hand beam
aperture, a center beam aperture and a right-hand beam aperture in each of
the G1 electrode 5 11 , the G2 electrode 12 , the G3 electrode 13 , the G4
electrode 14, the first G5 sub-electrode 15(1), the second G5 sub-electrode
15(2), the third G5 sub-electrode 15(3), the phosphor-side end of the G6
electrode 16, and the shield cup 17 are aligned with center lines O1, OZand
03 of the 10 cathodes 101, 10z and 103, respectively. In the cathode-side
end of the G 6 electrode 16, the center line of the center electron beam
aperture is aligned with the center line 02 of the center cathode 102, and
the center line of the left-hand electron beam aperture is 15 slightly
displaced outwardly with respect to the center line O1 of the left-hand
cathodes 101 and the center line of the right-hand electron beam aperture
is slightly displaced I outwardly with respect to the center line O, of the



right-hand cathodes 103. 20 The following explains the structure of
electrodes for forming the electrostatic quadrupole lens formed between the
second G5 sub-electrode 15(2) and the third G5 sub electrode 15(3). FIG. 5
is a cross-sectional view of the second G5 25 sub-electrode 15(2) of FIG. 1
as viewed in the direction   0 1 A P R 2002 --18 of arrows V-V in FIG. 1,
and FIG. 6 is a cross-sectional view of the third G5 sub-electrode 15 ( 3 )
of FIG. 1 as viewed in the direction of arrows VI-VI in FIG. 1. The second
G5 sub-electrode 15 ( 2 ) is provided with the 5 vertical electrode pieces
18 sandwiching horizontally each of the three electron beam apertures 152a,
152b, 152c in its end facing the third G5 sub-electrode 15(3), and the
third G5 sub-electrode 15 ( 3 ) is provided with a pair of the horizontal
electrode pieces 19 sandwiching vertically the 10 three electron beam
apertures 153a, 153b, 153c in common in its end facing the second G5
sub-electrode 15(2). The vertical electrode pieces 18 and the horizontal
electrode pieces 19 form an electrostatic quadrupole lens between the
second and third G5 sub-electrodes 15(2), 15(3). 15 In FIGS. 5 and 6, the
reference numerals 18a and 19a denote baseplates for welding the vertical
and horizont al electrode pieces to the second and third sub-electrod es,
respectively. The G1 electrode 11 is supplied with a voltage 20
approximately equal to or near zero volt, the G2 electrode 12 and the G4
electrode 14 are supplied with a relatively low voltage Vg2 of about 400 to
about 1000 volts, the G3 electrode 13 and the second G5 sub-electrode 15(2)
are supplied with a fixed voltage Vfs of about 5 kV to about 



25 10 kV, the first G5 sub-electrode 15(1) and the third G5   ~ ~ Ap R 20Q2
--19 ~- sub-electrode 15 ( 3 ) are supplied with a focus voltage ( Vfd +
dVf ) which is a fixed voltage Vfd superposed with a dynamic voltage dVf
varying with deflection of the electron beams, and the G6 electrode 16, the
shield cup 17 and the internal 5 conductive coating 6 are supplied with an
accelerating voltage (an anode voltage) Eb of about 20 kV to about 30 kV.
Here the following relationship is satisfied: Vfs ? Vfd + dVf. The color
cathode ray tube of the first embodiment 10 operates as follows: Three
electron beams emitted from the three cathodes 101, 10z, 103 of the DF type
in-line electron gun 7 travel accelerated and focused along the respective
center lines O1, Oz, 03 of the three cathodes through the electron beam 15
apertures in each of the G1 electrode 11 , the G2 electrode 12, the G3
electrode 13, the G4 electrode 14, the first, second and third G5
sub-electrodes 15 ( 1 ) , 15 ( 2 ) , 15 ( 3 ) , the G6 electrode 16 and the
shield cup 17, and they are projected from the electron gun 47 toward the
phosphor screen 4. The 20 three electron beams projected from the electron
gun 7 are properly deflected horizontally and vertically by the deflection
yoke 18, then pass through an electron beam aperture in the shadow mask 5
and impinge upon the phosphor screen 4 to produce a desired image on the
phosphor screen 25 4.   0 ~ AP R 2002 ~- 2 0 ~- The vertical electrodes 18
attached to the second G5 sub-electrode 15(2) and the horizontal electrode
pieces 19 attached to the third G5 sub-electrode 15(3) form an
electrostatic quadrupole lens therebetween, and the third 



