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57 ABSTRACT 
At least one of the focusing electrodes stages disposed 
between an acceleration electrodes stage and a rear 
focusing electrodes stage is constituted by first and 
second grid electrodes, confronting portions thereof 
having asymmetrical construction with respect to an 
electron beam axis. A constant focusing voltage is ap 
plied to the first grid electrode, and a dynamic focusing 
voltage gradually increasing or decreasing from the 
constant focusing voltage as the degree of beam deflec 
tion increases is applied to the second grid electrode. 

10 Claims, 5 Drawing Sheets 
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1. 

CATHODE RAY TUBE 

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

BACKGROUND OF THE INVENTION 
A cathode ray tube having an evacuated envelope 

containing therein an electron gun for generating an 
electron beam, and a fluorescent surface or a target 
irradiated with the electron beam is used in a television 
receiving set, various display devices and an oscillo 
scope, and for recording a television picture image or 
the like. In such cathode ray tube, it is desirable to make 
substantially uniform the bean spot on the target elec 
trode over the entire surface thereof and to reduce a 
halo about the bean spot for the purpose of obtaining a 
high quality picture image. FIG. 1 illustrates states of 
the beam spots on the target electrode of a conventional 
in-line type color television tube. As shown, a beam 
spot 101 at the center of the target electrode 100 has a 
true circular configuration, but the beam spots largely 
defected in the horizontal direction comprises a core 
103 which is shown in black in FIG. 1. and a marginal 
haloportion 104. Such nonuniform beam configurations 
are formed due to the astigmatism and the difference in 
the focal distances as described later and do not form 
high quality pictures. 

For this reason, as disclosed in Japanese Laid Open 
Patent Specification Nos. 85666/1979 and 85667/1979, 
a cathode ray tube has been proposed in which an asym 
metrical lens is formed by a first grid or a second grid in 
the electron gun for compensating for the astigmatism 
caused by deflection. This measure can improve the 
uniformity of the beam spot over the entire surface of 
the target electrode, but the beam diameter at the center 
of the target electrode becomes larger than a case 
wherein a symmetrical lens system is used. 
Japanese Laid Open Patent Specification No. 

198832/1983 discloses an improved construction in 
which a front focusing electrodes stage disposed be 
tween an acceleration electrodes stage and a rear focus 
ing electrodes stage is constituted by first to third grid 
electrodes, a constant focusing voltage is impressed 
across the first and the third grid electrodes, and a dy 
namic voltage which increases or decreases gradually 
from the constant focusing voltage as the degree of 
bean deflection increases, is impressed upon the second 
grid. This construction can obviate the astigmatism, but 
can not solve the problem regarding the difference in 
the focal distances caused by the difference in the de 
gree of bean deflection. In order to solve the problem, 
an expedient has been made wherein, at the peripheral 
portion where the degree of deflection of the beam is 
large, the focusing voltage is made high to decrease the 
lens effect and to increase the focal length, so that the 
beam always focuses on the target electrode. However, 
this measure is complicated because of the necessary use 
of another dynamic voltage and a consideration to the 
effect of the third grid electrode which shortens the 
focal distance than a case not using the third grid elec 
trode. 

SUMMARY OF THE INVENTION 
Accordingly, it is an object of this invention to pro 

vide a novel cathode ray tube having an electron gun 
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2 
capable of obviating the not point shaped astignation 
caused by the degree of beam deflection and a problem 
caused by the difference in the focal distances. 
According to this invention there is provided a cath 

ode ray tube having a plurality of electron guns each 
including a cathode electrodes stage, an accelerating 
electrodes stage, a front focusing electrodes stage, and a 
rear focusing electrodes stage, which are sequentially 
disposed in the direction of the axis of the tube, the front 
focusing electrodes stage including first and second grid 
electrodes which are successively disposed in the direc 
tion of the tube axis and each provided with apertures 
for passing electronbeams emitted by the electron guns, 
means for applying a constant focusing voltage to the 
first grid electrode, and means for applying to the sec 
ond grid electrode a dynamic focusing voltage which 
gradually increases or decreases as the degree of deflec 
tion of the electron beam increases, thereby asymmetri 
cally converging the electron bean. 
BRIEF DESCRIPTION OF THE DRAWINGs 
In the accompanying drawings: 
FIG. 1 shows configurations of beam spots on a tar 

get electrode of the prior art cathode ray tube; 
FIG. 2 is a longitudinal sectional view showing one 

embodiment of the cathode ray tube according to this 
invention; 

