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1. 

3,514,663 
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Continuation-in-part of application Ser. No. 697,44, 
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No. 829,292 

Claims priority, application Japan, Jan. 14, 1967, 
42/2,629; Mar. 22, 1967, 42/17,856 

Int. C. H01j29/50 
U.S. C. 315-13 4 Claims 

ABSTRACT OF THE DISCLOSURE 
In a cathode ray tube of the type in which a single 

electron gun emits a plurality of electron beams to pro 
duce a color picture, for example, as in color television 
receiver, the beams are made to cross each other or in 
tersect substantially at the optical center of electrostatic 
focusing lens common to all of the beams and by which 
the latter are focused on the color phosphor screen of the 
tube while avoiding the introduction of coma and/or 
spherical aberration by reason of such focusing of the 
beams, and the video signals modulating the plural beams 
have time differences imparted thereto to compensate for 
the spacing of the beam landing spots on the screen aris 
ing from the divergence of the beams from the focusing 
lens, whereby to achieve correspondence between the pic 
tures produced on the screen by the respective beams. 

This application is a continuation-in-part of the co 
pending application Ser. No. 697,414, filed Jan. 12, 1968, 
and issuing June 3, 1969, as U.S. Patent No. 3,448,316. 

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 elec 
tron gun is provided for emitting a plurality of electron 
beams to produce a color picture, for example, as in 
color television receivers. 

Existing color picture tubes are usually of the multi 
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 
receiving screen which may be simply a phosphor or 
luminescent screen or a phosphor screen with a perforated 
electrode or shadow mask in front thereof. The three 
electron guns have to be aligned with respect to each 
other so that the emitted electron beams converge at the 
electron-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 
electron 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 reso 
lution 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 limit 
ed. 

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 focus 
ing system, so as to converge at the electron-receiving 
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Screen. However, in the tubes of the single-gun, plural 
beam type heretofore proposed, no more than one of the 
electron beams passes through the lens-like focusing sys 
tem 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 aberration. 
By reason of such coma and spherical aberration and the 
consequent deterioration of the quality of the color pic 
ture that results, color picture tubes of the single-gun, 
plural-type have not enjoyed any widespread use. 

Accordingly, it is an object of this invention to provide 
a cathode ray tube of the single-gun, plural-beam type 
which is free of the above mentioned disadvantages char 
acteristic of tubes of that type as previously proposed, 
and which is particularly suited to serve as a color picture 
tube for producing color pictures of high resolution 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. 
A further object is to provide a single-gun, plural 

beam type color picture tube, as aforesaid and in which 
the neck portion of the tube may be made relatively short. 

Still another object is to provide a single-gun, plural 
beam color picture tube in which high utilization is made 
of the electron beams, that is, there is minimized loss of 
the beam energy. 
A still further object is to provide a single-gun, plural 

beam color picture tube, as aforesaid, which makes it pos 
sible to minimize the power required to deflect the beams 
for scanning of the color phosphor screen. 

In accordance with an aspect of this invention, a 
cathode ray tube adapted for use as the picture tube of a 
color television receiver has a single electron gun includ 
ing means by which a plurality of electron beams are 
made to converge or intersect substantially at the optical 
center of a lens-like, electrostatic focusing means which 
is common to all the beams and focuses the beams on the 
color phosphor screen, whereby the introduction, by the 
focusing means, of spherical aberration and/or coma is 
substantially avoided, the beams emerging from the focus 
ing means along divergent paths are allowed to continue 
along such paths to land at spaced locations or spots on 
the screen, and the video signals modulating the respec 
tive electron beams have suitable time differences or rela 
tive delays imparted thereto to compensate for the spac 
ing of the beam landing spots and thus to achieve corre 
spondence between the pictures produced on the screen 
by the respective beams. 