5 G5 sub-electrode 15 ( 3 ) is supplied with the focus voltage (Vfd + dVf )
containing the dynamic voltage dVf varying with deflection of the electron
beams. When the electron beams scan the central portion of the phosphor
screen 4 with their deflection being zero or very 10 small, the dynamic
voltage dVf is zero or a very small positive value, and the focus voltage
(Vfd + dVf ) applied to the third G5 sub-electrode 15 ( 3 ) is set to be
lower than the focus voltage Vfs applied to the second G5 sub-electrode
15(2). 15 When the electron beams scan the periphery of the phosphor screen
4 with their deflection being large, the dynamic voltage is large, the
focus voltage (Vfd + dVf) 1 applied to the third G5 sub-electrode 15 ( 3 )
approaches the focus voltage Vfs applied to the second G5 sub-electrode 20
15(2) and the electrostatic quadrupole lens functions to compress electron
beam spots in a horizontal direction and to expand the electron beam spots
in a vertical direction, at the periphery of phosphor screen 4. The
astigmatism produced on the beam spot elongates its core portion 25
vertically and elongates its halo horizontally such that   01 AP R 2002 ~-
21 ~- it cancels out deflection defocusing caused by the self-converging
deflection yoke 8 and it improves resolution at the periphery of the
phosphor screen 4. The above-mentioned deflection defocusing can be 5
eliminated or reduced more effectively by making a main lens formed between
the third G5 sub-electrode 15 ( 3 ) and the G6 electrode 16 such that
electron beams are focused more 



strongly in a horizontal direction than in a vertical direction. The
deflection defocusing can also be 10 eliminated or reduced effectively by
forming a lens for focusing electron beams more strongly in a horizontal
direction than in a vertical direction in a space between the G3 electrode
13 and the first G5 sub-electrode 15(1), or between the G2 electrode 12 and
the G3 electrode 13. 15 In the electrostatic quadrupole lens of the DF type
in-line electron gun 7 in which the first and third G5 sub-electrodes
15(1), 15(3) are supplied with the focus voltage ( Vfd + dVf ) containing
the dynamic voltage dVf , when the electron beam scans the periphery of the
phosphor screen 20 4, the focus voltage (Vfd + dVf) applied to the first
and third G5 sub-electrode 15(1), 15(3) becomes higher, a difference
between the focus voltage (Vfd + dVf) and the focus voltage Vfs applied to
the second G5 sub-electrode 15 (2 ) and a difference between the focus
voltage (Vfd + dVf ) 25 and the accelerating voltage Eb applied to the G6
electrode   0 '~ AP R 2002 -- 22 ~- 16 decrease and the strength of the
lens formed between the first and second G5 sub-electrodes 15(1), 15(2) and
the strength of the main lens formed between the third G5 sub-electrode
15(3) and the G6 electrode 16 decrease. As 5 a result, the electron beam
focus point ( the image point ) is moved toward the phosphor screen 4 such
that the electron beam deflected to the periphery of the screen 4 is
focused on the phosphor screen 4 and deterioration in resolution is
prevented at the periphery of the phosphor screen 4. 10 In this way, the
color cathode ray tube employing the DF type in-line electron gun 7 of the
first embodiment forms two curvature-of-the-image-field correction lenses
between the first and second G5 sub-electrodes 15 ( 1 ) , 15 ( 2 ) and
between the third G5 sub-electrode 15(3) and the G6 15 electrodel6, and one
electrostatic quadrupole lens between the second and third G5
sub-electrodes 15(2), 15(3) by applying the focus voltage (Vfd + dVf)
containing the dynamic voltage dVf to the f first and third G5
sub-electrodes 15 ( 1 ) , 15 ( 3 ) , and corrects astigmatism of an
electron beam 



20 spot and curvature of the image field. FIGS. 2A and 2B are graphs
showing a relationship between the dynamic voltages dVf and the lengths of
the final focus electrode adjacent to the anode and that between the
diameter of the beam spots and the lengths of the final focus 25 electrode
in the DF type in-line electron gun, respectively,   0 1 AP R 2002 -23~
FIG. 2A showing a relationship between axial lengths of the final focus
electrode and dynamic voltages dVf and FIG. 2B showing a relationship
between axial lengths of the final focus electrode and the diameter of
electron beam spots. 5 The final focus electrode comprises three or more
sub-electrodes supplied with one or more relatively high voltages. In FIG.
2A, the dynamic voltages dVf are plotted as ordinates and the effective
lengths of the final focus 10 electrode as abscissas. The effective length
of the final focus electrode of the DF type in-line electron gun is defined
as {B - 20A/ ( 3 c~)) in FIG. 1, where B is an axial length a cathode-side
end of the first G5 sub-electrode 15(1) to a phosphor 15 screen-side end of
the fourth G5 sub-electrode 15(4), A is an axial length of the G4 electrode
14, ~ is a diameter of an electron beam aperture for the center electron
beam in the G4 electrode 14 and is an average of horizontal and vertical
diameters of the center electron beam aperture in 20 the G4 electrode if
the center electron beam aperture is non-circular, such as elliptical, oval
or rectangular. As numerical examples, the axial length A of the G4 



