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57 ABSTRACT 
An electron gun assembly for use in a cathode ray 
tube provided with a main lens system for focusing 
electrons emitted from a cathode electrode, compris 
ing at least three focusing electrodes aligned on the 
same imaginary axis extending from said cathode elec 
trode to form with an anode electrode at least two 
separated lenses on said axis when voltages are ap 
plied. The two lenses form a unitary lens having a 
large aperture in which the object point (i.e., cross 
over point) for the lens formed of a first and a second 
grid electrode is located at the focal position of the 
lens on the cathode side and the trace of the emitted 
electron beam becomes nearly parallel with said axis 
between said two lenses. Thus, the radius of the result 
ing beam spot becomes smaller and the focusing char 
acteristics are improved. 

12 Claims, 4 Drawing Figures 
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ELECTRON GUN ASSEMBLY WITH IMPROVED 
UNITARY LENS SYSTEM 

This invention relates to an electron gun and more 
particularly to an electron gun assembly for use in a 
cathode ray tube having an improved beam spot and 
halo characteristics. 
Conventional electron guns having a lens function 

and used generally in cathode ray tubes include unipo 
tential type and bipotential type lens configuration, as 
defined in the Proceedings of the IRE, Volume 24, No. 
8, Aug., 1936, pages 1108 - 1 1 10. A unipotential lens 
is one in which the potential (or the index of refrac 
tion) on the two sides of the lens is the same; whereas, 
if the potential on the two sides of the lens is different, 
the lens will be called a bipotential lens. In a unipoten 
tial type electron lens system, three focusing electrodes 
are disposed on an imaginary axis, and a high voltage 
of e.g., 25 kV is applied to two of said focusing elec 
trodes disposed on respective outer sides while a volt 
age nearly equal to zero is applied to the central focus 
ing electrode to form a main lens assembly. In a bopo 
tential type electron lens system, two focusing elec 
trodes are disposed on an imaginary axis, the one of 
which is supplied with a high voltage of about 25 kV 
and the other of which is supplied with an intermediate 
voltage of 3 to 6 kV to form a main lens assembly. In 
electron guns of the above types, respective electrodes 
are disposed to form one main lens and a cross-over 
image is focused on a fluorescent screen by this one 
main lens. 
Among the electron guns of the above structures, 

said bipotential electron guns can have a small aberra 
tion and hence good beam spot characteristics but re 
quire a high voltage of e.g., 3 to 6 kV for a focusing 
electrode and hence have problems in the breakdown 
voltage, and the influence of variations in the high volt 
ages. 

Further, said unipotential electron guns have an ad 
vantage that the adjustment of focus can be done at low 
voltages and is influenced little by variations in the high 
voltage, while they have inferior beam spot characteris 
tics to those of said bipotential electron guns. Yet fur 
ther, electron guns of these types have various disad 
vantages such that a halo may appear when the beam 
spot characteristics are to be improved and thereby the 
focusing characteristics may be deteriorated. 
For solving these problems, there has been proposed 

an electron gun having an elongated third focusing 
electrode to improve the beam spot characteristics. In 
such electron guns, however, the longer the third elec 
trode becomes, the easier becomes the generation of a 
halo and the worse become the focusing characteris 
tics. The generation of a halo is suppressed by length 
ening the distance between the first and the second fo 
cusing electrodes, but there is a limitation to such a 
modification. There is also proposed an electron gun in 
which the aperture of the first focusing electrode is 
made smaller to decrease the halo, but it is accompa 
nied with a drawback that the service life of the gun be 
comes extremely short. From these reasons, in gener 
ally used conventional guns, the length of the third fo 
cusing electrode is usually 15 to 20 mm in the bipoten 
tial type and 13 to 18 mm in the unipotential type and 
improvements in the focusing characteristics should 
also be managed in such restricted regions. 
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2 
Therefore, an object of this invention is to provide an 

electron gun assembly for use in a cathode ray tube, 
which forms a novel electron lens system. 
Another object of this invention is to provide an elec 

tron gun assembly which has a thin beam spot diameter 
and good halo and focusing characteristics. 
According to an embodiment of this invention, there 

is provided in a cathode ray tube having an electron 
gun provided with a main lens system for focusing the 
electron beam emitted from a cathode on a fluorescent 
screen, an electron gun assembly comprising a main 
lens system consisting of at least two aligned lens sys 
tems, the cross-over point of the electron beam emitted 
from said cathode electrode being positioned substan 
tially at a focal point of the lens system of said main 
lens system on the cathode side, thereby collimating 
the electron beam substantially parallel to the central 
axis of the two lens systems of said main lens system be 
tween said two lens systems. 
Other objects, features and advantages of the inven 

