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ABSTRACT OF THE DISCLOSURE

A color picture tube or other cathode ray tube em-
ploying a plurality of electron beams includes a single
electron gun having one or more cathodes emitting elec-
trons formed into the plurality of beams which are made
to converge or cross each other substantially at the optical
center of an electrostatic focusing lens by which the
beams are focused on the electron-receiving screen of
the tube, whereby to avoid spherical aberration and/or
coma. When the beams focused on the electron-receiving
screen are all to converge at a common point on such
screen, an electrostatic or magnetic deflection device acts
on those beams which diverge after passing through the
lens-like focusing system.

This invention generally relates to cathode ray tubes,
and more particularly is directed to improvements in
color cathode ray tubes of the type in which a single
electron gun is provided for emitting a plurality of elec-
tron beams to produce a color picture, for example, as
in color television receivers.

Existing color picture tubes are usually of the mmlti-
gun type and include three independent electron guns
emitting respective electron beams which are modulated
by corresponding color signals and acted upon by a grid
system so as to be focused on a collector or electron-re-
ceiving screen which may be simply a phosphor or
Iuminescent screen or a phosphor screen with a perforated
electrode or shadow mask in front thereof. The three elec-
tron guns have to be aligned with respect to each other
so that the emitted electron beams converge at the elec-
tron-receiving screen. Such color picture tubes of the
multi-gun type are disadvantageous in that it is difficult
to obtain and maintain the precise alignment of the three
clectron guns required for the convergence of their beams
on the electron-receiving screen and any misconvergence
of the beams causes deterioration of the quality and
resolution of the color picture that results. Further, when
using three independent electron guns to produce the
beams, the color picture tube is necessarily costly and, by
reason of the space required for the three guns, the pos-
sible miniaturization of the tube is correspondingly
limited.

In an attempt to avoid the above mentioned disadvan-
tages and limitations of the existing color picture tubes
of the multi-gun type, it has been proposed to provide
a color picture tube of the single-gun, plural-beam type
in which a single electron gun emits three beams from
either three respective cathodes or a single cathode, and
the three electron beams are passed through a lens-like
focusing system, so as to converge at the electron-re-
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plural-beam type heretofore proposed, no more than one
of the electron beams passes through the lens-like focus-
ing system at the optical axis of the latter, and the beams
that pass through the focusing system at a distance from
the optical axis are subject to coma and spherical aber-
ration. By reason of such coma and spherical aberration
and the consequent deterioration of the quality of the
color picture that results, color picture tubes of the single-
gun, plural-beam type have not enjoyed any wide-spread
use. :

Accordingly, it is an object of this invention to pro-
vide a cathode ray tube of the single-gun, plural-beam
type which is free of the above mentioned disadvantages
characteristic of tubes of that type as previously pro-
posed, and which is particularly suited to serve as a color
picture tube for producing color pictures of high resolu-
tion and brightness.

Another object of this invention is to provide a cathode
ray tube, particularly a color picture tube, which is of
the single-gun, plural-beam type and can be relatively
easily manufactured even when miniaturized to a con-
siderable degree.

Still another object of this invention is to provide a
color picture tube of the single-gun, plural-beam type
in which correction for convergence can easily be effected.

In accordance with an aspect of this invention, a cath-
ode ray tube adapted for use as the picture tube of a
color television receiver is provided with a single elec-
tron gun including a cathode structure emitting electrons
which are formed, as by a grid structure, into a plurality
of electron beams, and such beams are made to converge
substantially at the optical center of a lens-like, electro-
static focusing means which is common to all the beams
and focuses the beams on the electron-receiving screen,
whereby the introduction of optical errors such as spheri-
cal aberration and/or coma is avoided.

In cases where the electron beams are emitted parallel
to each other, the convergence of the beams at the opti-
cal center of the lens-like focusing means in accordance
with this invention is effected by auxiliary electrostatic
lens means located between the grid structure which
forms the electron beams and the focusing means.

Further, when it is desired that the beams focused
on the electron-receiving screen should be converged at
a cominon point on the screen, the beams which diverge
from the lens-like focusing means are acted upon by
either electrostatic or magnetic deflection means located
between the focusing means and the screen.

The above, and other objects, features and advantages
of this invention, will become apparent from the follow-
ing detailed description of illustrative embodiments which
is to be read in conjunction with the accompanying draw-
ings, in which:

FIG. 1 is a diagrammatic view illustrating the optical
equivalent or analogy of a three electron gun system, as
in a conventional color cathode ray tube; )

FIGS. 2 and 3 are similar diagrammatic views of the
optical equivalent or analogy of a single-gun, plural-
beam system, as previously proposed;

FIG. 4 is a diagrammatic view of the optical equiva-
lent or analogy of still another single-gun, plural-beam
system as previously proposed;

FIG. 5 is a similar diagrammatic view showing the
optical equivalent of an electron gun according to an
embodiment of this invention;
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FIG. 6 is a view similar to that of FIG. 5, but illustrat-
ing an electron gun according to a second embodiment of
this invention;