Since no convergence deflection means need be pro 
vided to act on the beams emerging from the focusing 
means along divergent paths and cause convergence of 
all beams at a common spot on the screen, the length of 
the single electron gun can be relatively reduced to per 
mit its accommodation in a tube with a desirably short 
neck portion. Further, by reason of this feature, the 
deflection yoke by which the beams are made to scan the 
screen may be positioned in the vicinity of the axial 
location where the beams are made to intersect, that is, 
substantially at the optical center of the lens-like focusing 
means, whereby the horizontal and vertical deflection 
fields produced by such yoke may be of relatively small 
size, measured normal to the tube axis, for minimizing 
the power required to generate the deflection fields. 
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 
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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 equivalent 
or analogy of still another single-gun, plural-beam Sys 
tem 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; 

FIG. 6 is a view similar to that of FIG. 5, but illus 
trating an electron gun according to a second embodiment 
of this invention; 

FIG. 7 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; 
and 

FIG. 8 is a diagrammatic view illustrating a color pic 
ture tube having an electron gun of the type shown in 
FIG. 7 and the circuitry associated therewith 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 electron 
guns employing the triple-gun system and the single-gun, 
triple-beam system, respectively, will first be described 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 A1, A2 and A3. In such system, there are pro 
vided three independent beam generating sources K1, K2 
and K3 emitting three beams B1, B2 and B3, respectively, 
which are focused onto an electron-receiving or phosphor 
screen S through separate main lens System L1, L2 and L3, 
respectively. With such an arrangement, however, the 
three independent electron guns A1, A2 and A3 which 
need to be accommodated in the neck portion of the 
tube envelope obviously restrict the extent to which the 
diameter 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 necessarily pass through parts of the re 
spective main lens system L1, L2 or L3 which are spaced 
substantially from the optical axis thereof whereby spher 
ical aberration results with the consequence that each 
beam impinges on the screen S as a relatively large spot, 
as indicated at the right-hand side of FIG. 1, and high 
resolution cannot be obtained. It will also be apparent 
that, in using three independent electron guns, it is in 
herent that difficulties will be encountered in obtaining 
and maintaining the precise alignment of the guns neces 
sary for converging the beams B1, B2 and B at screen S. 

FIG. 2 shows the optical equivalent of a conventional 
single-gun, triple-beam system in which the single elec 
tron gun A includes equivalent beam generating sources 
K1, K2 and K3 spaced from each other by the distances d 
and from which three beams B1, B2 and B are emitted in 
parallel 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 with an angle of A0 be 
included between the center beam (B2 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 Ad in the single-gun, triple-beam sys 
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4 
tem, it is essential that the three beams B1, B2 and B3 be 
spaced apart from each other by the substantial distance d 
when they pass through the main lens L. Thus, beams B1 
and B 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 inevitably de 
creases the focusing effect imparted to each beam. Thus, 
the beams are under-focused so that the resulting beam 
spots are enlarged, as is apparent at the right-hand side of 
FIG. 2. On the other hand, if the focusing voltage is ad 
justed to sharply focus beam B2 on Screen S, this causes 
the beam spots B1, B 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 B1 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 converg 
ing the three beams at the screen, it is conceivable that 
the three beams B1, B2 and B could be emitted from 
a beam generating source K in three different or angularly 
displaced directions so as to be spaced apart from each 
other a distance d at the position of the main lens L, 
as illustrated on FIG. 4. Although the above two condi 
tions can thus be simultaneously satisfied with only negli 
gible spherical aberration, nevertheless the side beam 
spots B1 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 pre 
viously 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 illustartive 
embodiments of single-gun, plural-beam systems accord 
ing to this invention, particular reference is made to the 
use thereof in color picture tubes, but it is to be under 
stood that the described single-gun, plural-beam systems 
according 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 K1, K2 and K3 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 dis 
tance do. These beam generating sources K1, K2 and K3 
emit three electron beams B1, B2 and Bs, 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 B1, B2 and 
B3 are made to intersect or cross each other substantially 
at the optical center of the main lens L and then emerge 
from the lens L in divergent directions. 
With the arrangement of FIG. 5, very small beam spots 

can be obtained since all three beams B1, B and B 
pass through the center of main lens L, and thus the foc 
used beam spots are prevented from being blurred due 
to the coma and spherical aberration. Consequently, a 
picture with a high resolution can be produced. 

