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(54) Color display system utilizing quadrupole lenses

(57) A color cathode ray tube has an electron gun
including at least a cathode (K1,K5,K3), a control elec-
trode (10), an accelerating electrode (20), a focus elec-
trode (30-50) and an anode (60) spaced axially in the
order named. The focus electrode includes a first focus
electrode (30), a second focus electrode (40) and a third
focus electrode (50), the first focus electrode (30) facing
the accelerating electrode (20). A first quadrupole lens
structure is formed on the first and the second focus elec-

trode, and a second quadrupole lens structure is formed
on the second focus electrode and the third focus elec-
trode. A dynamic focus voltage is applied to the first and
third focus electrodes so that the first quadrupole lens
structure produces horizontally diverging and vertically
focusing actions on the electron beam and the second
quadrupole lens structure produces horizontally focus-
ing and vertically diverging actions on the electron beam.
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Description

BACKGROUND OF THE INVENTION

The present invention relates to a color display sys-
tem and particularly to a cathode ray tube having
improved resolution over the entire phosphor screen and
a color display system provided with this cathode ray
tube.

The resolution of a color cathode ray tube depends
on the size and shape of beam spots on the phosphor
screen.

If the beam spot formed by impingement of an elec-
tron beam emitted from an electron gun onto the phos-
phor screen and resultant luminescence of the phosphor
screen is small in diameter and close to a true circle, it
provides a good resolution.

The electron beam emitted from the electron gun is
deflected horizontally and vertically on the way to the
phosphor screen and reaches the phosphor screen. The
central area and peripheral area of the phosphor screen
are different in the distance from the center of deflection
from each other, so that as the deflection of the electron
beam increases, the shape of the beam spot elongates
vertically for the most part.

In a so-called in-line electron gun emitting three
electron beams, the two side electron beams are dis-
placed from the tube axis, so that their convergence is
degraded in the peripheral area of the phosphor screen
and the resolution deteriorates.

Fig. 1is a schematic cross sectional view illustrating
a structure example of a color cathode ray tube to which
the present invention is applied. Numeral 1 indicates a
panel portion, 2 a funnel portion, 3 a neck portion, 4 a
phosphor screen, and 5 a shadow mask which is a color
selection electrode. Numeral 6 indicates a third elec-
trode, 7 a fourth electrode, 8 a shield cup, 14 a deflection
yoke, 15, 16, and 17 center axes of electron beams, and
18 and 19 centers of the side electron beam passage
apertures of the fourth electrode 7.

Cathode portions K1, K2, and K3, a first electrode
10, and a second electrode 20 constitute a so-called tri-
ode portion.

As shown in the figure, the color cathode ray tube
comprises an evacuated envelope formed of the panel
portion 1 and the neck portion 3 joined to the side wall
of the panel portion 1 via the funnel 2, an electron gun
incorporated in the neck portion 3, the deflection yoke
14 mounted on the outer wall of the funnel portion 2 and
the neck portion 3 in the neighborhood of their junction,
and the multi-apertured shadow mask 5 in predeter-
mined spaced relation adjacent to the phosphor screen
4,

Striped or dotted phosphors of red, green, and blue
are coated on the phosphor screen.

Three electron beams emitted from the electron gun
are color-selected by the shadow mask 5, impinge on
the phosphors associated with the respective electron
beams and cause the phosphors to luminesce.
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The electron gun comprises an electron beam gen-
eration portion for generating, accelerating, and control-
ling three parallel electron beams of in-line arrangement
from the cathode portions K4, Ky, and Kg, aprefocus lens
portion for focusing the electron beams slightly, and a
main lens portion for focusing the electron beams on the
phosphor screen 4 and the three electron beams are
deflected by the magnetic deflection yoke 14 so as to
scanthe beamsin a rectangular raster over the phosphor
screen 4.

The constitution shown in the figure is an example
and a variety of electron guns are known in terms of the
number of electrodes constituting the electron gun, the
shapes of electron beam apertures in the electrodes,
and the structures of the electrodes.

Fig. 2is an illustration of the magnetic deflectionfield
by the deflection yoke acting on electron beams. The
magnetic deflection field by the magnetic deflection yoke
has, as shown in the figure, a pin cushion shaped distor-
tion 14H in the horizontal deflection field and a barrel
shaped distortion 14V in the vertical deflection field.

Figs. 3A and 3B are illustrations of the deflection and
shape distortion of an electron beam spot by the mag-
netic deflectionfield. An electron beam B deflected to the
periphery of the phosphor screen is subject to diffusing
force th in the horizontal direction and focusing force fv
in the vertical direction as shown in Fig. 3B in addition to
the force Fh for deflecting the electron beam as shown
in Fig. 3A and forms a distorted spot shape.