tion will become apparent from the following detailed 
description taken in conjunction with the accompany 
ing drawings in which: 
FIG. 1 is a cross section of the main portion of an em 

bodiment of the electron gun assembly according to the 
invention; 
FIG. 2 illustrates the operational principles of the 

electron gun shown in FIG. 1; and 
FIGS. 3 and 4 are cross sections of the main portions 

of other embodiments of the invention, respectively. 
Preferred embodiments of the invention will be de 

scribed hereinbelow referring to FIGS. 1 to 4. 
FIG. 1 shows an embodiment of the electron gun ac 

cording to the invention and FIG. 2 illustrates the prin 
ciples of the electron gun of FIG. 1. In FIG. 1, letter k 
denotes a cathode for emitting electrons, G, G, Ga, G4 
and Gs the first, second, third, fourth and fifth grid 
electrodes respectively, and Gs an anode. These elec 
trodes are aligned on the same imaginary axis. The lon 
gitudinal (axial) length of the fourth grid electrode G4 
is selected larger than the tube diameter. 
When predetermined respective voltages are applied 

to the respective electrodes in the illustrated structure, 
two electron lenses L and L are formed. For example, 
a voltage of 7 to 10 kV is applied to the third and fifth 
grid electrodes and a voltage of 20 to 30 kV is applied 
to the fourth grid electrode and the anode. The elec 
tron lenses thus formed by said voltage application can 
be schematically represented by the diagram of FIG. 2. 
Thus, a bipotential type lens system is formed between 
electrodes Ga and G corresponding to lens L in FIG. 
2, and a unipotential type lens system is formed by elec 
trodes G-G corresponding to lens L, in FIG. 2. When 
electrons are supplied through a point source (object 
point i.e., cross-over point) a which is located at the 
focal length of the first lens Li in front of the first lens 
L, the electrons diverge toward the first lens as indi 
cated by traces l and l and then are deflected by the 
first lens Li to become parallel to the axis b. Namely, 
the first lens Li is arranged to work as a collimating 
lens, or the focal point of the electron lens L1 is posi 
tioned at the object point a. The electrons collimated 
by the first lens L proceed in a path indicated by traces 
la and l in parallel to the imaginary axis b toward the 
second lens L2 and then are deflected by the second 
lens L, as indicated by traces is and ls and focused on 
a point c on the imaginary axis b. In this case, as seen 
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from the points a and c on the imaginary axis b, the ex 
istence of two lenses L1 and L is equivalent to the exis 
tence of a large aperture main lens Lim on the line con 
necting the cross points d and e of the extensions of the 
traces l1, 12, 15 and ls. Thus, the aberrations are greatly 
reduced. Here, one of the most important things is that 
the focusing electrode assembly should be so arranged 
that the traces of the electrons deflected by the lens L 
become parallel to the imaginary axis b. This means 
that the object point should approach the focal point of 
the first electron lens L. Further, in the case when the 
traces of the electron beam la and l are parallel to the 
imaginary axis b, even if the electrode is elongated and 
the beam spot is made thinner, the aberrations are not 
affected much and there is no danger that the halo and 
the focusing characteristics will deteriorate. 

In the above embodiment, two electron lenses con 
sisting of one bipotential type lens formed between 
electrodes Ga and G4 and one unipotential type lens 
formed by electrodes G-G are disposed on an imagi 
nary axis to form one large aperture lens. The present 
invention, however, is not limited to this and can be ap 
plied to various electron lens systems. 
Namely, this invention can be applied similarly to the 

electron guns provided with a combination of two uni 
potential type electron lenses and to the electron guns 
provided with a combination of two bipotential type 
electron lenses. Embodiments for these cases are 
shown in FIGS. 3 and 4 respectively. 

In FIG. 3, a voltage of 20 to 30 kV is applied to the 
third and fifth electrodes Ga and Gs and the anode G, 
and another voltage of 7 to 10 kV is applied to the 
fourth and sixth electrodes G and G. Then, two unipo 
tential type lenses corresponding to the lenses L and 
L of FIG. 2 are formed at the fourth and sixth grid 
electrodes G4 and G. In the embodiment of FIG. 4, a 
voltage of 20 to 25 kV is applied to the third grid elec 
trode G, a voltage of 7 to 10 kV to the fourth electrode 
G, and a voltage of 25 to 30 kV to the anode G. Bipo 
tential type lenses corresponding to the lenses L and 
L of FIG. 2 are formed in the gaps between the respec 
tive adjacent electrodes. In the embodiments of FIGS. 
3 and 4, the axial length of the respective fifth and 
fourth grid electrodes respectively located between the 
lenses L and L are taken larger than the diameter of 
the electrode. 

