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(54) Electron gun for color cathode ray tube

(57) The present invention discloses an electron
gun for a color cathode ray tube. In order to efficiently
penetrate a speed modulation magnetic field of a veloc-
ity modulation coil, at least two focus electrodes of main

electrodes receiving a fixed focus voltage are arranged
in a row in the electron gun. When a sum of lengths of
the focus electrodes is 'L' and a sum of intervals of the
electrodes is 'g', '(g3100)/L = 5,30(%)' is satisfied.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to an electron
gun for a color cathode ray tube (CRT), and in particular
to an electron gun for a color CRT with an improved elec-
trode structure and shape in order to reduce a spot di-
ameter influencing a focus of an electron beam.

2. Description of the Related Art

[0002] Fig. 1 is a schematic structure view illustrating
a related CRT.
[0003] Referring to Fig. 1, a plurality of electrodes are
formed on an in-line electron gun for the CRT. The plu-
rality of electrodes are positioned at predetermined in-
tervals in a vertical direction to a path of an electron
beam 13, so that the electron beam 13 generated in
cathodes 3 can reach a screen 17 in a predetermined
strength.
[0004] In detail, the plurality of electrodes include a
first electrode 4 which is a common lattice of three cath-
odes 3 and another three cathodes 3 arranged sepa-
rately from the cathodes 3, a second electrode 5 ar-
ranged at a predetermined interval from the first elec-
trode 4, a third electrode 6, a fourth electrode 7, a fifth
electrode 8 and a sixth electrode 9.
[0005] In addition, a shield cup 10 having a BSC 11
for electrically connecting the electron gun to the tube
and fixing the electron gun to a neck unit of the tube is
formed on the sixth electrode 9.
[0006] The operation of the electron gun will now be
explained. In the electron gun, electrons are emitted
from stem pins 1 by a heater 2 of the cathode 3. The
electron beam 13 is controlled by the first electrode 4
which is a control electrode, accelerated by the second
electrode 5 which is an accelerating electrode, and par-
tially focused and accelerated by a full space focus lens
formed among the second electrode 5, the third elec-
trode 6, the fourth electrode 7 and the fifth electrode 8.
[0007] The electron beam is mostly focused and ac-
celerated by the sixth electrode 9 which is synchronized
with a deviation signal to form a quadrupole lens for
compensating for astigmatism generated by a deflection
yoke, which receives a variable voltage and which is a
main lens formation electrode called a focus electrode,
and the seventh electrode 10 which is an anode elec-
trode, passes through a shadow mask 15 formed inside
a fluorescent surface 16, and collides the fluorescent
surface 16, to emit light.
[0008] The deflection yoke 12 for deviating the elec-
tron beam 13 emitted from the electron gun to the whole
surface of the screen 17 is positioned outside the elec-
tron gun, thereby embodying the screen.
[0009] A velocity modulation (VM) coil 18 synchro-

nized with an image signal of a circuit is formed on the
neck unit of the CRT having the related electron gun. In
one major aspect of the invention, the VM coil 18 is used
to reduce the spot diameter.
[0010] In design properties of the electron gun, a lens
magnification, a space charge repulsive force and a
spherical aberration of a main lens influence the spot
diameter of the screen.
[0011] Such properties will now be explained in more
detail.
[0012] The variation of the spot diameter Dx due to
the lens magnification is rarely used as a design factor
of the electron gun and less effective, since basic volt-
age conditions, a focal distance and a length of the elec-
tron gun are previously determined.
[0013] The space charge repulsive force is a spot di-
ameter magnification phenomenon resulting from repul-
sion and collision of electrons of the electron beam. In
order to restrict magnification of the spot diameter Dst
due to the space charge repulsive force, a progressing
angle of the electron beam (hereinafter, referred to as
'divergence angle'; α) is preferably set up to be in-
creased.
[0014] In the spherical aberration property of the main
lens, the spot diameter Dic is magnified due to difference
in the focal distance between electrons passing through
a radical axis of the lens and electrons passing through
a protaxis thereof. Oppositely to the space charge re-
pulsive force, when the divergence angle of the electron
beam incident on the main lens is decreased, the spot
diameter is embodied small on the screen.
[0015] As explained above, the spot diameter Dt on
the screen is represented by the following formula as
adding up of three factors:

[0016] Especially, a method for magnifying a diameter
of a main lens has been suggested to reduce the space
charge repulsive force and the spherical aberration.
[0017] Since the diameter of the main lens is magni-
fied, if an electron beam having a large divergence angle
is incident, magnification of the spots due to the spher-
ical aberration is restricted, and the space charge repul-
sive force after passing through the main lens unit is de-
creased, thereby embodying small spots on the screen.
[0018] Fig. 2 is an experimental result showing varia-
tions of the spot diameter by the main lens diameter.
[0019] As shown in the graph of Fig. 2, when the di-
ameter of the main lens is increased, the magnification
of the spot diameter due to the spherical aberration of
the main lens is restricted, thereby reducing the spot di-
ameter on the screen.
[0020] Generally, the fifth electrode receiving a high
voltage and the sixth electrode synchronized with the
deviation signal for receiving a variable voltage are
called focus electrodes. A length of the focus electrode

Dt = (Dx + Dst)
2 + Dic
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is an important factor for determining a voltage ratio (%:
focus/high voltage) of the electron gun. Here, the sixth
electrode is used to compensate for astigmatism of the
deflection yoke. When it is not necessary to improve res-
olution and clearness of a peripheral screen unit, the
sixth electrode may not be employed.
[0021] A method for mechanically magnifying a hole
diameter of a main lens formation electrode and a meth-
od for increasing a depth of an electrostatic field control
electrode for correcting a lens have been taught as
methods for magnifying a main lens unit.
[0022] It is almost impossible to mechanically in-
crease the hole diameter of the electrode due to
φ29.1mm of a neck diameter, and thus difficult to im-
prove quality of focus.
[0023] Accordingly, a circuit of a chassis driving the
CRT is appropriately controlled to reduce the spot diam-
eter on the screen and improve resolution, so that a dif-
ferential signal of an image signal for scanning the elec-
tron beam to the screen is synchronized with the coil of
the neck unit of the CRT having the electron gun, and
the electron beam is evenly modulated in a deviation
speed by a deviation magnetic field of the deflection
yoke. As a result, resolution and clearness of the screen
are improved.
[0024] Fig. 3 is a schematic view illustrating an oper-
ation principle of the VM coil.
[0025] In order to optimize the method for improving
resolution on the circuit, a whole length of the electrode
receiving a fixed focus voltage must be sufficiently short,
and an interval must be sufficiently prepared so that a
speed modulation magnetic field due to current synchro-
nized with the image signal of the coil can be efficiently
penetrated thereinto.
[0026] The structure of the related electron gun is not
suitable to maximize the effect of the coil.
[0027] In general, a center of the magnetic field gen-
erated by the coil is positioned adjacently to the fifth
electrode receiving a relatively high voltage. A length of
the electrode is increased for the required voltage ratio
in design.
[0028] As compared with alignment of small compo-
nents, to increase the length of the electrode can cut
down production expenses and simplify a production
process.
[0029] However, the structure of the electron gun by
the simplified long electrode deteriorates speed modu-
lation effects due to the magnetic field of the coil, thus
restricting improvement of the resolution.

SUMMARY OF THE INVENTION

[0030] It would therefore be desirable to provide an
electron gun which can maximize an operation of a VM
coil synchronized with a differential signal of an image
signal, by arranging at least two focus electrodes receiv-
ing a fixed focus voltage in a row among main electrodes
including an anode electrode and cathode electrodes,