Fig. 4 is an illustration of the beam spot shapes on
the phosphor screen. Although the beam spot OO in the
center area of the phosphor screen 3 is circular, the
beam spots generated in the peripheral area of the phos-
phor screen are distorted to a non-circle comprising a
core BC of high intensity and a halo BH and particularly
the large vertical elongation of the halo BH affects
adversely the focus characteristic.

As a countermeasure for degradation of the focus
characteristic, for example, an art disclosed in Japanese
Patent Application Laid-Open 62-58549 may be cited.

Fig. 5 is a cross sectional view illustrating the con-
stitution of the electron gun disclosed in the aforemen-
tioned prior art. Symbols K1, K2, and K3 indicate
cathodes, numeral 10 a control grid, 20 an accelerating
electrode, 30 a first focus electrode, 40 a second focus
electrode, 48 a rim electrode, 50 a third focus electrode,
60 ananode, 11, 12, 13, 21, 22, 23, 31, 32, 33,4143, 423,
43a, 41b, 42b, 43b, 513, 523, 534, 51b, 52b, 53b, 61, 62,
and 63 respective electron beam passage apertures
thereof, 44, 45, 46, and 47 vertical plates, and 54 and 55
horizontal plates. Symbol C indicates an electron gun
axis (coincides with the tube axis), S1 a displacement of
each of the side electron beams from the electron gun
axis C, and S2 a displacement of each of the side elec-
tron beam passage apertures 61 and 63 of the anode 60
from the electron gun axis C.

Fig. 6 is a plan view of the accelerating electrode 20
in a direction of the arrow 100 shown in Fig. 5, and Fig.
7 is also a plan view of the second focus electrode 40 in
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adirection of the arrow 101, and Fig. 8 is also a plan view
of the third focus electrode 50 in a direction of the arrow
102.

As shown in Fig. 6, slits 24, 25, and 26 elongated in
theinline direction of the three electron beams are super-
posed on the three circular electron beam passage aper-
tures 21, 22 and 23 on the first focus electrode 30 side
of the accelerating electrode 20.

As shown in Fig. 7, the second focus electrode 40
has the circular electron beam passage apertures 41b,
42b, and 43b on the side of the third focus electrode 50,
opposes the third focus electrode 50, and furthermore
has a first plate electrode (vertical plate) comprising the
four vertical parallel plates 44, 45, 46, and 47 which are
attached on the opposite sides of each aperture so as to
extent toward the third focus electrode 50.

The second focus electrode 40 has the rim electrode
48 which surrounds the first plate electrode and extends
a predetermined distance from ends 44a, 45a, 46a, and
47a of the parallel plates toward the third focus electrode
50.

As shown in Fig. 8, the third focus electrode 50 has
the three circular electron beam passage apertures 51a,
52a, and 53a on the side of the second focus electrode
40 and has a second plate electrode (horizontal plate)
comprising a pair of horizontal parallel plates 54 and 55
which are attached so as to sandwich the three circular
electron beam passage apertures vertically and to
extend toward the second focus electrode 40. The ends
54a and 55a of the horizontal parallel plates constituting
the second plate electrode extend into the rim electrode
48 of the second focus electrode 40 and are spaced a
predetermined interval L from the ends 44a, 45a, 46a,
and 47a of the vertical parallel plates of the second focus
electrode 40 along the electron gun axis.

The anode 60 has the three circular electron beam
passage apertures 61, 62, and 63 on its end face.
Between the displacement S2 of the side electron beam
passage apertures 61 and 63 from the electron gun axis
and the displacement S1 of the cathodes K and K3 and
the side electron beam passage apertures of the control
grid 10, the accelerating electrode 20, the first focus elec-
trode 30, the second focus electrode 40, and the third
focus electrode 50 preceding the anode 60, a relation of
825851 is held, a main lens is formed between the third
focus electrode 50 and the anode 60, and the side elec-
tron beams SB1 and SB2 are converged at a point on
the phosphor screen.

In operation of the electron gun, 50 to 170 V is
applied on the cathodes K4, Ko, and K3, 0 t0-150 V on
the control grid 10, 400 to 800 V on the accelerating elec-
trode 20, 5 to 8 kV on the second focus electrode 40 as
a focus voltage Vi, 23 to 30 kV on the anode 60 as an
anode voltage Eb, and a dynamic voltage DVf which var-
ies in synchronization with the horizontal and vertical
deflections of the electron beams on the first focus elec-
trode 30 and the third focus electrode 50.