electrode is about 0.5 mm to about 1.0 mm, and the diameter of the electron
beam aperture in the G4 electrode is about 25 4 mm.   o , qpR z~2 --24~ The
correction term 20A/(3 0 represents the effect of the electron beam
aperture in the G4 electrode 14 and a factor 20/3 is determined by
experiment. Line "a" indicates characteristics of a color cathode 5 ray
tube of the first embodiment using a 100 deflection yoke 8 and line "b"
indicates characteristics of a color cathode ray tube with a 100 deflection
yoke, previously proposed by the present inventors. A lens-screen distance
L is defined as a distance from 10 the center of a phosphor screen to the
anode-side end of a focus electrode for forming a final stage of a main
lens in cooperation with the anode. In FIG. 2B, the ordinates represent the
diameters of the electron beam spots on the phosphor screen at the 15
standard electron beam current and the abscissas represent the effective
lengths of the final focus electrodes normalized by the lens-screen
distance. Line "a" indicates characteristics of a color cathode ray tube
employing a dark-tainted panel (light transmission 20 = approximately 38~ )
serving as a faceplate 1F of the panel portion, of the first embodiment,
and line "b" indicates characteristics of a color cathode ray tube
previously proposed by the present inventors and employing a tainted panel
( light transmission = approximately 50~ ) serving as 25 a faceplate.   a j
APR 2002 



~- 2 5 ~ The standard electron beam currents provide recommended brightness
for respective screen sizes and are def fined as 0 . 00115 ( a A/mm2 ) X D
(mm) 2 , D being a useful diagonal dimension of the phosphor screen. As
specific 5 examples, the approximate standard electron beam currents are
200 ~c A, 250 ~c A, and 300 ~ A for useful diagonal screen dimensions D of
4lcm, 46cm, and 5lcm, respectively. FIG. 2A shows that, in a color cathode
ray tube employing the DF type in-line electron gun, the dynamic voltages
dVf 10 is reduced with decrease in the effective length of the final focus
electrode. A relatively large screen size is more suited to a
high-definition display monitor for use in graphic terminals or the like
capable of displaying a high 15 resolution image of drawings as well as
letters or characters than a small size screen used in personal computers
are. But considering the desire to make a space 1 occupied by a monitor as
small as possible, as a measure to reduce the depth of the monitor, there
is a tendency to 20 reduce the axial length of a color cathode ray tube by
increasing the deflection angle of electron beams in the color cathode ray
tube. The increase of the deflection angle requires the increase in the
magnitude of the above-explained dynamic voltage. 25 In the operation of
the color cathode ray tube in the   0 ~ AP R 2002 -2G- high definition
display monitor, the frequency of the dynamic voltage is made higher
because it is synchronized with the high-frequency deflection of electron
beams. A limitation of breakdown voltage of transistors of dynamic 5
voltage driver circuits of the monitor set can not provide a sufficiently
high dynamic voltage to the color cathode ray tube of a required waveform.
Considering the capability of the presently-used dynamic focus circuit, the
practical dynamic voltage dVf 10 needs to be limited to 6S0 volts or a
lower voltage. For a color cathode ray tube employing a 100 deflection yoke
8, of the first embodiment, to limit the dynamic voltage dVf to 650 volts
or a lower voltage, the following relationship is derived from the line "a"
in FIG. 2A, 15 {B - 20A/ ( 3 ~ ) } ~ 22 . 0 mm. Incidentally, for the
above-mentioned color cathode 