FIGS. 7 and 8 are diagrammatic views of the optical
equivalents of still other embodiments of this invention;

FIG. 9 is a schematic longitudinal sectional view of an
electron gun in accordance with the embodiment of this
invention represented by the optical analogy of FIG. 5;

FIG. 10 is an end view of the gun shown on FIG. 9;

FIG. 11 is an enlarged elevational view showing de-
tails of first and second grids of the electron gun accord-
ing the embodiment of this invention shown in FIG. 9;

FIG. 12 is a sectional view taken along the line II—II
on FIG. 11;

FIG. 13 is a schematic, axial sectional view of a chro-
matron type color cathode ray tube embodying the pres-
ent invention; and

FIGS. 14A and 14B are respectively a plan view and an
end view of magnetic deflection means which can be used
for converging the electron beams in a cathode ray tube
according to this invention.

In order that the electron gun for a cathode ray tube
according to the present invention may be better under-
stood, the principles and features of conventional elec-
tron guns employing the triple-gun system and the single-
gun, triple-beam system, respectively, will first be de-
scribed in detail with reference to FIGS. 1 to 4.

FIG. 1 shows the optical equivalent or analogy of a
conventional system employing three independent elec-
tron guns Ay, Ay and Aj. In such system, there are pro-
vided three independent beam generating sources Kj, Kz
and K; emitting three beams By, By and B, respectively,
which are focused onto an electron-receiving or phosphor
screen S through separate main lens systems Ly, Ly and L,
respectively. With such an arrangement, however, the
three independent electron guns Aj;, Ay and Az which
need to be accommodated in the neck portion of the tube
envelope obviously restrict the extent to which the di-
ameter of the neck portion can be reduced. Further, if the
effective diameter of each electron gun is limited so as to
permit the accommodation of the three guns in a neck
portion of reasonable diameter, the outer portions of each
beam mnecessarily pass through parts of the respective
main lens system L;, L, or L which are spaced substan-
tially from the optical axis thereof whereby spherical
aberrration results with the consequence that each beam
impinges on the screen S as a relatively large spot, as indi-
cated at the right-hand side of FIG. 1, and high resolu-
tion cannot be obtained. It will also be apparent that, in
using three independent electron guns, it is inherent that
difficulties will be encountered in obtaining and maintain-
ing the precise alignment of the guns necessary for con-
verging the beams B,, B; and B; at screen S.

FIG. 2 shows the optical equivalent of a conventional
single-gun, triple-beam system in which the single electron
gun A includes equivalent beam generating sources Ky, K
and K; spaced from each other by the distances d and
from which three beams By, By and B; are emitted in par-
allel to each other so as to pass through the common main
lens system L and be converged by the latter on the
screen S.

Whether the electron gun system of a color cathode ray
tube is of the triple-gun type (FIG. 1) or of the single-gun
triple-beam type (FIG. 2), it is necessary that the three
electron beams be converged at an angle of A¢ between
the center beam (Bj in the drawing) and each of the other
beams so that the three beams cross or intersect each other
at the position of a mask or grid provided in front of the
phosphor or luminescent screen and are thus made to land
or impinge on respective color dots or stripes which are
adapted to produce different color light rays.

In order to meet the foregoing requirements with re-
spect to the angle A¢ in the single-gun, triple-beam sys-
tem, it is essential that the three beams B;, By and Bj
be spaced apart from each other by the substantial dis-
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tance d when they pass through the main lens L. Thus,
beams B; and Bj pass through portions of lens L which
are spaced substantially from the axis of the lens L by the
distance d, so that the beam spots on the screen S are
deformed, as shown at the right-hand side of FIG. 2, due
to coma as well as to spherical aberration. In the case
shown on FIG. 2, the focusing of the beams is adjusted
to achieve perfect convergence at the screen S. This in-
evitably decreases the focusing effect imparted to each
beam. Thus, the beams are under-focused so that the re-
sulting beam spots are enlarged, as is apparent at the
right-hand side of FIG. 2. On the other hand, if the focus-
ing voltage is adjusted to sharply focus beam B on screen
S, this causes the beam spots By, By and B on the screen
S to be scattered, as shown on FIG. 3. Therefore, special
means have to be provided to converge or superimpose the
beam spots which are thus scattered. However even in that
case the beam spots B; and B are deformed due to coma,
as shown on the right-hand side of FIG, 3.

In an attempt to satisfy the contradictory conditions of
focusing the three beams on screen S and of converging
the three beams at the screen, it is conceivable that the
three beams B;, By and Bs could be emitted from a beam
generating source K in three different or angularly dis-
placed directions so as to be spaced apart from each other
a distance d at the position of the main lens L, as illus-
trated on FIG. 4. Although the above two conditions can
thus be simultaneously satisfied with only negligible spher-
ical aberration, nevertheless the side beam spots B; and
B; are blurred due to the coma, as shown at the right-
hand side of FIG. 4, since the side beams pass through the
main lens L at positions spaced from the axis of the lens
by the distance d.