When the electron beams are undeflected, there
exists no potential difference between the first focus
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electrode 30, the second focus electrode 40, and the
third focus electrode 50. Therefore, the presence of the
parallel plates (vertical plates) 44, 45, 46, and 47 in the
second focus electrode 40 and the parallel plates (hori-
zontal plates) 54 and 55 attached to the third focus elec-
trode 50 exerts no influence on the beams and the cross
section of the electron beams are elongated horizontally
by a quadrupole lens formed by the slits 24, 25, and 26
elongated in the inline direction of the three electron
beams on the side of the first focus electrode 30 of the
accelerating electrode 20 but the electron beams are
brought into an optimum focus on the phosphor screen
by the main lens between the third focus electrode 50
and the anode 60.

Fig. 9 is an illustration of an electron beam bundle
emitted from the accelerating electrode 20 under the
aforementioned operating voltage condition and Fig. 10
is a schematic diagram expressing the electron beam
trajectories electron-optically.

The electron beams leaving the slits 24, 25, and 26
ofthe accelerating electrode 20 are subjected to a strong
vertical focusing action and the cross section of each
electron beam is elongated horizontally on the phosphor
screen as shown in Fig. 9. In this case, the H portion of
high current density is formed in the center of each cross
section and the L portions of low current density are
formed on both sides thereof.

When the electron beam is undeflected, the electron
trajectories are as shown in Fig. 10, and the electron
beam is overfocused horizontally indicated with Ph and
underfocused vertically indicated with Pv, due to spher-
ical aberration and the focus voltage is adjusted for focus
within the shown range W on the phosphor screen.

The beam spot on the phosphor screen at this time
has a vertically elongated shape comprising the H por-
tion of high current density.

Fig. 11 is an illustration of an effect on beam spots
by the parallel plates (vertical plates) 44, 45, 46, and 47
in the second focus electrode 40 and the parallel plates
(horizontal plates) 54 and 55 attached to the third focus
electrode 50 and Fig. 12 is an illustration of an effect on
a beam spot by the parallel plates (horizontal plates) 54
and 55 attached to the third focus electrode 50.

When the deflection amount of each electron beam
is increased, the potentials of the first focus electrode 30
and the third focus electrode 50 is made higher than the
potential of the second focus electrode 40. Therefore, a
strong horizontally focusing lens action (Fv<Fh) by the
parallel plates (vertical plates) (44), 45, 46, and (47) in
the second focus electrode 40 as shown in Fig. 11 and
a strong vertically divergent lens action Fvv by the par-
allel plates (horizontal plates) 54 and 55 attached to the
third focus electrode 50 as shown in Fig. 12, constitute
a quadrupole lens electric field and the cross section of
the electron beam is shaped to be elongated vertically,
and at the same time the potential difference between
the third focus electrode 50 and the anode 60 is reduced,
and the focusing action by the main lens is weakened,
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and the electron beams are brought into an optimum
focus in the peripheral area of the phosphor screen.

The aforementioned quadrupole lens action acts so
as to cancel the effect on the electron beams by the mag-
netic deflection aberration, so that the electron beams
are brought into an optimum focus on the screen. How-
ever, the entrance angle of the electron beam into the
main lens formed by the third focus electrode 50 and the
anode 60 and the beam diameter are different between
the horizontal direction and the vertical direction, and it
is impossible to make the shape of the beam spot closer
to a circle because the lens magnification in the main
lens is different between the horizontal direction and the
vertical direction.

Figs. 13A and 13B are illustrations of a light-optical
equivalent of the quadrupole lens action by the second
and third focus electrodes and the electron beam trajec-
tories when the electron beams are deflected horizon-
tally, and Fig. 13A is a horizontal cross sectional view,
and Fig. 13B is a vertical cross sectional view. Numeral
70 indicates a crossover point of an electron beam equiv-
alent to an object of the lens system, 72 a convex lens
representing the horizontal focusing action by a quadru-
pole lens electric field formed between the second focus
electrode and the third focus electrode, 73 a main lens,
74 a concave lens representing the horizontal diverging
action by the magnetic deflection field, 75 a phosphor
screen, 76 an electron beam trajectory, 78 a concave
lens representing the vertical diverging action, 79 a con-
vex lens representing the vertical focusing action by the
magnetic deflection field, and 80 a beam impinging point
on the phosphor screen.

As shown in the figure, the electron lens system can
be represented by a light-optics equivalent of a sequen-
tial arrangement of the convex, convex, and concave
lenses in a horizontal cross section from the object 70
side and a sequential arrangement of the concave, con-
vex, and convex lenses in a vertical cross section. When
the lens system is adjusted for horizontally and vertically
optimum focuses, the horizontal and vertical entrance
angles of the beam impinging on the phosphor screen
75 have a relation of aH<aV.