FIG. 3 is a longitudinal sectional view showing the 
electron gun shown in FIG. 2; 

FIG. 4 is a perspective view showing the construc 
tion of the grid electrodes of the electron gun shown in 
FIG. 3; 

FIG, SA shows the waveform of a deflection current; 
FIG. SB shows the waveform of a dynamic focusing 

voltage; 
FIG. 6 is a diagrammatic representation of electric 

field formed between grid electrodes shown in FIG. 4; 
FIG. 7 is a diagram showing a focusing of an electron 

beam caused by a synthetic lens formed in the electron 
guns; 
FIG. 8 is a longitudinal sectional view showing an 

other embodiment of the electron gun according to this 
invention; and 

FIG. 9 is a perspective view showing another em 
bodiment of the grid electrodes of the front focusing 
electrodes stage. 

DESCRIPTION OF THE PREFERRED 
EMBOOMENTS 

The embodiments of this invention will be described 
with reference to the accompanying drawings. 
FIG. 2 is a longitudinal sectional view showing an 

in-line type color cathode ray tube according to this 
invention. In FIG.2, a glass envelope 1 is constituted by 
a face plate 2 formed with a fluorescent screen 12, fun 
nel 3 and a neck portion 4 containing electron guns 5, 6 
and 7. The axes of the three electron guns 5, 6 and 7 are 
contained in the same plane, that is, the plane of the 
sheet of drawing, and the axis of the central gun 6 is 
substantially coincided with the tube axis 11. 

Electron beams 8, 9 and 10 emitted by electron guns 
5, 6 and 7, respectively, advance straightforwardly 
toward the fluorenscent screen 12 and are deflected in 
the horizontal direction (in the plane of the sheet of 
drawing) and in the vertical direction by a deflection 
coil 15. In front of the fluorescent screen 12 is disposed 
a shadow mask 13 formed with a plurality of apertures 
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14. The electron beams are selected by the color select 
ing function of the apertures 14 and then reach the 
fluorescent screen 12 for luminescing corresponding 
fluorescent picture elements thus reproducing a desired 
picture image. 

FIG. 3 shows the construction (designated by refer 
ence numeral 17) of the electron guns 5, 6 and 7. The 
electron gun assembly 17 shown in FIG. 3 comprises 
three cathode electrodes 18, 18' and 18", a first grid 19, 
a second grid 20, front focusing electrodes stage 21 and 
rear focusing electrodes stage 22 which are arranged 
along a straight line in the horizontal direction. The 
front focusing electrodes stage 21 comprises a grid elec 
trode 23 adjacent to the second grid 20 and a grid elec 
trode 24 adjacent to the rear focusing electrodes stage 
22, FIG. 4 shows the construction of the grid electrodes 
23 and 24 and their relation. The grid electrode 23 is 
provided with beam passing apertures 25, 25 and 25" 
for passing the electron beams emitted by cathode elec 
trodes 18, 18' and 18", respectively, and passing 
through apertures of the first and second grids 19 and 
20. The grid electrode 23 is further provided on its 
surface confronting the grid electrode 24 with plate 
shaped projections 27-1, 27-2, 27-3 and 27-4 on both 
sides of beam passing apertures 25, 25' and 25", each 
projection having a length larger than the diameter of 
the beam passing apertures 25, 25' and 25" and a width 
a little smaller than the distance between grid electrodes 
23 and 24. 
The grid electrode 24 is provided with beam passing 