In the above embodiments, the purpose of collimat 
ing the electron beam between the electron lenses par 
allel to the axis can be achieved by changing the volt 
ages applied to the respective electrodes and/or the 
lengths of the respective grid electrodes constituting 
the electron lenses. 

Further, the length of the third grid Ga is designed to 
be approximately equal to the focal length of the elec 
tron lens L. Practically, the length of this third grid Ga 
is determined from the relation to the magnification 
ratio of the electron lenses L and L2, the distance of 
the focal point (i.e., image plane) c from the electron 
lens L2, etc. 
As is described above, according to the electron gun 

assembly of the invention, one apparent main lens of a 
large aperture is formed by two lenses. Therefore, an 
electron gun assembly having a thin beam spot diame 
ter and excellent focusing characteristics can be pro 
vided easily. 
What is claimed is: 
1. An electron gun assembly for use in a cathode ray 
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4. 
tube having at least one electron gun provided with a 
prefocusing lens system and a main lens system for fo 
cusing an electron beam emitted from at least one cath 
ode on a fluorescent screen, said main lens system com 
prising at least two individual lens systems each formed 
of a plurality of aligned lens electrodes whose axes cor 
respond to the central axis of said electron gun, said 
main lens system being positioned with respect to said 
prefocusing lens system so that the cross-over point of 
said electron beam is positioned substantially at the 
focal point of the individual lens system closest to said 
cathode, thereby causing said electron beam to have a 
substantially uniform transverse dimension of flux and 
a central axis in parallel with the axis of said electron 
gun between said individual lens systems forming said 
main lens system. 

2. In a cathode ray tube having at least one electron 
gun assembly provided with a prefocusing lens system 
and a main lens system for focusing an electron beam 
emitted from at least one cathode on a fluorescent 
screen, said main lens system comprising at least two 
electron lens systems aligned on a common central axis 
with said cathode, each electron lens system being 
formed of a plurality of aligned lens electrodes and 
meams for connecting potential sources to the respec 
tive lens electrodes, said main lens system being posi 
tioned with respect to said cathode so that the cross 
over point of the electron beam emitted from said cath 
ode is positioned substantially at the focal point of the 
electron lens system of said main lens system closest to 
the cathode, thereby collimating the electron beam 
substantially parallel to said common central axis of 
said main lens system between said two electron lens 
Systems. 

3. An electron gun assembly according to claim 2, in 
which said two electron lens systems have a common 
electrode disposed between said two lens systems, the 
axial length of said common electrode being larger than 
the diameter thereof. 

4. An electron gun assembly according to claim 2, in 
which said two lens systems are formed of one bipoten 
tial type lens system and one unipotential type lens sys 
tel. 

5. An electron gun assembly according to claim 2, in 
which both of said two lens systems are formed of bipo 
tential type lens systems. 

6. An electron gun assembly according to claim 2, in 
which both of said two lens systems are formed of uni 
potential type lens systems. 

7. An electron gun assembly according to claim 4, 
wherein said two electron lens systems are formed of 
successively aligned first, second, third, fourth, fifth 
and sixth electrodes on the same axis as said cathode, 
said third and fourth electrodes forming a bipotential 
type lens system, and said fourth, fifth and sixth elec 
trodes forming a unipotential type lens system. 

8. An electron gun assembly according to claim 7, in 
which the axial length of said fourth electrode is larger 
than the diameter thereof. 

9. An electron gun assembly according to claim 5, 
wherein said two electron lens systems are formed of 
successively aligned first, second, third, fourth and fifth 
electrodes on the same axis as said cathode, said third 
and fourth electrodes and said fourth and fifth elec 
trodes forming respective bipotential type lens systems. 
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10. An electron gun assembly according to claim 9, cathode, said third, fourth and fifth electrodes and said 
in which the axial length of said fourth electrode is fifth, sixth and seventh electrodes forming respective 
larger than the diameter thereof. unipotential type lens systems. 

1. An electron gun assembly according to claim 6, 12. An electron gun assembly according to claim 11, 
wherein said two electron lens systems are formed of 5 in which the axial length of said fifth electrode is larger 
successively aligned first, second, third, fourth, fifth, than the diameter thereof. 
sixth and seventh electrodes on the same axis as said a sk. k. k it 
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