Assuming that an electron beam leaves the object
70 at an exit angle a and impinges on a position 80 at
the entrance angle a0 on the phosphor screen via the
lens system, and the potentials at the object 70 and the
phosphor screen are V and V' respectively, the electron
lens system magnification M can be generally expressed
by M =(a/a0)/V/V' | and the horizontal magnification
MH of the lens system can be expressed by

MH = (o/aH)/V/V' and the vertical magnification MV
can be expressed by MV = (a/aV) NV'

As mentioned above, the horizontal and vertical
entrance angles of impinging on the phosphor screen 75
have a relation of aH<aV, resulting in the relationship of
the lens magnifications MV<MH, and the beam spot
diameter becomes elongated horizontally.
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To correct the horizontal and vertical lens magnifi-
cations, the slits 24, 25, and 26 are formed in the accel-
erating electrode 20 as shown in Fig. 6.

Figs. 14A and 14B are illustrations of light-optics
equivalents representing a correction of the horizontal
and vertical lens magnifications by the slits of the accel-
erating electrode, and Fig. 14A is a horizontal cross sec-
tional view, and Fig. 14B is a vertical cross sectional view.

As shown in Figs. 14A and 14B, the quadrupole lens
electric field generated by the slits of the accelerating
electrode produces a convex lens 71 having a weak
focusing action in the horizontal direction and a convex
lens 77 having a strong focusing action in the vertical
direction.

An electron beam emitted from the object 70 at an
angle of a enters the convex lens 71 in the horizontal
direction the focusing action of which is weaker than that
in the vertical direction, so that the exit angle in the hor-
izontal direction becomes o' close to aand the exit angle
in the vertical direction becomes " smaller than a. In
this case, the object position viewed from the electron
beam having passed the convex lens 71 or 77 generally
moves backward from the object 70. However, since the
accelerating electrode is at the crossover position, this
shift is small and can be ignored.

The exit angle of the electron beam in the vertical
direction is made smaller than that in the horizontal direc-
tion by the quadrupole lens electricfields (convex lenses)
71 and 77 generated by the slits of the accelerating elec-
trode. As a result, the vertical entrance angle o'V of an
electron beam which passes through the electron lens
system and strikes the beam impinging point 80 on the
phosphor screen will not become excessively larger than
the horizontal entrance angle o’H and o'V can be con-
sidered to be nearly equal to o’H. Namely, the vertical
and horizontal lens magnifications MV and MH can be
considered nearly equal to each other.

By doing this, an optimum focus characteristic can
be obtained over the entire phosphor screen.

SUMMARY OF THE INVENTION

According to the aforementioned prior art, when
electron beams are undeflected, the quadrupole lens by
the slits of the accelerating electrode operates so that
the electron beams are elongated horizontally. There-
fore, the beam spots on the phosphor screen are elon-
gated vertically from the relation with the aforementioned
current density distribution and the cross section of the
electron beam is increased by correction of the differ-
ence between the horizontal and vertical focal lengths,
accordingly the horizontal resolution is easily degraded.

In the prior art electron gun, for a large beam current
operation the quadrupole lens formed by the slits of the
accelerating electrode produces a stronger effect on the
electron beam. When the beam is undeflected, the ver-
tical diameter of the beam spot increases further, and
when the electron beam is deflected to the corners of the
phosphor screen, the quadrupole lens action (horizontal
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elongation of the cross section) on the beam is stronger
and the horizontal diameter of the electron beam inside
the main lens increases and consequently the spherical
aberration affects more adversely, andincreases the hor-
izontal diameter of the electron beam.

These degrade uniformity of the beam spot over the
entire phosphor screen depending upon the amount of
the beam current.

The current density of an electron beam is unevenly
distributed so that it is high in the center and low at the
peripheries, and the current density distribution is easily
imbalanced due to the physical variations of the elec-
trodes and the assembly errors thereof of the electron
gun. When the electron beam is deflected to the corners
of the phosphor screen, the portion of low current density
isimbalanced further due to the magnetic deflection field
and the image quality is degraded.

An object of the present invention is to solve the
aforementioned problems with the prior art and to pro-
vide a color cathode ray tube having an electron gun
which can produce a satisfactory resolution over the
entire phosphor screen and a color display system using
it.

According to one aspect of this invention there is
provided a color cathode ray tube having an electron gun
comprising at least a cathode, a control electrode, an
accelerating electrode, a focus electrode and an anode
spaced axially in the order named, wherein the focus
electrode compries at least a first focus electrode, a sec-
ond focus electrode and a third focus electrode spaced
in the order named, the first focus electrode faces the
accelerating electrode, a first quadrupole lens structure
is formed by at least one of a portion of the first focus
electrode facing the second focus electrode and a por-
tion of the second focus electrode facing the first focus
electrode, and a second quadrupole lens structure is
formed by at least one of a portion of the second focus
electrode facing the third focus electrode and a portion
of the third focus electrode facing the second focus elec-
trode.