apertures 26, 26' and 26" at positions respectively op 
posing the beam passing apertures 25, 25' and 25" of the 
grid electrode 23 and plate shaped projections 28-1 and 
28-2 on the surface confronting the grid electrode 23. 
The projections 28-1 and 28-2 extend in parallel with a 
line interconnecting the centers of beam passing aper 
tures 26, 26' and 26" and have a length longer than the 
distance between the projections 27-1 and 27-4 at the 
opposite ends of the grid electrode 23. The width of 
each of the projections 28-1 and 28-2 is a little smaller 
than the spacing between the grid electrodes 23 and 24. 
The grid electrodes 23 and 24 are assembled such that 
the projections 27-1-27-4 of the grid electrode 23 are 
disposed between the projections 28-1 and 28-2 but not 
contact them, thereby forming the central portion of the 
front focusing electrodes stage 21 shown in FIG. 3. In 
FIG. 3, reference numbers 32, 32 and 32" show a sym 
metrical lens system (having a converging action syn 
metrical to the axis of the beam) formed between the 
front focusing electrodes stage 21 and the rear focusing 50 
electrodes stage 22. 
As shown in FIG. 4, a constant focusing voltage W. 

is applied to the grid electrode 23 from a DC source 29, 
whereas dynamic focusing voltage Wa produced by 
superposing Voc upon the voltage of AC source 30 
which varies depending upon the degree of beam de 
flection is applied to the grid electrode 24. 
FIG. 5A shows the waveform of the deflection cur 

rent, while FIG. 5B shows the waveform of the dy 
namic focusing voltage Vic', both voltages being de 
picted along the same time axis. As shown in FIGS. 5A 
and 5B, the dynamic focusing voltage V is equal to 
the voltage V, applied to the grid electrode 23 when 
the deflection current is zero, that is, when the electron 
beam is positioned at the center of the fluorescent 
screen 12, The dynamic focusing voltage V for becomes 
larger when the electron beam is deflected from the 
center of the fluorescent screen due to the increase in 
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4. 
the deflection current. Thus, when the beam spot is 
positioned at the center of the fluorescent screen 12, the 
grid electrodes 23 and 24 have the same voltage and no 
lens by electric field is formed between these grid elec 
trodes 23 and 24, resulting in that the beam spot have a 
true circular configuration at the center of the fluores 
cent screen 12. According as the voltage V. rises with 
the increase of the degree of deflection of the electron 
beam, a potential difference would be created between 
grid electrodes 23 and 24 so that three four pole electric 
fields are formed between grid electrodes 23 and 24. 
Each four pole electric field acts upon the correspond 
ing electron beam. 

FIG. 6 shows the four pole electric fields thus formed 
in which arrows 31 show equipotential lines. Under 
these electric fields, each of the electron beams passing 
through apertures 25, 26; 25, 26; and 25" and 26' is 
caused to diverge in the vertical direction and to con 
verge in the horizontal direction. As a consequence, the 
focal points in the vertical and horizontal directions 
differ each other. FIG. 7 explains this. In FIG. 7, refer 
ence numeral 34 shows the cross-section of an electron 
beam, and reference numeral 33 shows one of three 
lenses obtained by equivalently synthesizing the sym 
metric lenses 32,32' and 32' described above and a lens 
formed by the grid electrodes 23 and 24. When the 
electron beam 34 passes through the syntherized lens 
33, it is subjected to a weak focusing effect in the verti 
cal direction, and to a strong focusing effect in the hori 
zontal direction. The focus 35 in the vertical direction is 
formed at more remote point than the focus 36 in the 
horizontal direction. As a consequence, the astigmatism 
shown in FIG. 1, which is caused by the four pole mag 
netic fields formed by the deflection coil 15, is elimi 
nated. 
The dynamic focusing voltage V, is set as follows. 

As above described in the prior art color picture tube, 
since the distance between the deflection center and the 
fluorescent screen 12 is different at the center and the 
peripheral portions of the fluorescent screen 12, the 
focal point drifts. To compensate this defect it has been 
the practice to increase the focusing voltage applied to 
the peripheral portion. According to this invention, 
however, the drift of the focal point caused by the dif 
ference in the focal distance can be corrected with the 
astigmatism by selecting the dynamic focussing voltage 
Vfor to have a suitable value. More particularly, since 
the astigmatism is determined by the deflection coil 15 
and the glass envelope 1, by suitable design of the front 
focusing electrodes stage 21 such that the dynamic 
focusing voltage We necessary for correcting the astig 
matism coincides with the voltage for correcting the 
focal point drift caused by the difference in the focal 
points, both the astigmatism and the drift of the focal 
point can be corrected simultaneously, 
As above described, the electron gun of this invention 