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 generat 
ing Sources K1, K2 and K3 arranged on an arcuate sur 
face having its center substantially at the optical center 
of a main lens L, and being spaced from each other by 
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the straight distance do". In this embodiment, the auxiliary 
lens L' of FIG. 5 is omitted, as the arrangement of the 
Sources K1, K2 and K3 on the described arcuate surface 
causes the three beams B1, B2 and B3 to intersect or 
cross each other substantially at the optical center of the 
main lens L, as in the embodiment shown on FIG. 3. 
Although the beam generating sources K1, K2 and K3 

in FIGS. 5 and 6 are spaced apart from each other by a 
distance do or do along a straight line, it is possible to 
arrange these beam generating sources at the vertices 
of an equilateral triangle. 

It will be apparent that in the embodiments of this 
invention described above with reference to FIGS. 5 and 
6, the three beams B1, B2 and B3, after intersecting or 
crossing each other at the optical center of the main lens 
L continue along divergent paths so as to strike the screen 
at three different positions spaced from each other by a 
predetermined distance. When the beam spots are spaced 
apart on screen S, as shown, means are provided accord 
ing to this invention, as hereinafter described, to input 
time difference corresponding to the three beam spot 
positions to the video signals modulating the three beams, 
thereby achieving correspondence between the three pic 
tures 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 FIG. 7 in which 
a cathode K constitutes the electron beam generating 
sources K1, K2 and K3. A first control grid G1 which 
comprises three grid members G11, G12 and G13 Supported 
in close, opposing relationship to the electron-emitting 
end surface of cathode K. The three grid members G11, 
G1 and G13 which are suitably insulated from each 
other have apertures g11, g12 and g13, respectively, ar 
ranged on a straight line. A common grid G2 is mounted : 
in opposing, adjacent relationship to the grid G1 and has 
three apertures in alignment with the apertures g11, g12 
and gia, respectively. The grid G2 may be cup-shaped to 
include a disk 1 having the apertures therein at spaced 
locations on a diametrical line and a cylindrical side Wall 
2 extending from the periphery of disk 1 in the axial di 
rection away from grid G. Arranged in order following 
the grid G in the direction away from control grid G1 
are successive, open-ended, tubular grids or electrodes 
Ga, G4 and G5. 

Electrode G includes relatively small diameter end 
portions 3 and 4 and a larger diameter intermediate por 
tion 5, 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 G4 includes end portions 
6 and 7 of a diameter larger than that of end portions 3 
and 4 of electrodes G3 and an intermediate portion 8 of 
still larger diameter, and electrode G4 is mounted so 
that end portion 4 extends into, and is spaced radially in 
ward from end portion 6. Electrode G5 includes an end 
portion 9 of a diameter smaller than that of end portion 
7 and a relatively larger diameter portion 10, and elec 
trode Gs is moutned so that its end portion 9 extends 
into, and is spaced radially inward from end portion 7 of 
electrode G. The several electrodes Ga, G4 and Gs, grids 
G, G and cathode K are all assembled together in the 
above described relation by means of suitable supports 
12 of insulating material. 

In operating the electron gun of FIG. 7, appropriate 
voltages are applied to grids G1 and G2 and to electrodes 
G, G and Gs. For example, a voltage of 0 to -400 v. 
is applied to the grid G1 (G11, G12 and G18), a voltage 
of 0 to 500 v. is applied to the grid G2, a voltage of 
13 to 20 kv. is applied to the electrodes G3 and G5, and 
a voltage of 0 to 400 v. is applied to the electrode G4, 
with the voltage of cathode K as the reference. Therefore, 
the voltage distributions with respect to the grids and 
electrodes G to Gs, and their lengths and diameters are 
substantially identical with those of a unipotential-single 
beam type electron gun which includes a first single grid 
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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 Ga which corresponds to the auxil 
iary lens L' of FIG. 5, and an electron lens field corre 
sponding to the main lens L of FIG. 5 is formed at the 
axial center of electrode G by the electrodes G, G, 
and G5. 