According to another aspect of this invention there
is provided a color display system including a color cath-
ode ray tube having an electron gun comprising at least
a cathode, a control electrode, an accelerating electrode,
a focus electrode and an anode spaced axially in the
order named, wherein the focus electrode comprises at
least a first focus electrode, a second focus electrode
and a third focus electrode spaced in the order named,
thefirst focus electrode faces the accelerating electrode,
afirst quadrupole lens structure is formed by at least one
of a portion of the first focus electrode facing the second
focus electrode and a portion of the second focus elec-
trode facing the first focus electrode, a second quadru-
pole lens structure is formed by at least one of a portion
of the second focus electrode facing the third focus elec-
trode and a portion of the third focus electrode facing the
second focus electrode, and a dynamic focus voltage
varying with deflection of an electron beam to a voltage
higher than a voltage applied to the second focus elec-
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trode is applied to the first and third focus electrodes so
that the first quadrupole lens structure produces horizon-
tally diverging and vertically focusing actions on the elec-
tron beam and the second quadrupole lens structure
produces horizontally focusing and vertically diverging
actions on the electron beam.

According to the present invention having the afore-
mentioned constitution, when the electronbeam is unde-
flected the horizontal and vertical lens magnifications
can be made equal to each other in the main lens formed
between the third focus electrode and the anode, and an
electron beam emitted from the cathode produces
almost a truly circular and small beam spot.

When the deflection amount of an electron beam is
increased, the electron beam is initially elongated hori-
zontally by horizontally diverging and vertically focusing
actions produced by the quadrupole lens formed
between the first focus electrode and the second focus
electrode and subsequently by vertically diverging and
horizontally focusing actions produced by the quadru-
pole lens formed between the second focus electrode
and the third focus electrode, the imbalance between the
vertical and horizontal lens magnification is corrected.
Furthermore, the amount of correction is varied with the
deflection amount of the electron beam, and correction
in the lens magnifications can be designed as desired,
and the current density distribution in the horizontally
elongated electron beam bundle becomes almost uni-
form unlike that when the accelerating electrode 20
shown in Fig. 6 is used, and the imbalance amount in
halo due to the assembling errors of the electron gun is
reduced.

When an electron beam is undeflected, the electron
beam emitted from the cathode can provide a truly cir-
cular and small beam spot by the main lens formed
between the third focus electrode and the anode.

Furthermore, according to the present invention,
when an electron beam is deflected and the voltage
applied to the first focus electrode is raised, the electric
field strength in the spacing between the accelerating
electrode and the first focus electrode increases (the
lens magnification increases) and the angle of diver-
gence of the electron beam leaving the accelerating
electrode is reduced.

This reduction of the divergence angle of the elec-
tron beam decreases the beam diameter within the pre-
ceding one of the two quadrupole lenses and the beam
diameter within the main lens when the electron beam is
deflected, suppresses the horizontal spreading of the
electron beam at a large current and reduces the influ-
ences of spherical aberration of the main lens and those
of deflection aberration produced by the magnetic
deflection field. The reductions in these two aberrations
improve uniformity of the shapes of the beam spots over
the entire phosphor screen in a range of small to large
currents.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1is a schematic cross sectional view illustrating
a structural example of a color cathode ray tube to which
the present invention is applied.

Fig. 2 is an illustration of magnetic deflection fields
acting on an electron beam generated by a deflection
yoke.

Figs. 3A and 3B are illustrations of deflection of an
electron beam and a distortion of the shape of the elec-
tron beam spot by a magnetic deflection field.

Fig. 4 is an illustration of shapes of the beam spot
on the phosphor screen.

Fig. 5 is a cross sectional view illustrating the con-
stitution of an electron gun of the prior art.

Fig. 6 is a plan view of the accelerating electrode in
a direction of the arrows 100 shown in Fig. 5.

Fig. 7 is a plan view of the second focus electrode
in a direction of the arrow 101 shown in Fig. 5.

Fig. 8 is a plan view of the third focus electrode in a
direction of the arrow 102 shown in Fig. 5.

Fig. 9 is an illustration of the beam spot shape on
the phosphor screen under the operating voltage condi-
tion shown in Fig. 5.

Fig. 10 is a schematic diagram expressing a lens
action on an electron beam.

Fig. 11 is an illustration of effects of parallel plates
(vertical plates) in the second focus electrode and par-
allel plates (horizontal plates) attached to the third focus
electrode on a beam spot.

Fig. 12 is an illustration of an effect of parallel plates
(horizontal plates) attached to the third focus electrode
on a beam spot.