is possible to cause the beam spot to have substantially 
equal configuration to a true circle even in the periph 
eral portion, thereby providing the excellent beam spot 
configuration over the entire surface of the fluorescent 
screen so as to obtain clear reproduced picture images. 
FIG. 8 is a sectional view of an electron gun assembly 

showing another embodiment of this invention. This 
embodiment shows an example of using a multistage 
focusing in-line type electron gun in which the front 
focusing electrodes stage is constituted by focusing 
electrodes 21A and 21B and a grid electrode 40 inter 
posed therebetween. The rear focusing electrode 
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21B is constituted by the grid electrodes 23 and 24, 
similar to the front focusing electrodes stage 21 in the 
embodiment shown in FIG. 3. A constant voltage Vo 
is applied to the grid electrode 23 and to the focusing 
electrode 21A, while a dynamic focusing voltage V, 
which varies with the degree of bean deflection is ap 
plied to the grid electrode 24. A high voltage from source 
41 is impressed across applied to grid electrode 40 
and the rear focusing electrodes stage 22. 

FIG. 9 shows still another embodiment of this inven 
tion having an advantageous effect similar to the con 
struction shown in FIG. 4 for producing asymmetrical 
electric field. In FIG. 9, grid electrodes 23' and 24' are 
respectively formed with beam passing apertures 42, 
42", 42" and 43, 43', 43' which are vertically elongated. 
A constant high voltage Vois applied to the grid elec 
trode 23, while a dynamic focusing voltage V is 
applied to the grid electrode 24', whereby the grid elec 
trodes 23' and 24' provide an effect similar to that 23 
and 24 of FIG. 4. 

Generally, a color picture tube utilizes three electron 
guns arranged on a straight line or at the apieces of a 
triangle. In such electron guns, one or more electrodes 
are integrally formed with those of the other electron 
guns. An electron gun having such electrodes is dis 
closed in U.S. Pat. No. 3,772,554, for example. This 
invention is especially suitable for a color picture tube 
having such electron guns of unitized structure. 
While the invention has been described in terms of an 

in-line type color picture tube, it should be understood 
that the invention is not limited to this type and that the 
invention is also applicable to any type of cathode ray 
tube utilizing a single or a plurality of electron beans. 
What is claimed is: 
1. A cathode ray tube comprising: 
a plurality of electron guns an electron gun assem 
bly disposed in a neckportion of a glass envelope of 
said cathode ray tube, each of said electron 
guns gun assembly including 

a cathode electrodes stage, 
a front focusing electrodes stage, and 
a rear focusing electrodes stage, said stages being 

sequentially disposed in a direction of an axis of 
said cathode ray tube, 

said first front focusing electrodes stage includ 
ing 

a first focusing electrode, 
a second focusing electrode comprising con 
prised of a first grid electrode and a second grid 
electrode, and 

a third grid electrode disposed between said first 
and second focusing electrodes; 

means for applying a constant focusing voltage to 
said first focusing electrode and said first grid 
electrode; 

means for applying to said second grid electrode a 
dynamic focusing voltage superimposed on 
said a constant voltage which dynamic focus 

ing voltage gradually varies as a function of the 
deflection of an electron bean so as to asyannet 
rically converge the electron beam to produce 
substantially the same beam spot configuration 
on said tube for any deflection of said beam; and 

means for applying a high voltage to said third grid 
electrode and said rear focusing electrodes stage. 

2. A cathode ray tube according to claim 1 wherein 
said first grid electrode is provided on a surface thereof 
confronting to said second grid electrode with plate 
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shaped projections disposed on both sides of apertures 
for passing the electron beams, and said second grid 
electrode is provided on a surface thereof confronting 
to said first grid electrode with upper and lower plate 
shaped projections such that said plate shaped projec 
tions of said first and second grid electrodes are super 
posed perpendicularly to each other but not in contact 
with each other. 

3. A cathode ray tube according to claim 1 wherein 
each of said first and second grid electrodes is formed of 
a plate provided with vertically elongated apertures 
arranged horizontally. 