It will be seen from the above that cathode ray tubes
employing the single-gun, triple-beam system as previ-
ously devised or proposed fail to satisfactorily meet the
three-beam spot focusing condition and the three-beam
spot converging condition and therefore have not been put
to practical use as yet.

In the following detailed description of illustrative em-
bodiments of single-gun, plural-beam systems according
to this invention, particular reference is made to the use
thereof in color picture tubes, but it is to be understood
that the described single-gun, plural-beam systems accord-
ing to this invention can be applied to any other cathode
ray tubes in which plural electron beams are required.

In the system according to this invention, as illustrated
by its optical equivalent or analogy on FIG. 5, a single
electron gun A includes equivalent beam generating
sources K;, Ky and K; which are located on a straight
line in a plane substantially perpendicular to the axis of
the electron gun and spaced apart from each other by a
distance d,. These beam generating sources K;, Ky and
K; emit three electron beams By, By and Bg, respectively,
which are refracted by means of a common auxiliary lens
L’ so as to be converged substantially at the optical center
of a main lens L. Thus, the three beams B;, By and B3
are made to cross each other at the optical center of the
main lens L and then emerge from the lens L in divergent
directions. Subsequently, the beams B; and B; which di-
verge from the optical axis and from the beam B, lying
on such axis, are deflected toward the center beam B,
by means of convergence deflectors F; and Fy provided
between the electron-receiving screen S and the main lens
1. and spaced from the latter by a distance /, so that the
three beam spots B;, By and B; on the screen are con-
verged or superimposed on each other.

With the arrangement of FIG. 5, therefore, very small
beam spots can be obtained since all three beams Bj,
B, and B; pass through the center of main lens L, and
thus the focused beam spots are prevented from being
blurred due to the coma and spherical aberration. Con-
sequently, a picture with a high resolution can be pro-
duced. Furthermore, utilization of the deflectors Fy and
F, advantageously facilitates the dynamic convergence
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correction with respect to the three beams. Although
FIG. 5 represents the deflectors as being of the electro-
static type, they may be of the magnetic type as herein-
after described in detail.

FIG. 6 shows the optical equivalent of a cathode ray
tube according to a second embodiment of this invention in
which a single electron gun A includes beam generating
sources K;, K, and Kj arranged on an arcuate surface
having its center at the optical center of a main lens L, and
being spaced from each other by the straight distance dy'.
In this embodiment, the auxiliary lens L’ of FIG. 5 is
omitted, as the arrangement of the sources K, K; and K3
on the described arcuate surface causes the three beams
B;, B; and B; to cross each other at the optical center
of the main lens L, as in the embodiment shown on FIG.
5. Deflectors F, and F, are provided along the paths of the
two beams B, and B; which cross each other within lens
L and then follow divering emergent paths, and such de-
flectors cause the beams B, and B, to converge and
intersect the beam B, at the screen S. Thus, good resolu-
tion of the picture can be obtained in the same manner as
described above in connection with FIG. 5.

Although the beam generating sources Ky, K, and K;in
FIGS. 5 and 6 are spaced apart from each other by a
distance d, or dy, along a straight line, it is possible to
arrange these beam generating sources at the vertices of
an equilateral triangle, in which case deflectors, as at F,
and Fj, may be provided for each of the three beams or
for only two of them. Preferably, the beam generating
sources are arranged along a straight line, as shown. The
reasons are that, with such preferred arrangement, the
effective distance over which the beams are spaced apart
from the optical axis can be minimized, the dynamic con-
vergence correction can be easily effected, and asymmet-
rical convergence of the three beam spots on the screen
can be prevented,

In the embodiments of this invention described above
with reference to FIGS. 5 and 6, the three beams B;, B,
and B; are made to converge at the screen S. However, it
is also possible to omit the deflectors F; and F; so that the
three beams By, B; and B; cross each other at the optical
center of the main lens L and thereafter continue
along divergent paths so as to strike the screen at three
different positions spaced from each other by a predeter-
mined distance, as shown on FIGS. 7 and 8 which corre-
spond to FIGS. 5 and 6, respectively, With the arrange-
ments of FIGS. 7 and 8 the three beam spots on the
phosphor screen are not affected by the spherical aber-
ration and coma of the main lens, so that such beam
spots need not be deformed as shown on FIGS. 2 to 4.
When the beam spots are spaced apart on screen S, time
differences corresponding to the three beam spot positions
are imparted to the video signals modulating the three
beams, thereby achieving correspondence between the
three pictures produced on the phosphor screen by the
three beams.