Figs. 13A and 13B are illustrations of electron beam
trajectories when an electron beam is deflected horizon-
tally by using light-optics equivalents.

Figs. 14A and 14B are illustrations of corrections of
the horizontal and vertical lens magnifications by the slits
of the accelerating electrode by using light-optics equiv-
alents.

Fig. 15 is a cross sectional view illustrating the con-
stitution of an embodiment of an electron gun for a color
cathode ray tube of the present invention.

Figs. 16A and 16B are a front view of the first focus
electrode in a direction of the arrow 103 shown in Fig. 15
and an illustration of an action thereof on an electron
beam respectively.

Fig. 17 illustrates a lens action on an electron beam
in the neighborhood of the accelerating electrode shown
in Fig. 15.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The embodiments of the present invention will be
explained in detail hereunder with reference to the
accompanying drawings.
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Fig. 15 is a cross sectional view illustrating the con-
stitution of an embodiment of an electron gun for a color
cathode ray tube of the present invention.

Fig. 16A is a front view of the first focus plate elec-
trode in a direction of the arrow 103 shown in Fig. 15and
Fig. 16B is an illustration of an action of the electrode
shown in Fig. 16A on an electron beam.

In Figs. 15, 16A, and 16B, symbols K1, K2, and K3
indicate cathodes, numeral 10 a control electrode, 20 an
accelerating electrode, 30 a first focus electrode, 35 a
first focus plate electrode, 40 a second focus electrode,
48 a rim electrode, 50 a third focus electrode, 60 an
anode, 11, 12, 13, 21, 22, 23, 31a, 32a, 333, 31b, 32b,
33b, 41a, 42a, 43a, 41b, 42b, 43b, 513, 52a, 53a, 51b,
52b, 53b, 61, 62, and 63 electron beam passage aper-
tures thereof, respectively, 36, 37, and 38 vertically elon-
gated rectangular apertures, 44, 45, 46, and 47 vertical
plates, and 54 and 55 horizontal plates.

Symbol C indicates an electron gun axis (coincides
with the tube axis), S1 a displacement of each of the side
electron beams from the electron gun axis C, and S2 a
displacement of each of the side electron beam passage
apertures 61 and 63 of the anode 60 from the electron
gun axis C.

The first focus electrode 30 has the circular beam
passage apertures 31a, 32a, 33a, 31b, 32b, and 33b.
The first focus plate electrode 35 has the vertically elon-
gated rectangular apertures 36, 37, and 38 and is elec-
trically connected to the first focus electrode 30.

The second focus electrode 40 has afirst plate elec-
trode (vertical plate) formed of the four vertical parallel
plates 44, 45, 46, and 47 attached on the opposite sides
of each ofthe three circular electron beam passage aper-
tures 41b, 42b, and 43b on its end face on the side of the
third focus electrode 50. The second focus electrode 40
has the rim electrode 48 which surrounds the first plate
electrode and extends a predetermined distance from
ends 44a, 453, 46a, and 47a of the parallel plates toward
the third focus electrode 50.

The third focus electrode 50 has the three circular
electron beam passage apertures 513, 52a, and 53ain
its end face on the side of the second focus electrode 40
and has a second plate electrode (horizontal plate)
formed of a pair of horizontal parallel plates 54 and 55
attached thereon and extending toward the second focus
electrode 40 so as to sandwich the electron beam pas-
sage apertures vertically.

The ends 54a and 55a of the parallel plates 54 and
55 constituting the second plate electrode extend into the
rim electrode 48 of the second focus electrode 40 and
are spaced a predetermined interval L from the ends
443, 45a, 46a, and 47a of the vertical parallel plates of
the second focus electrode 40 along the electron gun
axis.

In the end face of the anode 60, the three circular
electron beam passage apertures 61, 62, and 63 are
formed. Between the displacement S2 of the side elec-
tron beam passage apertures in the anode 60 from the
electron gun axis and the displacement S1 of the cath-
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odes K4 and K3, and the side electron beam passage
apertures of the control grid 10, of the accelerating elec-
trode 20, of the second focus electrode 40, and of the
third focus electrode 50, a relation of S2>S1 is main-
tained, a main lens is formed between the third focus
electrode 50 and the anode 60, and the side electron
beams SB1 and SB2 are designed to converge on the
center electron beam CB on the phosphor screen.

In operation of the electron gun, 50 to 170 V is
applied on the cathodes, 0 to -150 V on the control grid,
200 to 1000 V on the accelerating electrode, 4 to 10 kV
on the second focus electrode 40 (hereinafter Vy), 23 to
30 kV on the anode (hereinafter Ep), and a dynamic volt-
age DVfwhich varies in synchronization with the horizon-
tal and vertical deflections of the electron beams on the
first focus electrode 30, the first focus plate electrode 35,
and the third focus electrode 50.