4. A cathode ray tube according to claim 1, wherein said 
constant voltage on which said dynamic focusing woltage is 
superimposed is said constant focusing woltage. 

5. An in-line type cathode ray tube comprising 
an electron gun assembly disposed in a neckportion of a 

glass envelope of said cathode ray tube, said electron 
gun assembly including 

a cathode electrodes stage, 
a front focusing electrodes stage having at least a first 

grid electrode and a second grid electrode, one of said 
first and second grid electrodes having a surface con 
fronting the other of said first and second grid elec 
trodes and provided thereon with first plate shaped 
projections for a plurality of aligned first apertures 
formed in said one of said first and second grid elec 
trodes, said aligned first apertures passing electron 
beams emitted by said cathode electrodes stage, said 
first plate shaped projections extending in a direction 
substantially parallel with a direction of alignment of 
said plurality of aligned first apertures so as to sand 
wich said aligned first apertures, and 

a rear focusing electrodes stage, said front and rear 
focusing electrodes stages being sequentially disposed 
in a direction of an axis of said cathode ray tube, 

means for applying a constant focusing woltage to said 
first grid electrode 

means for applying to said second grid electrode a dy 
namic focusing voltage superimposed on a constant 
focusing voltage which dynamic focusing voltage grad 
aually varies as a fianction of the deflection of an elec 
tron bean so as to asymmetrically converge the elec 
tron beam to produce substantially the same beam 
spot configuration on said tube for any deflection of 
said bean, and 

means for applying a high woltage to said rear focusing 
electrodes stage. 

6. An in-line type cathode ray tube according to claim 5, 
wherein the other of said first and second grid electrodes 
has a surface thereof confronting said one of said first and 
second grid electrodes and provided thereon with second 
plate shaped projections for second apertures formed in 
said other of said first and second grid electrodes, said 
second apertures passing the electron beans, said second 
plate shaped projections extending in a direction substan 
tially perpendicular to said direction of alignment of said 
plurality of aligned first apertures, each of said second 
plate shaped projections having a width smaller than a 
spacing between said one and said other of said first and 
second grid electrodes, an adjacent two of said second plate 
shaped projections being disposed so as to sandwich an 
associated second aperture. 

7. An in-line type cathode ray tube according to claim 6, 
wherein said second plate shaped projections have a length 
of extension larger than the diameter of said second aper 
tures formed in said other of said first and second grid 
electrodes. 
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8. An in-line type cathode ray tube according to claim 5, 
wherein said constant focusing woltage on which said dy 
namic focusing woltage is superimposed is said constant 
focusing woltage applied to said first grid electrode, 

9. An in-line type cathode ray tube comprising 5 
an electron gun assembly disposed in a neck portion of a 

glass envelope of said cathode ray tube, said electron 
gun assembly including 

a cathode electrodes stage, 
a front focusing electrodes stage, and 
a rear focusing electrodes stage, said front and rear 

focusing electrodes stages being seguentially disposed 
in a direction of an axis of said cathode ray tube, 

said front focusing electrodes stage having at least a first 
grid electrode and a second grid electrode, at least one 
of said first and second grid electrodes having a sur 
face thereaf confronting the other of said first and 
second grid electrodes and provided thereon with plate 
shaped projections for apertures formed in said at least 
one of said first and second grid electrodes, said aper- 20 
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tures being arranged for passing electron beans enit 
ted by said cathode electrodes stage, 

means for applying a constant focusing woltage to said 
first grid electrode 

means for applying to said second grid electrode a dy 
namic focusing woltage superimposed on a constant 
focusing woltage which dynamic focusing voltage grad 
ually waries as a function of the deflection of an elec 
tron beam so as to asymmetrically converge the elec 
tron beam to produce substantially the same beam 
spot configuration on said tube for any deflection of 
said beam and 

means for applying a high voltage to said rear focusing 
electrodes stage. 

10. An in-line type cathode ray tube according to claim 
9, wherein said constant focusing woltage on which said 
dynamic focusing voltage is superinposed is said constant 
focusing voltage applied to said first grid electrode. 