A particular example of the structure of an electron
gun A corresponding to the optical analogy of FIG. 5
will now be described with reference to FIGS. 9 and 10 in
which a cathode K constitutes the electron beam generat-
ing sources K;, K, and K;. A first control grid Gy which,
as shown on FIGS. 11 and 12, comprises three grid mem-
bers Gyy, Gyz and Gy, is supported in close, opposing rela-
tionship to the electron-emitting end surface of cathode
K. The three grid members Gy;, Gy and Gy3 have aper-
tures g£11, g12 and gys, respectively, arranged on a straight
line. A commmon grid G, having three apertures 891, &2
and go; formed therein is mounted in opposing, adjacent
relationship to the grid G, with the apertures gy, 230 and
823 thereof in alignment with the apertures gy, g1, and
813, Tespectively. The grid G, may be cup-shaped to in-
clude a disk 1 (FIGS. 11 and 12) having the apertures
821, &22 and gy therein at spaced locations on a diametrical
line II—II and a cylindrical side wall 2 extending from
the periphery of disk 1 in the axial direction away from
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grid Gy. Arranged in order following the grid G, in the
direction away from control grid G, are successive, open-
ended, tubular grids or electrodes Gy, G, and G; (FIG. 9).

Electrode Gj includes relatively small diameter end
portions 3 and 4 and a larger diameter intermediate por-
tion §, and is supported with its end portion 3 extending
into cup-shaped grid G, and spaced radially from side
wall 2 of the latter. Electrode G, includes end portions
6 and 7 of a diameter larger than that of end portions
3 and 4 of electrode G; and an intermediate pottion 8
of still larger diameter, and electrode G is mounted so
that end portion 4 extends into, and is spaced radially
inward from end portion 6. Electrode Gj includes end
portions 9 and 10 of a diameter smaller than that of end
portion 7 and an intermediate, telatively larger diameter
portion 11, and electrode G; is mounted so that its end
portion 9 extends into, and is spaced radially inward from
end portion 7 of electrode Gy. The several electrodes
Gs, Gy and G, grids Gy, G, and cathode K are all as-
sembled together in the above described relation by
means of suitable supports 12 of insulating material.
Further, a getter chamber GT is provided around the end
portion 10 of electrode Gg.

In operating the electron gun of FIG. 9, appropriate
voltages are applied to grids G, and G, and to electrodes
G, Gy and G;. For example, a voltage of ¢ to —400 v. is
applied to the grid G; (Gy, Gip and Gyy), 2 voltage of 0
to 500 v. is applied to the grid G,, a voltage of 13 to 20
kv. is applied to the electrodes G; and Gs, and a voltage
of 0 to 400 v. is applied to the electrode Gy, with the
voltage distributions with respect to the grids and elec-
trodes G, to Gj, and their lengths and diameters are sub-
stantially identical with those of a unipotential-single
beam type electron gun which includes a first single grid
member and a second grid provided with a single aper-
ture, With the applied voltage distribution described
above, an electron lens field is established between grid
G and the end 3 of electrode G; which corresponds to
the auxiliary lens L’ of FIG. 5, and an electron lens field
corresponding to the main lens L of FIG. § is formed at
the axial center of electrode G, by the electrodes Gs, Gy
and Gs. In one operation of the electron gun, bias voltages
of 100 v., 6 v., 300 v., 20 kv., 200 v., 20 kv., are applied
to the electrodes K, Gy, Gg, G3, Gy, and G; respectively.

In order to cause convergence of the beams B; and B3
which emerge from electrode G5 along divergent paths, the
electron gun of FIG. 8 further has deflecting means F
that includes shielding plates P and P’ provided in spaced
opposing relationship to each other and extending axially
from the free end of electrode Gs. Deflecting means F
further includes converging deflector plates Q and Q’,
which are outwardly convexly bent or curved, for ex-
ample, and are mounted in spaced opposing relation to
the outer surfaces of shielding plates P and P’, respec-
tively. The plates P and P’ and the plates Q and Q' are
disposed so that the beams B;, B, and B3 pass between
the plates P and Q, between the plates P and P’ and be-
tween the plates P’ and Q’, respectively. A voltage equal
to that imparted to the electrode G; is applied to the
plates P and P’, and a voltage lower than that applied to
the plates P and P’ by 200 to 300 v. is applied to the plates
Q and Q’, Thus, deflecting voltage differences are applied
between the plates P and Q and between the plates P’ and
Q’ which respectively constitute the deflectors F; and F,
of FIG. 5 and are adapted to improve the deflecting ac-
tion to the beam B; and B, respectively, as described
above in connection with FIG. 5.

{Thus, the three beams B;, B, and B; emanating from
the cathode K are made to pass through the apertures gy1,
812 and g3 of grid members Gy;, Gy and Gy; and are
modulated with three different signals applied between
the cathode K and the grid members Gy, Gy and Gyg.
The beams B;, B; and B; pass through the comon auxil-
iary lens L’ which is formed mainly by the Grid 2 and
electrode G; and cross each other at the center of the
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main lens L which is constituted mainly by the electrodes
Gj, G, and G;. Then the beams By, By and Bj; pass be-
tween the plates Q and P, between the plates P and P and
between the plates P’ and Q’ respectively, after having
left the electrode Gs. Since plates P and P’ are at the
same potential, beam By is not deflected, but the beams B,
and B; which emerge from lens L along divergent paths
are deflected, so that the three beams By, By and B; are
made to converge at a point on the electron-receiving
station.