When the electron beams are undeflected, there
exists no potential difference between the first focus
electrode 30, the first focus plate electrode 35, the sec-
ond focus electrode 40, and the third focus electrode 50.
Therefore, the presence of the vertically elongated rec-
tangular apertures 36, 37, and 38 in the first focus plate
electrode 35, the parallel plates (vertical plates) 44, 45,
46, and 47 in the second focus electrode 40, and the par-
allel plates (horizontal plates) 54 and 55 attached to the
third focus electrode 50 exerts no influence on the elec-
tron beams and the electron beams from the cathodes
form circular and small beam spots on the phosphor
screen by the main lens formed between the third focus
electrode 50 and the anode 60.

When the deflection amount of an electron beam
increases and the potential of the first focus electrode 30
increases as shown in Fig. 17, the potential difference
between the first focus electrode 30 and the accelerating
electrode 20 increases further and the equipotential lines
E1, E2, and E3 indicated by solid lines between the first
focus electrode 30 and the accelerating electrode 20
change to more sharply curved equipotential lines E1’,
E2', and E3' indicated by dotted lines.

The electron beam at this time is subjected to a
stronger focusing action than that when the magnetic
deflection field is 0, and the angle of beam divergence
of the electron beam trajectory Bc in the aperture 31b of
thefirst focus electrode 30 is reduced as indicated by the
trajectory Be, and the electron beam enters between the
first focus plate electrode 35 and the second focus elec-
trode 40, is horizontally elongated in its cross section by
the quadrupole lens action, and then enters the lenses
between the second focus electrode 40 and the third
focus electrode 50 and between the third focus electrode
50 and the anode 60, successively.

Adynamic voltage varying by an amount (200 to 800
V for the useful scanned area of the phosphor screen,
for example) close to a voltage applied to the accelerat-
ing electrode 20 (200 to 1000 V, for example) is applied
to the first focus electrode 30 facing the accelerating
electrode 20 supplied with a comparatively low voltage
(200 to 1000 V, for example) synchronised with deflection
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of the beam, resulting in effective dynamic focus varia-
tion.

It is preferable that a dynamic differential focus volt-
age Dv for the useful scanned area of the phosphor
screen of the color cathode ray tube and a voltage Av
applied to the accelerating electrode 20 measured with
respect to the control electrode 10 satisfy the following
inequality,

02=Dv/Av =4

where a dynamic differential focus voltage Dv is
a voltage difference between a dynamic focus voltage
when the beam is at the center of the phosphor screen
and a dynamic focus voltage when the beam is at the
extreme right or left edge and the top or the bottom of
the useful scanned area on the phosphor screen.

In the present invention, when an electron beam is
deflected, the spreading of the electron beam due to an
increase in the current can be suppressed by the
enhanced focus lens action by the accelerating electrode
20 and particularly the effect of the spherical aberration
due to the horizontal spreading in the main lens by the
quadrupole lens formed between the first focus plate
electrode 35 and the second focus electrode 40 can be
suppressed.

Although the effect of the quadrupole lens formed
between the first focus plate electrode 35 and the second
focus electrode 40 is reduced because the ratio of the
diameter of the electron beam to the diameter of the
quadrupole lens is reduced, the beam diameter in the
magnetic deflection field is also reduced, aberration
caused by the magnetic deflection field (quadrupole
lens) is reduced, and a correction of the imbalance
between the horizontal and vertical lens magnifications
can be maintained.

When the deflection amount of an electron beam
increases, the potentials of the first focus electrode 30,
thefirst focus plate electrode 35, and the third focus elec-
trode 50 become higher than the potential of the second
focus electrode, a vertically elongated divergent lens is
formed as shown in Fig. 16B by the vertically elongated
slits 36, 37, and 38 of the first focus plate electrode 35
and the electron beam is subjected to a diverging action
stronger in the horizontal direction than that in the verti-
cal direction (Fh>Fv) and horizontally elongated in its
cross section.

The aforementioned quadrupole lens electric field
for elongating an electron beam vertically is formed by
the parallel plates (vertical plates) 44, 45, 46, and 47 in
the second focus electrode 40 and the parallel plates
(horizontal plates) 54 and 55 attached to the third focus
electrode 50, and the potential difference between the
third focus electrode 50 and the anode 60 is reduced,
and the focusing action by the main lens is weakened.

Since the diameter of the quadrupole lens is large
compared to the bundle of horizontally elongated elec-
tron beams shaped by the quadrupole lens between the
first focus plate electrode 35 and the second focus elec-
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trode 40, the current density distribution becomes uni-
form. An imbalance of the lens magnifications for the
horizontally elongated electron beams is corrected
between the second focus electrode 40 and the third
focus electrode 50 and between the third focus electrode
50 and the anode 60.