Thus, the three beams B1, B2 and B3 emanating from 
the cathode K are made to pass through the apertures 
811, 312 and 313 of grid members G11, G12 and G13 and 
are modulated with three different signals applied be 
tween the cathode K and the grid members G11, G1 and 
G13. The beams B1, B2 and B3 pass through the common 
axiliary lens L' which is formed mainly by the grid G. 
and electrode G3 and across each other at the center 
of the main lens L which is constituted mainly by the 
electrodes G1, Ga and G3. Then, the beams B1, B2 and B 
diverge, as particularly shown on FIG. 8, to land or 
impinge at spaced locations on a color screen S provided 
on the face plate FP of the tube T after passing through 
beam selecting means which may be in the form of an 
apertured grill or mask G. The color screen S is com 
prised of suitably arranged sets of “red,” “green' and 
"blue' phosphor stripes or dots which are adapted to be 
Selectively energized by the beams B1, B2 and B, respec 
tively. The usual horizontal and vertical deflection means, 
as indicated by the yoke Dy, are provided for horizontally 
and vertically deflecting the beams B1, B2 and B3 simul 
taneously so that such beams scan with respect to screen 
S, as in the conventional picture tube. By supplying "red,' 
"green' and "blue' color video signals between cathode 
K and grid members G11, G12 and G3, respectively, the 
three beams are intensity-modulated, and by reason of 
the scanning of the screen, the modulated beams produce 
respective color pictures on screen S. However, by reason 
of the spacing between the landing spots of the beams 
on screen S, the red, green and blue pictures respectively 
produced by beams B1, B2 and B3 will be offset relative to 
each other in the direction, and to the extent of the 
spacing between the beams at the screen, assuming that, 
at any point in time, all beams are being modulated by 
respective color video signals corresponding to the same 
element of the composite color picture to be produced. 

In accordance with this invention, such offsetting of 
the pictures is avoided by suitably time delaying the color 
video signals which modulate those beams in trailing or 
lagging positions considering the scanning direction of 
the beams. Thus, for example, if beams B1, B2 and B3 
of the color picture tube of FIG. 8 originate at points 
on a horizontal straight line, as is preferred, and if the 
horizontal scanning direction of the beams is as indicated 
by the arrow Hs, with blanking occurring in the opposite 
horizontal direction, then beam B3 is in the foremost or 
advanced positions as screen S and beams B2 and B1 
successively lag or trail beam B. With the foregoing 
relationship, the "green' color video signals which modu 
late beam B will be time delayed relative to the "blue' 
color video signals modulating beam B, and the “red' 
color video signals modulating beam B will be further 
time delayed. For example, in the case of a color picture 
tube according to this invention having a screen measur 
ing 225 mm. thereacross, the landing spot of beam B2 
may be spaced 22.5 mm. from the landing spot of beam 
B3 and, similarly, the landing spot of beam B may be 
spaced 22.5 mm. from that of beam B. If the horizontal 
Scanning time is 60 usec. and the horizontal spacing 
between the beam landing spots is A0 of the horizontal 
distance across the screen, as in the foregoing example, 
then the "green' color video signals modulating beam B. 
are time delayed by 6 usec. with respect to the “blue' 
color video signals modulating beam B, and the "red' 
color video signals modulating beam B are time delayed 
a further 6 p.sec., that is, a time delay of 12 usec. with 
respect to the "blue' color video signals. Such time delays 
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will result in the desired correspondence of the red, green 
and blue pictures produced on screen S by beams B1, 
B2 and B3. 
As shown diagrammatically on FIG. 8, conventional 

color television receiver circuits 13, for example, as dis 
closed in McGraw-Hill Encyclopedia of Science and Tech 
nology, McGraw-Hill Book Co., New York, N.Y., vol 13, 
page 474, are provided to process the color television 
signal received by an antenna 14 and to supply the 
chrominance components I and Q and the luminance corn 
ponent M to the usual matrix circuits 15 by which the 
I, Q and M components are combined in the proper 
proportions to produce red, green and blue signals 
R, G and B which are applied, as by the conductors 
15, 17 and 18, between grid members G11, G12 and G13, 
respectively, and cathode K. 