In the embodiment described above with reference to
FIGS. 9 and 10, it is necessary that signals be separately
applied to the three grid members Gy, Giz and Gyz con-
stituting the first grid G since the three beam sources Ki,
K, and K, are provided on the single cathode K. To meet
such requirement, the three rectangular plate-like grid
members Gy, Gz and Gy which are respectively formed
with the apertures gii, g1z and giz have connector tabs
13 extending therefrom to receive the signals for modulat-
ing the electron beams independently of each other,

In order that the positional relationship of the apertures
g11, 812 and g13 of grld members Gn, G12 and G13 will be
precisely predetermined, and that the apertures gn, gi2
and gi3 will be concentrically aligned with apertures gai,
gas and gy of the second grid G; with a predetermined
distance D being maintained between the second grid G,
and the first grid members Gy;, Giz and Gy, two ceramic
insulator pieces 14, each having a thickness D, are inter-
posed between grids G, and Gy. Each of these insulator
pieces 14 has a conductive layer 15 covering an entire
surface thereof, as by metallizing that surface. Also, three
conductive layers M;, My and Mj extend across the width
of the opposite surface of each insulator piece in uniform-
ly longitudinally spaced relationship to each other, The
insulator pieces 14 are disposed on the disk of the sec-
ond grid G, in symmetrical, spaced relationship to the
line II—II on which apertures gs1, gop and gez are ar-
ranged, and pieces 14 are integrally attached to the sec-
ond grid G, at their conductor layers 15, as by brazing.
The grid members Gy, Gz and Gy bridge the space be-
tween insulator pieces 14 and are secured, as by brazing
to the conductive layers My, My and M; provided on the
insulator pieces.

FIG. 13 shows, by way of example, a single electron
gun A’ according to the present invention applied to a
chromatron type color picture tube. The electron gun A’
comprises three electrically separated cathodes Kg, Ka
and Ky to which “red,” “green” and “blue” video signals
are respectively supplied. The three cathodes are arranged
with their electron emitting surfaces in a straight line so
as to be aligned with similarly arranged apertures gig,
g1 and gip in a plate-like grid G;. A second cup-shaped
grid G, has an end plate disposed adjacent grid G; and
formed with three apertures gig, g2 and ges which are
respectively aligned with apertures gig, g1 and gip. As
in the previously described embodiment, electron gun A’
has electrodes Gj, G4 and Gj arranged successively to de-
fine the auxiliary lens L’ and the main lens L.

Voltages based on the cathode voltages which are equal
to those described above with reference to FIG. 9 are
applied to the grids G, and G, and the electrodes Gj, Gy
and Gj of the gun A’. Thus, beams Bg, Bg and Bg
emanating from the cathodes Kg, Kg and Kg are made to
pass through apertures gig, g1 and gig of the first grid G;
and apertures gop, 20 and gop of the second grid G, and
then through the auxiliary lens L’ by which the beams
are made to cross each other at the optical center of the
main lens L. The beams Bg and By emerge from main
lens L along divergent paths. As in the previously de-
scribed embodiment, convergence deflector means F com-
prising deflectors F; and Fp formed by shielding plates
P and P’ and deflecting plates Q and Q' are along the
paths of the three beams Bg, Bg and Bg from the main
lens L. The three beams By, Bg and By, after being acted
upon by the convergence deflector means F, impinge on
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a color screen S, comprised of sets of “red,” “green” and
“blue” phosphor stripes S, Sg and S successively ar-
ranged on a face plate FP, after passing through a per-
forated electrode or shadow mask Gp provided in front
of color screen S and having a medium high voltage Vi
applied thereto. Voltages Ve and Vg applied across the
electrode plates P and Q and across the plates P’ and Q’
of convergence deflector means F are selected so that the
three beams Bg, Be and By are made to cross each other
at the position of the mask Gp and thus made to land
only on the corresponding phosphor stripes Sg, Sg and
Sg. In this case, of course, the beams Bg, Bg and Bp,
while converging at the mask Gp, are focused on the
screen S.

The usual horizontal and vertical deflection means, as
indicated by the yoke D, are provided for horizontally
and vertically scanning the three beams simultaneously
with respect to the screen S as in the conventional picture
tube.

Thus, by supplying “red,” “green” and “blue” color
video signals between the cathodes Kg, Kg and Kg and
the grid Gy, respectively, the three beams Bg, Bg and Bg
are intensity-modulated, whereby a color picture is pro- .
duced on the color screen.