According to the present invention, a satisfactory
resolution can be obtained over the entire phosphor
screen.

As mentioned above, according to the present
invention, an electron beam emitted from the cathode is
subject to the equal horizontal and vertical lens magnifi-
cations of the main lens between the third focus elec-
trode and the anode when the electron beam is not
deflected, so that the electron beam spot becomes
almost truly circular and small.

When the deflection amount of an electron beam is
increased, the electron beam is elongated horizontally
by the quadrupole lens exerting horizontally diverging
and vertically focusing actions formed between the first
focus electrode and the second focus electrode and then
an imbalance between the vertical and horizontal lens
magnifications is corrected by the quadrupole lens exert-
ing vertically diverging and horizontally focusing actions
formed between the second focus electrode and the third
focus electrode.

According to the present invention, a satisfactory
resolution can be produced over the entire phosphor
screen of from high to low brightness.

Claims

1. In a color cathode ray tube having an electron gun
comprising at least a cathode (K1, K2, K3), a control
electrode (10), an accelerating electrode (20), a
focus electrode (30-50) and an anode (60) spaced
axially inthe order named, an improvement compris-
ing:
said focus electrode comprising a first focus elec-
trode (30), a second focus electrode (40) and a third
focus electrode (50) spaced in the order named, said
first focus electrode (30) facing said accelerating
electrode (20),

a first quadrupole lens structure formed on at least
one of a portion of said first focus electrode (30) fac-
ing said second focus electrode (40) and a portion
of said second focus electrode (40) facing said first
focus electrode (30), and

a second quadrupole lens structure formed on at
least one of a portion of said second focus electrode
(40) facing said third focus electrode (50) and a por-
tion of said third focus electrode (50) facing said sec-
ond focus electrode (40).

2. A color cathode ray tube according to claim 1,
wherein said first focus electrode (30) is intercon-
nected with said third focus electrode (50) within
said color cathode ray tube.
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3.

In a color display system including a color cathode
ray tube having an electron gun comprising at least
a cathode (K1, K2, K3), a control electrode (10), an
accelerating electrode (20), a focus electrode (30-
50) and an anode (60) spaced axially in the order
named, an improvement comprising:

said focus electrode comprising a first focus elec-
trode (30), a second focus electrode (40) and a third
focus electrode (50) spaced in the order named, said
first focus electrode (30) facing said accelerating
electrode (20),

a first quadrupole lens structure formed on at least
one of a portion of said first focus electrode (30) fac-
ing said second focus electrode (40) and a portion
of said second focus electrode (40) facing said first
focus electrode (30), and

a second quadrupole lens structure formed on at
least one of a portion of said second focus electrode
(40) facing said third focus electrode (50) and a por-
tion of said third focus electrode (50) facing said sec-
ond focus electrode (40),

wherein adynamic focus voltage varying with deflec-
tion of an electron beam to a voltage higher than a
voltage applied to said second focus electrode (40)
is applied to said first and third focus electrodes (30,
50) so that said first quadrupole lens structure pro-
duces horizontally diverging and vertically focusing
actions on the electron beam and said second quad-
rupole lens structure produces horizontally focusing
and vertically diverging actions on the electron
beam.

A color display system according to claim 3, wherein
a dynamic differential focus voltage and a voltage Av
applied to said accelerating electrode (20) meas-
ured with respect to said control electrode (10) are
selected to satisfy the following inequality,

02=Dv/Av =4

said dynamic differential focus voltage being a volt-
age difference between a dynamic focus voltage
when the electron beam is at the center of a phos-
phor screen of said color cathode ray tube and a
dynamic focus voltage when the electron beam is
deflected to a corner of a useful scanned area of said
phosphor screen.

A color display system according to claim 3, wherein
a voltage applied to said control electrode (10) is
within a range of -150 to 0 V,

a voltage applied to said accelerating electrode (20)
is within a range of 200 to 1000 V,

avoltage applied to said second focus electrode (40)
is within a range of 4 to 10 kV,

a voltage applied to said anode is within a range (60)
of 23 to 30 kV, and

a voltage applied to said first and third electrodes
(30, 50) is within a range of a dynamic differential
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focus voltage plus said voltage applied to said sec-
ond focus electrode (40),

said range of a dynamic differential focus voltage
being within a range of 200 to 800 V, and

said dynamic differential focus voltage being a volt-
age difference between a dynamic focus voltage
when the electron beam is at the center of a phos-
phor screen of said color cathode ray tube and a
dynamic focus voltage when the electron beam is
deflected to a corner of a useful scanned acrea of
said phosphor screen.
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