ray tube employing a 100  deflection yoke, previously proposed by the
present inventors, to limit the dynamic voltage dVf to 650 volts or a lower
voltage, the following 20 relationship is derived from the line "b" in FIG.
2A, {B - 20A/ ( 3 ~ ) } ~ 19. 0 mm. FIG. 2B shows that, in both the color
cathode ray tubes with the DF type in-line electron gun employing the
dark-tainted panel and the tainted panel, respectively, the 25 diameters of
the electron beam spots on the phosphor screen   0 1 AP R 2~2 --2 7 ~- at
the standard electron beam current is increased with decrease in the
effective length of the final focus electrode normalized by the lens-screen
distance. High resolution display capability is required for a 5 color
cathode ray tube in a high-definition display monitor for use in graphic
terminals or the like capable of displaying a high-resolution image of
drawings as well as letters or characters. Therefore, for a color cathode
ray tube having a useful 10 diagonal phosphor screen dimension of 41 cm (
17 inches ) or more, it is desirable that a pith of dot-like electron beam
apertures in its shadow mask is 0.28 mm or less, and the number of display
dots in a horizontal direction on the phosphor screen is at least 1000, and
this requires the 15 diameter of electron beam spot at the center of the
phosphor screen to be 0.5 mm or less. For a color cathode ray tube
employing the dark-tainted panel, of the first embodiment, to limit the
diameter of the electron beam spot on the phosphor screen to 0.5 mm or 20 a
smaller value, the following relationship is derived from the line "a" in
FIG. 2B, 0 . 0625 ~ (B - 20A/ ( 3 ~ ) ) /L, 



that is, 0.0625L (mm) ~ B - 20A/(3 ~ ) (mm) Incidentally, for the
above-mentioned color cathode 25 ray tube employing the tainted panel,
previously proposed   0 ~ AP R 2002 ~- 2 8 ~- by the present inventors, to
limit the diameter of the electron beam spot on the phosphor screen to 0.5
mm or a smaller value, the following relationship is derived from the line
"b" in FIG. 2B, 5 0.06 ~ {B - 20A/(3 ~ ) } /L, that is, 0. 06L (mm) ~ B -
20A/ ( 3 ~ ) (mm) Color cathode ray tubes for use in monitors for
information terminals and the like are required to have a large number of
picture elements and to produce a high 10 information content and large
capacity display, and therefore it is desirable that dot aperture pitches
in a shadow mask is not larger than 0.28 mm and the number of display dots
in a horizontal direction on the phosphor screen is at least 1000 for a
useful diagonal phosphor screen 15 dimension not smaller than 41 cm (17
inches). For ease of use of the information terminal display monitor on an
ordinary office desk with a space sufficient for a keyboard and the like,
the monitor needs to be made compact by making its depth as small as
possible, and 20 therefore it is desirable to make its useful diagonal
screen dimension 51 cm (21 inches) and below. In prior art cathode ray
tubes having the maximum diagonal deflection angle of 90 , the lens-screen
distances L are about 293 mm, about 326 mm, and about 355 mm for useful 25
diagonal screen dimensions of 41 cm ( 17 inches ) , 46 cm ( 19   0 i APR
2002 -29~ inches ) and 51 cm ( 21 inches ) , respectively, and the ratio
D/L of the diagonal screen dimension D to the lens-screen distance L is
smaller than 1.45. In cathode ray tubes having the maximum diagonal 5
deflection angle of 100 to which the present invention is directed, the
lens-screen distances L are about 258 mm, about 282 mm and about 314 mm for
useful diagonal screen dimensions of 41 cm ( 17 inches ) , 46 cm ( 19
inches ) and 51 cm (21 inches), respectively, and the ratio D/L of the 10
diagonal screen dimension D to the lens-screen distance L is about 1.60.
The above values of the lens-screen distances L are selected such that
interference of magnetic deflection fields leaking from the deflection yoke
does not distort 15 the shape of electron beam spots on the phosphor screen
beyond an allowable limit and the anode-side end of the focus sub-electrode
which forms a final stage of a main lens in cooperation with the anode is
disposed as close to the phosphor screen as possible. 20 Although color
cathode ray tubes having a maximum diagonal deflection angle of
approximately 110  have been used for color Tv receivers, it is difficult
to employ a color cathode ray tube having the maximum deflection angle of
approximately 110  deflection in an information 25 terminal display
requiring a dynamic focusing circuit for 