Although the convergence deflection means F described
above in connection with the electron gun of each of
FIGS. 9 and 13 is of the electrostatic type, it is to be
understood that each such deflection means F of the elec-
trostatic type may be replaced by one of a magnetic type,
for example, as illustrated on FIGS. 14A and B. Such de-
flection means F’ of the magnetic type is shown to com-
prise a magnetic shield member 16 which may be in the
form of a tube of rectangular cross-section arranged axial-
ly after the electrode Gs (which is not shown on FIG.
14A) so as to permit the passage thercthrough of the
center beam By (FIG. 9) or Bg (FIG. 13). Extending
from one side 16a of shield member 16 are two magnetic
plates 17 and 17b which are in opposing, spaced relation
to each other so as to permit the passage therebetween of
the beam B; or By, and a similar pair of magnetic plates
182 and 18b extend from the other side 16b of shield
member 16 to permit the passage therebetween of the
third beam B; or Bg. The edge portions of the plates 174
and 17b and of the plates 18a and 18b which are adjacent
the shield member 16 are preferably bent so as to con-
verge toward each other in the direction toward member
16, as particularly shown on FIG. 14B. Further, the outer
edge portions 19a and 195 of the plates 17a and 17b are
preferably bent outwardly away from each other to extend
along the inner wall surface of the neck portion of the
tube envelope indicated at N on FIG. 14B. The outer
edge portions of plates 18¢ and 185 are similarly bent
away from each other, as at 20a and 205. Such bent outer
edge portions 194, 195, 20a and 205 form magnetic poles.
Provided at the outside of the tube neck N are electro-
magnets 21 and 22 respectively including windings 23
and 24 on cores 25 and 26. The core 25 has magnetic
pole portions 25¢ and 25b disposed in opposing relation
to poles 194 and 195, respectively, and the core 26 simi-
larly has pole portions 26a and 26b in opposing relation
to poles 20a and 20b, respectively.

With the above described arrangement, the three beams
B;, By and B; which have been made to cross each other
at the optical center of the main lens L and then emerge
from the electrode Gy respectively pass between the op-
posing magnetic plates 17¢ and 17b, through the shield
member 16 and between the opposing magnetic plates
18q and 18b. The beam B; is not deflected since it is
shielded from the external magnetic field by the mem-
ber 16, while the side beams B; and B; are deflected by
reason of the magnetic flux distributions between the mag-
netic plates 174 and 17b and between the plates 182 and
180 which result from static convergence current flow
through the electromagnets 21 and 22, whereby the three
beams B;, By and B; are made to converge as desired,
either at a point on the phosphor screen or on the shadow
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mask in front of the latter. Of course, it is possible to
superimpose dynamic convergence currents on the static
convergent currents flowing through the electromagnets
21 and 22 so that, in that case, separate dynamic con-
vergence is not required.

Due to the fact that the inner edge portions of magnetic
plates 17a, 17 and 184, 1856 adjacent the sides 164 and
165 of shield member 16 are convergent or inwardly bent,
as shown in FIG, 14B, the beams are made to come very
close to each other, that is, they are made to come very
close to the magnetic shield member 16 so that it is pos-
sible to effectively prevent disturbance of the magnetic
field at the positions of the beams B, and B; by the mag-
netic flux passing from the magnetic plates 17a, 175, 18a,
18b to the magnetic shield member 16, Thus, it is pos-
sible to effectively prevent distortion of the beam spots
on the phosphor screen. If the distance between the op-
posing magnetic plates is a, the length of the bent por-
tion of each magnetic plate is ¢, the distance between
the free edges of the converging bent inner portions is b,
and the relatively small dimension of the rectangular cross-
section of the magnetic shield member is d, the best re-
sults have been attained when b/a=0.625, d/2a=c/a=
0.325 and the angle between the inner edge bent portions
is in the range of 30° to 60°, If the inner edge portions of
the magnetic plates adjacent the sides of the magnetic
shield member 16 are not bent, the magnetic field is non-
uniformly distributed by reason of the fact that the mag-
netic flux at the positions of the beams B; and B; is
curved under the influence of the magnetic flux passing
from the magnetic plates 17¢, 17b and 184, 18b toward
the magnetic shield member 16. The distorting effect of
such non-uniform magnetic field becomes great especially
when the distance between the adjacent beams is reduced
so that the beams are made to come close to the side sur-
faces of the magnetic shield member 16. Such distorting
effect can be effectively avoided by bending the magnetic
plates as described above.

It will be readily apparent that, if desired, the con-
vergence electromagnets 21 and 22 can be replaced by
permanent magnets,

In the foregoing, electron guns embodying this inven-
tion have been described as being applied specifically to
color picture tubes in which a single gun is employed to
produce three electron beams which are intensity modu-
lated with the usual “red,” “green” and “blue” color sig-
nals. However, it is obvious that an electron gun in ac-
cordance with this invention can be used in any other
cathode ray tube requiring a plurality of beams which
are to be focused at a common spot or at separated spots
on an electron-receiving screen.

Although illustrative embodiments of electron guns
according to this invention have been described in detail
herein with reference to the accompanying drawings, it
is to be understood that the invention is not limited to
those precise embodiments, and that various changes and
modifications may be made therein by one skilled in the
art without departing from the scope or spirit of the in-
vention as defined in the appended claims.

What is claimed is:

1. In a cathode ray tube having an electron-receiving
screen, a single electron gun comprising beam produc-
ing means directing a plurality of electron beams toward
said screen, means to cause said beams to intersect each
other at a point in said tube intermediate said beam pro-
ducing means and said screen, and focusing lens means
common to all of said beams and being arranged in the
paths of the beams to focus the latter on said screen, said
lens means having an optical center and being located to
dispose said optical center substantially at said point at
which the beams intersect, thereby to avoid the effects of
coma and spherical aberration.