In accordance with this invention, the blue signal B 
is transmitted, without delay, by way of conductor 18; 
whereas the green and red signals G and R are subjected 
to time delays, for example, by delay lines 19 and 20, 
respectively, which delay the respective signals by time 
increments t and 2t, that is, by 6 puSec. and 12 usec. in 
the example given. Circuits 13 further supply the usual 
horizontal and vertical sweep signals H and V to yoke Dy 
to cause the beams to scan screen S, with the delays 
imparted to the green and red signals modulating beams 
Ba and B1 being proportioned to the horizontal sweep 
time and to the spacing between the landing spots of the 
beams on screen S to obtain the desired correspondence 
of the respective pictures that are produced. 

Since beams B1, B2 and B are allowed to diverge from 
focusing lens L and are not thereafter deflected for con 
vergence at a common spot or aperture of beam selecting 
means GP, the beam loss that would be associated with 
such convergence deflection is avoided and hence, high 
utilization of the beams is realized for enhanced bright 
ness of the color picture. Further, the omission of a con 
vergence deflection device after the focusing lens L of gun 
A serves to reduce the length of the gun, and thereby 
makes it possible to accommodate the gun A in a desir 
ably short neck portion N of the color picture tube T 
so that such tube can be installed in a cabinet of reduced 
depth. 

It will also be seen that the omission of a convergence 
deflection device between focusing lens L and Screen S 
makes it possible to dispose the deflection yoke Dy in 
the vicinity of the axial location where beams B1, B2 and 
Bs are made to intersect, that is substantially at the opti 
cal center of focusing lens L, as shown. Thus, he beams 
B1, Ba and B3 are bunched together in their passage 
through the deflection fields produced by yoke Dy so that 
these fields may be of relatively small size, measured nor 
mal to the tube axis, for minimizing the power required 
to generate the deflection fields. The bunching together of 
the three beams in their pasage through the deflection 
fields further ensures that such beams will be equally af 
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8 
fected by the fields, to avoid the distortions of the picture 
that may result when the beams pass through spaced por 
tions of the fields. 

Although illustrative embodiments of the invention have 
been described in detail herein with reference to the 
drawings, it is to be understood that the invention is not 
limited to those precise embodiments, and that various 
changes and modifications may be effected therein by 
one skilled in the art without departing from the scope 
or spirit of the invention. 
What is claimed is: 
1. Apparatus for the reproduction of images in color, 

comprising an electron receiving screen, an electron gun 
having means for generating a plurality of electron beams 
directed toward said screen and which are made to inter 
sect at a location between the electron beam generating 
means and said screen so as to have spaced apart land 
ing spots on the screen, focusing lens means to focus said 
beams on the screen, said focusing lens means having an 
optical center and being positioned to dispose said optical 
center substantially at said location where the electron 
beams intersect, means for causing said beams to simul 
taneously scan said screen, means for modulating said 
electron beams with respective color video signals, and 
means imparting time differences to said color video sig 
nals with which the plurality of beams are respectively 
modulated so as to compensate for the spacing of said 
landing spots of the beams on the screen. 

2. Apparatus according to claim 1, in which said means 
for causing the beams to scan the screen includes deflec 
tion yoke means disposed in the vicinity of said location 
where the electron beams intersect and producing beam 
deflecting fields traversed by said beams. 

3. Apparatus according to claim 1, in which said means 
imparting time differences to said color video signals in 
cludes time delay means acting on the color video signals 
for modulating at least one of said beams. 

4. Apparatus according to claim 3, in which there are 
three of said beams and the landing spots of said beams 
on the screen are successively spaced apart in the hori 
Zontal scanning direction of said beams, and said time 
delay means applies relatively small and relatively large 
time delays, respectively, to the color video signals which 
modulate the two beams having their landing spots in 
successive trailing positions, considered in said horizontal 
scanning direction, with respect to the landing spot of 
the third beam. 
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