0 1 APR 2002 --30 a high information content, large capacity and high
resolution display because of the magnitude of the dynamic focus voltage
limited by capacity of the circuit. The color cathode ray tube of the
present invention 5 adopts a maximum diagonal deflection angle larger than
90  in order to make its axial length (an overall length) shorter than that
of a conventional color cathode ray tube having a maximum diagonal
deflection angle of 90 , while still keeping the maximum diagonal
deflection angle less 10 than 1l0 to reduce the magnitude of the dynamic
voltage of the dynamic focus circuit in the information terminal display
monitor. In this color cathode ray tube having a maximum diagonal
deflection angle larger than 90 , but smaller than 110 , the ratio D/Z of
the diagonal phosphor 15 screen dimension D to the lens-screen distance Z
is selected to be in a range of about 1.45 to about 1.70 such that the
overall axial length of the cathode ray tube is made as short as possible,
but such that the main lens of the electron gun is free from adverse
effects of interference with 20 leakage magnetic fields from the deflection
yoke. The range of 241 mm to 352 mm for the lens-screen distance L
corresponds to the useful diagonal screen dimension of 41 cm ( 17 inches )
to 51 cm ( 21 inches ) of color cathode ray tubes. 25 In conclusion, the
color cathode ray tube of the first   0 1 APR 2002 -- 31 ~ embodiment can
reduce the diameter of the electron beam spot on the phosphor screen to 0.5
mm or a smaller value by satisfying the following relationships even when
the cathode ray tube employs a dark-tainted panel for the 5 faceplate of
the panel portion and a deflection yoke 8 for a relatively large deflection
angle, 100  , for example, 0 . 0625L (mm) ~ B - 20A/ ( 3 ~ ) ~ 22 . 0 (mm)
, and L ~ 352 (mm) . FIG. 3 is a horizontal cross-sectional view of a
second 10 embodiment of a color cathode ray tube in accordance with the
present invention. In the DF type in-line electron gun 37 of FIG. 3,
reference numeral 101 denotes a left-hand cathode, 10z is a center cathode,
103 is a right-hand cathode, 11 is the 15 G1 electrode, 12 is the G2
electrode, 33(1) is a first G3 



sub-electrode, 33(2) is a second G3 sub-electrode, 33(3) is a third G3
sub-electrode, 34 is the G4 electrode, 17 is the shield cup, 18 are the
vertical electrode pieces and 19 are the horizontal electrode pieces. 20
The same reference numerals as utilized in FIG. 1 designate corresponding
portions in FIG. 3. The structure of the color cathode ray tube in the
second embodiment may be substantially the same as in the first embodiment,
except that, in the second embodiment, 25 the means for focusing the
electron beams from the electron   Q 1 pPR 2002 -- 3 2 ~- generating means
comprising the cathodes 101, 102, 10;, the G1 electrode 11 and the G2
electrode 12 comprises the G3 sub-electrode 33(1), 33(2), 33(3), 33(4) and
the G4 electrode 34. 5 The first to third G3 sub-electrodes 33(1) to 33(3),
and the G4 electrode 34 in the second embodiment are identical in structure
with the first to third G5 sub electrodes 15(1) to 15(3), and the G6
electrode 16 in the first embodiment, respectively. 10 The second G3
sub-electrode 33 ( 2 ) is provided with the vertical electrode pieces 18
sandwiching horizontally each of the three electron beam apertures in its
end facing the third G3 sub-electrode 33 ( 3 ) , and the third G3
sub-electrode 33(3) is provided with a pair of the horizontal electrode 15
pieces 19 sandwiching vertically the three electron beam apertures in
common in its end facing the second G3 sub-electrode 33(2). The vertical
electrode pieces 18 and i the horizontal electrode pieces 19 form an
electrostatic quadrupole lens between the second and third G3 sub 20
electrodes 33(2), 33(3). The G1 electrode 11 is supplied with a voltage 



approximately equal to or near zero volt, the G2 electrode 12 is supplied
with a relatively low voltage Vg2 of about 400 to about 1000 volts, the
second G3 sub-electrode 33 ( 2 ) 25 is supplied with a fixed voltage Vfs of
about 5 kV to about   0 ~ AP R 200Z --33 ~- 10 kV, the first G3
sub-electrode 33(1) and the third G3 sub-electrode 33 ( 3 ) are supplied
with a focus voltage (Vfd + dVf ) which is a fixed voltage Vfd superposed
with a dynamic voltage dVf varying with deflection of the electron beams, 5
and the G4 electrode 34, the shield cup 17 and the internal conductive
coating 6 are supplied with an accelerating voltage (an anode voltage) Eb.
The color cathode ray tube of this embodiment forms two
curvature-of-the-image-field correction lenses between 10 the first and
second G3 sub-electrodes 33(1), 33(2) and between the third G3
sub-electrode 33(3) and the G4 electrode34, and one electrostatic
quadrupole lens between the second and third G3 sub-electrodes 33(2), 33(3)
by applying the focus voltage (Vfd + dVf) containing the 15 dynamic voltage
dVf to the first and third G3 sub-electrodes 33 ( 1 ) , 33 ( 3 ) , and
corrects astigmatism of an electron beam spot and curvature of the image
field. The color cathode ray tube of the second embodiment operates in the
way similar to the first embodiment. 20 Therefore further explanation for
the structure of the second embodiment is omitted. In the second
embodiment, the effective length of the final focus electrode adjacent to
the anode is the length designated as "c" , measured from the cathode-side
end of 25 the first G3 sub-electrode 33(1) to the phosphor   