2. Apparatus for the reproduction of images in color,
comprising an electron receiving screen, an electron gun,
said electron gun having means for generating a plurality

(=43

15

20

25

30

35

40

45

50

<
[

60

65

70

75

‘10

of electron beams directed toward said screen, means for
modulating said electron beams with color video signals,
means to cause said electron beams to intersect at a loca-
tion between said electron beam generating means and
said receiving screen, focusing lens means positioned to
focus said beams on said screen, and said focusing lens
means having an optical center and being positioned to
dispose the optical center thereof substantially at said
location at which the electron beams intersect.

3. An electron gun for use in 2 cathode ray tobe having
a receiving screen, said gun comprising beam generating
means for producing a plurality of electron beams, means
to cause said beams to intersect, focusing lens means posi-
tioned to focus said beams on said screen, said focusing
lens means having an optical center, and said focusing
lens means being positioned to dispose the optical center
thereof substantially at the location at which said beams
intersect whereby the effects of certain optical aberra-
tions are diminished.

4. An electron gun for use in a cathode ray tube, said
gun comprising beam generating means for producing a
plurality of electron beams, means to cause said beams
to intersect substantially at a common location, focusing
lens means operative to focus said beams in a plane spaced
from said location at which said beams intersect, said
focusing lens means having an optical center, and said
focusing lens means being positioned to dispose the
optical center thereof substantially at the location at
which said beams intersect whereby the effects of cer-
tain optical aberrations are diminished.

5. A cathode ray tube comprising beam producing
means for producing a plurality of electron beams, a re-
ceiving screen positioned to have said beams impinge
thereon, means to cause said beams to intersect at a loca-
tion in said tube between said beam producing means
and said screen, focusing lens means positioned to focus
said beams on said screen, said focusing lens means hay-
ing an optical center, and said focusing lens means being
positioned to dispose the optical center thereof substanti-
ally at the location at which said beams intersect whereby
the effects of certain optical aberrations are diminished.

6. A cathode ray tube according to claim 5, in which
said lens means includes a plurality of electrodes at dif-
ferent electrical potentials to establish an electron lens
field for said focusing of the beams passing therethrough.

7. A cathode ray tube according to claim 5, in which
said beam producing means includes individual beam
sources, and said means to cause said beams to intersect
each other at said location supports said individual beam
sources with the beams issuing therefrom converging to
said location.

8. A cathode ray tube according to claim 5, in which
said beams issue substantially parallel to each other from
said beam producing means, and said means to cause
the beams to intersect at said location of the optical
center includes auxiliary lens means disposed between said
beam producing means and said focusing lens means and
causing convergence of the beams to said location.

9. A cathode ray tube according to claim 8, in which
said auxiliary lens means includes electrodes at different
electrical potentials to establish an electron lens field
through which the beams pass for said convergence at
said location.

10. A cathode ray tube according to claim 5, in which
deflection means are located between said focusing lens
means and said screen to deflect those beams which
emerge from said focusing lens means along divergent
paths whereby to cause convergence of said beams at a
common area on said screen.

11. A cathode ray tube according to claim 10, in
which said screen includes a phosphor screen member
and a perforated shadow mask in front of said phosphor
screen member, and in which said lens means focuses all
of said beams at said phosphor screen member and said
deflection means converges all of said beams to 2 common
location at said shadow mask.
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12. A cathode ray tube according to claim 10, in which
said deflection means includes spaced plates at different
electrical potentials disposed at opposite sides of each
of said divergent paths to electrostatically deflect the
beam in the respective path.

13. A cathode ray tube according to claim 10, in which
said deflection means includes means establishing a mag-
netic field across each of said divergent paths to mag-
netically deflect the beam in the respective path.

14. A cathode ray tube according to claim 10, in which
said beam producing means defines sources for three of
said beams, with one of said sources being at the optical
axis of said focusing lens means and the other two sources
being equally spaced from said one source at opposite
sides of the latter on a straight line extending diametrical-
1y across said optical axis so that only the beams from
said other two sources follow divergent paths upon emerg-
ing from said focusing lens means.

15. A cathode ray tube according to claim 14, in which

said deflection means includes a pair of first plates at 2

equal electrical potential disposed at opposite sides of
said optical axis for the passage therebetween of the beam
from said one source upon emergence thereof from said
focusing lens means, and second plates spaced outwardly
from said first plates for the passage between said first
and second plates of said beams from said other two
sources, said second plates being at an electrical potential
different from that of the first plates to electrostatically
deflect the respective beams from said other two sources
in the direction toward said optical axis.

16. A cathode ray tube according to claim 14, in which
said deflection means includes a tubular magnetic shield
arranged along said optical axis for the passage there-
through of the beam from said one source upon emergence

from said lens means, pairs of spaced magnetic plates ex- ¢

tending outwardly from opposed sides of said shield for
the passage between said pairs of plates of the beams from
said other two sources, and magnet means operatively
associated with said pairs of plates to establish, between
the plates of each pair, a magnetic field for deflecting the
beam passing therethrough toward said optical axis.

17. A cathode ray tube according to claim 16, in which
the plates of each of said pairs have inner edge portions
which converge toward each other in the direction toward
the adjacent side of said shield for minimizing distortion
of the respective beams by non-uniformity of the magnetic
field between said plates.

18. A cathode ray tube according to claim 5, in which
said beam producing means includes cathode means emit-
ting electrons, and first and second grid means arranged
successively in adjacent, opposing relation to said cathode
means and to each other, respectively, and having aligned
apertures for each of said beams to form the latter parallel
to each other.

19. A cathode ray tube according to claim 18, in which
said second grid means is in the form of a single plate
having all of the respective apertures therein, said focus-
ing lens means includes a plurality of tubular electrodes
arranged successively in order after said second grid
means and being at different electrical potentials to es-
tablish an electron lens field for the focusing of all of
the beams passing therethrough, and said means to cause
the beams to intersect at said location includes an an-
nular side wall extending from the periphery of said
plate of the second grid means and being at an electrical
potential different from that of the next adjacent electrode
of said focusing lens means to establish an auxiliary elec-
tron lens field for converging the beams formed in parallel
relation to each other.

20. A cathode ray tube according to claim 18, in which
said cathode means includes a single cathode member
having an electron emitting surface, said first grid means
includes a plurality of grid members each corresponding
to one of said beams and having a respective aperture
therein, said grid members of the first grid means being
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disposed in confronting, adjacent relation to said elec-
tron emitting surface, said second grid means includes a
single plate in confronting, adjacent relation to said mem-
bers of the first grid means, and insulating and spacing
members are interposed between, and bonded to said grid
members of the first grid means and said plate for main-
taining predetermined relative spacing and alignment of
said apertures in the first and second grid means.

21. An electron gun for use in a cathode ray tube, said
gun comprising beam generating means for producing a
plurality of electron beams, means to cause said beams to
intersect, focusing lens means positioned to focus said
beams, said focusing lens means having an optical center,
and said focusing lens means being positioned to dispose
the optical center thereof substantially at the location
at which said beams intersect whereby the effects of cer-
tain optical aberrations are diminished.

22. An electron gun in accordance with claim 21 in
which said beam generating means includes one cathode
for emitting electrons and at least two grid members posi-
tioned in opposing relationship to the electron emitting
surface of said cathode.

23. An electron gun in accordance with claim 21 in
which said individual beams generated by said beam gen-
erating means have a cross-sectional area less than the
cross-sectional area at the optical center of said focusing
lens where said beams intersect.

24. An electron gun according to claim 21, having de-
flection means for deflecting those beams which emerge
from said focusing lens means along paths diverging from
the optical axis of said focusing lens means o cause con-
wvergence for all of said beams in a common location.

25. An electron gun in accordance with claim 24 in
which said beam producing means includes cathode means
emitting electrons, and first and second tubular grid means
arranged successively in adjacent, opposing relation to
said cathode means and to each other respectively and
having aligned apertures for each of said beams to form
the latter parallel to each other.

26. An electron gun in accordance with claim 21 in
which said lens means includes a plurality of electrodes
at different electrical potentials to establish an electron
lens field therebetween for said focusing of the beams
passing therethrough.

27. An electron gun in accordance with claim 26 in
which said lens means further includes at least two tubular
electrodes arranged in successive order with said elec-
tron lens field being established therebetween.

28. An electron gun in accordance with claim 27 in
which said beams issue substantially parallel to each
other from said beam producing means, and said means
to cause the beams to intersect includes auxiliary lens
means disposed between said beam producing means and
said focusing lens means.

29. An electron gun in accordance with claim 28 in
which said auxiliary lens means includes at least two tubu-
lar electrodes at different electrical potentials to establish
an electron lens field through which the beams pass for
convergence.

30. An electron gun in accordance with claim 21 in
which said means to cause the beams to intersect includes
beam generating means arranged on an arcuate surface
whereby said beams issue from said beam generating
means in a manner to intersect substantively at the optical
center of said focusing lens.

31. An electron gun in accordance with claim 30 in
which the center of said arcuate surface is on the same
axis as the optical center of said focusing lens.

32. An electron gun in accordance with claim 21 in
which said beam generating means includes at least two
cathodes for emitting electrons and one grid member
positioned in opposing relationship to the electron emit-
ting surfaces of said cathodes.



3,448,316
13 14

33. An electron gun in accordance with claim 32 in 2,887,598  5/1959 Benway o ____ 313—70
which said cathodes are arranged in a straight line and 3,011,090 11/1961 Moodey —_________ 313—70 X
aligned with apertures provided in said grid member, 3,325,675 6/1967 Sanford __.__________ 315—13

: 3,363,128  1/1968 De France et al. _____ 31377
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