01 APR 2402 --34~ screen-side end of the third G3 sub-electrode 33(3). The
cathode-side end of the first G3 sub-electrode 33 ( 1 ) faces directly the
accelerating electrode ( the G2 electrode ) 12 in the electron beam
generating section, and the correction 5 terms 20A/ ( 3 ~ ) considered in
the first embodiment need not be cons idered in the second embodiment . The
length "c" can be adopted for the effective length of a final focus
electrode in FIGS. 2A and 2B. In this embodiment, the lens-screen distance
L is a distance from a phosphor 10 screen-side end of the third G3
sub-electrode 33 ( 3 ) to the center of the phosphor screen in FIG. 3 . In
this embodiment, it is necessary to satisfy the following relationships:
0.0625L (mm) ~ C ~ 22.0 mm, and L ~ 352 (mm) . 15 The operation of the
second embodiment is substantially the same as that of the first embodiment
already described, the advantages provided by the second embodiment is
substantially the same as those of the first embodiment already described,
and therefore the explanation of the 20 operation and the advantages of the
second embodiment are omitted. FIG. 7 is a vertical cross-sectional view of
a third embodiment of a color cathode ray tube in accordance with the
present invention. 25 In the DF type in-line electron gun 67, reference   0
~ APR 2002 -- 3 5 ~ numeral 102 denotes a center cathode, 11 is the G1
electrode, 12 is the G2 electrode, 13 is the G3 electrode, 14 is the G4
electrode, 65(1) is a first G5 sub-electrode, 65(2) is a second G5
sub-electrode, 65 ( 3 ) is a third G5 sub-electrode, 



5 65 ( 4 ) is a fourth G5 sub-electrode, 16 is the G6 electrode, 17 is a
shield cup, 18 are vertical electrode pieces and 19 are horizontal
electrode pieces. FIG. 9 is a cross-sectional view of the second G5
sub-electrode 65(2) of FIG. 7 as viewed in the direction 10 of arrows IX-IX
in FIG. 7) and FIG. 10 is a cross-sectional view of the third G5
sub-electrode 65 ( 3 ) of FIG. 7 as viewed in the direction of arrows X - X
in FIG. 7. The second G5 sub-electrode 65(2) is provided with a pair of the
horizontal electrode pieces 19 sandwiching 15 vertically the three electron
beam apertures 652a, 652b, 652c in common in its end facing the third G5
sub-electrode 65 ( 3 ) , and the third G5 sub-electrode 65 ( 3 ) is
provided with the vertical electrode pieces 18 sandwiching horizontally
each of the three electron beam apertures 653a, 653b, 653c 20 in its end
facing the second G5 sub-electrode 65(2). The vertical electrode pieces 18
and the horizontal electrode pieces 19 form an electrostatic quadrupole
lens between the second and third G5 sub-electrodes 65(2), 65(3). The major
difference between the first and third 25 embodiments is that the vertical
electrode pieces 18 and   0 1 APR 2002 ~- 3 6 ~ the horizontal electrode
pieces 19 are interchanged. The color cathode ray tube of the third
embodiment forms three curvature-of-the-image-field correction lenses
between the first and second G5 sub-electrodes 65 ( 1 ) , 65 ( 2 ) , 5
between the third and fourth G5 sub-electrodes 65 ( 3 ) , 65 ( 4 ) and
between the fourth G5 sub-electrode 65(4) and the G6 electrode 16, and one
electrostatic quadrupole lens between the second and third G5
sub-electrodes 65(2), 65(3) by applying the focus voltage (Vfd + dVf)
containing the 10 dynamic voltage dVf to the second and fourth G5 sub
electrodes 65(2), 65(4), and corrects astigmatism of an electron beam spot
and curvature of the image field. The color cathode ray tube of the third
embodiment operates in the way similar to the first embodiment. 15 FIG. 8
is a vertical cross-sectional view of a fourth embodiment of a color
cathode ray tube in accordance with the present invention. Except for the
manner in which the respective electrodes are supplied with operating
voltages, the electrodes are 20 identical with those in the third
embodiment. In this 



embodiment the G5 electrode is considered to be divided into three
sub-electrodes including a first G5 sub-electrode 75(1), a second G5
sub-electrode 75(2) and a third G5 sub-electrode 75(3) because the first
and second G5 25 sub-electrodes 65(1),65(2)which are electrically isolated
~ ~ APR 2002 -37~ in the third embodiment are supplied with the same
voltage Vfd in the fourth embodiment. The color cathode ray tube of the
fourth embodiment forms curvature-of-the-image-field correction lenses 5
between the second and third G5 sub-electrodes 75 ( 2 ) , 75 ( 3 ) and
between the third G5 sub-electrode 75(3) and the G6 electrode 16, and one
electrostatic quadrupole lens between the first and second G5
sub-electrodes 75(1), 75(2) by applying the focus voltage (Vfd + dVf)
containing the 10 dynamic voltage dVf to the first and second G5 sub
electrodes 75(1), 75(2), and corrects astigmatism of an electron beam spot
and curvature of the image field. The color cathode ray tube of the fourth
embodiment operates in the way similar to the first embodiment. 15 As
described above, the present invention provides the advantages of limiting
the diameter of the electron beam spot on the phosphor screen to 0.5 mm or
less, limiting the dynamic voltage to 650 volts or less and reducing
appearance of raster moire even when a faceplate having a reduced light 20
transmission and a wide-angle deflection yoke are employed, by forming a
lens for correcting curvature of the image field and an electrostatic
quadrupole lens with the final focus electrode adjacent to the anode and
optimizing the length of the final focus electrode. 25 The number of the
sub-electrodes into which a focus  



0 1 pPR 2002 ~-38~ electrode adjacent to an anode is divided is three in
the first, second and fourth embodiments, and four in the third embodiment,
but the number of the sub-electrodes is not limited to these, and it
depends upon the desired number 5 of electrostatic quadrupole lenses and
lens for correction of curvature of the image field. The electron gun of
the present invention includes at least one of each of an electrostatic
quadrupole lens and a lens for correction of i curvature of the image
field.   0 '1 AP R 2002 --39 WHAT IS CLAIMED IS: 1. A color cathode ray
tube comprising an evacuated envelope comprising a panel portion, a 5 neck
portion, a funnel portion for connecting said panel portion and said neck
portion, a phosphor screen formed on an inner surface of a faceplate of
said panel portion, an in-line type electron gun housed in said neck 10
portion, and a deflection yoke mounted around said funnel portion; said
in-line type electron gun comprising an electron beam generating section
having three in-line cathodes, a G1 electrode and a G2 electrode 15
arranged in the order named for projecting three electron
beamsarrangedapproximately in parallelwith each other in a horizontal plane
toward said phosphor screen, and an electron beam focusing section
comprising a G3 



20 electrode, a G4 electrode, a G5 electrode and an anode arranged in the
order named for focusing said three electron beams on said phosphor screen,
wherein said G5 electrode comprises a plurality of sub 25 electrodes
arranged to be supplied alternately with a first   0 1 AP R 2~2 -40 ~ focus
voltage and a second focus voltage, said first focus voltage being a first
fixed voltage, said second focus voltage being a second fixed voltage
superposed with a dynamic voltage varying with deflection 5 of said three
electron beams, at least one electrostatic quadrupole lens is formed
between two of said plurality of sub-electrodes supplied alternately with
said first focus voltage and said second focus voltage, 10 at least one
lens for correcting curvature of the image field is formed between two of
said plurality of sub electrodes supplied alternately with said first focus
voltage and said second focus voltage, said G4 electrode, said G5 electrode
and said phosphor 15 screen satisfy following inequalities: 0.0625XL (mm) ~
B - 20A/(3 ~ ) ~ 22.0 mm, and L (mm) ~ 352 mm where A (mm) is an axial
length of said G4 electrode, ~ (mm) is an average of horizontal and
vertical 20 diameters of an electron beam aperture for a center electron
beam of said three electron beams in said G4 electrode, B (mm) is an axial
length measured from a cathode 



side end of said G5 electrode to a phosphor screen side end of said G5
electrode, and 25 L (mm) is an axial distance from said phosphor   Q ~ APR
2002 -41 screen side end of said G5 electrode to a center of said phosphor
screen. 2. A color cathode ray tube comprising an evacuated envelope
comprising a panel portion, a 5 neck portion, a funnel portion for
connecting said panel portion and said neck portion, a phosphor screen
formed on an inner surface of a faceplate of said panel portion, an in-line
type electron gun housed in said neck 10 portion, and a deflection yoke
mounted around said funnel portion; said in-line type electron gun
comprising an electron beam generating section having three in-line
cathodes, a G1 electrode and a G2 electrode 15 arranged in the order named
for projecting three electronbeams arrangedapproximately in parallelwith
each other in a horizontal plane toward said phosphor screen, and an
electron beam focusing section comprising a G3 20 electrode, and an anode
arranged in the order named for focusing said three electron beams on said
phosphor screen, wherein said G3 electrode comprises a plurality of sub 25
electrodes arranged to be supplied alternately with a first 



0 1 AP R 2002 -42 ~- focus voltage and a second focus voltage, said first
focus voltage being a first fixed voltage, said second focus voltage being
a second fixed voltage superposed with a dynamic voltage varying with
deflection 5 of said three electron beams, at least one electrostatic
quadrupole lens is formed between two of said plurality of sub-electrodes
supplied alternately with said first focus voltage and said second focus
voltage, 10 at least one lens for correcting curvature of the image field
is formed between two of said plurality of sub electrodes supplied
alternately with said first focus voltage and said second focus voltage,
said G3 electrode and said phosphor screen satisfy 15 following
inequalities: 0. 0625 XLA (mm) ~ C ~ 22.0 mm LA (mm) ~ 352 mm where C (mm)
is an axial length measured from a cathode side end of said G3 electrode to
a phosphor 20 screen side end of said G3 electrode, and LA (mm) is an axial
distance from said phosphor screen side end of said G3 electrode to a
center of said phosphor screen. 3 . A color cathode ray tube according to
claim 1 , 25 wherein said second focus voltage is supplied to a group   '~
AP R 2002 



~-43 ~ of said plurality of sub-electrodes including one nearest said
anode. 4. A color cathode ray tube according to claim 2, wherein said
second focus voltage is supplied to a group 5 of said plurality of
sub-electrodes including one nearest said anode. 5 . A color cathode ray
tube according to claim 1 , wherein said deflection yoke is of the type
having both horizontal and vertical deflection windings wound in a 10
saddle configuration for a diagonal deflection angle in a range of 95 to
105 6. A color cathode ray tube according to claim 2 , wherein said
deflection yoke is of the type having both horizontal and vertical
deflection windings wound in a 15 saddle configuration for a diagonal
deflection angle in a range of 95 to 105 . 7. A color cathode ray tube
according to claim 1, wherein said at least one electrostatic quadrupole
lens is formed between second and third ones of said 20 plurality of
sub-electrodes counting from a side of said cathode. 8. A color cathode ray
tube according to claim 2, wherein said at least one electrostatic
quadrupole lens is formed between second and third ones of said 25
plurality of sub-electrodes counting from a side of   o , APR Z~z -44 ~
said cathode. 9. A color cathode ray tube according to claim 1, 



wherein said plurality of sub-electrodes are at least three in number. 5
10. A color cathode ray tube according to claim 2, wherein said plurality
of sub-electrodes are at least three in number. 11. A color cathode ray
tube according to claim 1, wherein said plurality of sub-electrodes are
four 10 in number. 12. A color cathode ray tube according to claim 2,
wherein said plurality of sub-electrodes are four in number. 13. A color
cathode ray tube according to claim 15 1, wherein said first fixed voltage
and said second fixed voltage are in a range of about 5 kV to about 10 kV,
and said anode is supplied with a voltage in a range of about 20 kV to
about 30 kV. 14. A color cathode ray tube according to claim 20 2, wherein
said first fixed voltage and said second fixed voltage are in a range of
about 5 kV to about 10 kV, and said anode is supplied with a voltage in a
range of about 20 kV to about 30 kV. 15. A color cathode ray tube according
to claim 1, 25 wherein a light transmission of said faceplate is about
38~. -45 ~ ~ ~ AP R 200Z 16. A color cathode ray tube according to claim 2,
wherein a light transmission of said faceplate is about 38~.
.A,.Af,.A(y,.A.AN.AY,.A@.A?.A!.A(y.A@.A,.A.AR.A5.AU.A(S.A.A@,.A.A;
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