and by maintaining an appropriate interval between the
focus electrodes receiving the fixed focus voltage.
[0031] The invention provides an electron gun for a
cathode ray tube having a cathode for emitting an elec-
tron beam to a fluorescent screen, the electron gun hav-
ing an anode electrode of a screen side and focus elec-
trodes of a cathode side, and a VM coil using a position
of the focus electrode as a center of a magnetic field,
being positioned on a neck unit of the cathode ray tube,
and being synchronized with an image signal of a circuit,
the electron gun including at least two focus electrodes
of main electrodes receiving a fixed focus voltage,
wherein, when a sum of lengths of the focus electrodes
is 'L' and a sum of intervals of the electrodes is 'g', '
(g3100)/L = 5,30(%)' is satisfied.
[0032] In one aspect of the present invention, resolu-
tion of the screen is improved by minimizing a screen
spot diameter by 15 to 30% in a horizontal direction.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The above objects, features and advantages
of the present invention will become more apparent from
the following detailed description when taken in con-
junction with the accompanying drawings, in which:

Fig. 1 is a schematic view illustrating a general CRT;
Fig. 2 is a graph showing variations of a spot diam-
eter by a main lens diameter;
Fig. 3 is a view illustrating an operation principle of
a VM coil;
Figs. 4a to 4d are structure views illustrating a re-
lated electron gun and an electron gun in accord-
ance with the present invention;
Figs. 5a to 5c are graphs showing variations of a
spot diameter by focus electrodes receiving a fixed
focus voltage and a coil synchronized with a differ-
ential signal of an image signal;
Fig. 6a is a structure view illustrating the electron
gun in accordance with the present invention; and
Fig. 6b is a structure view illustrating the electron
gun including an electrode for applying a variable
focus voltage in accordance with the present inven-
tion.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0034] A preferred embodiment of the present inven-
tion will now be described with reference to the accom-
panying drawings. In the following description, same
drawing reference numerals are used for the same ele-
ments even in different drawings. The matters defined
in the description such as a detailed construction and
elements of a circuit are nothing but the ones provided
to assist in a comprehensive understanding of the in-
vention. Thus, it is apparent that the present invention
can be carried out without those defined matters. Also,
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well-known functions or constructions are not described
in detail since they would obscure the invention in un-
necessary detail.
[0035] In order to optimize a method for improving
resolution of a VM coil, a length of a focus electrode in
which a center of a magnetic field generated by the VM
coil is positioned and which receives a fixed focus volt-
age must be increased for a high voltage ratio. In addi-
tion, an interval of electrodes must be sufficiently pre-
pared so that a speed modulation magnetic field due to
current synchronized with an image signal of the VM coil
can be efficiently penetrated thereinto.
[0036] Similarly to the related electron gun of Fig. 1,
an electron gun main lens structure of the preferred em-
bodiment includes electrodes having an opening unit
commonly used for three electron beams, a plate-
shaped electrostatic field control electrode having three
electron beam passing holes, and a plurality of cap-
shaped stacked electrodes. The plurality of electrodes
are electrically connected by a welding process, for re-
ceiving a high voltage and a variable voltage synchro-
nized with a deviation signal.
[0037] In the main electrodes including an anode
electrode of a screen side and focus electrodes of a
cathode side, the focus electrodes are divided into an
electrode applying a variable focus voltage and elec-
trodes applying a fixed focus voltage.
[0038] At least two focus electrodes applying the fixed
focus voltage are provided.
[0039] Figs. 4a and 4b are structure views illustrating
a related electron gun, and Fig. 4c is a structure view
illustrating an electron gun where the focus electrodes
28 receiving the fixed focus voltage are arranged in a
row in accordance with the present invention.
[0040] Fig. 4d is a structure view illustrating the elec-
tron gun in accordance with the present invention. In the
electron gun, the focus electrode 31 receiving the vari-
able focus voltage and the focus electrodes 28 receiving
the fixed focus voltage are arranged in a row.
[0041] Cathodes 23 receiving an image signal, a sec-
ond electrode 25 collecting electrons emitted from the
cathodes 23 and enabling the electrons to go toward the
screen, and a first electrode 24 for preventing emission
of the electrons when a voltage corresponding to an im-
age signal for applying the electron beam to the cathode
is not transmitted are arranged in the electron gun of
Fig. 4c. In addition, a third electrode 26 for applying a
relatively high voltage, a fourth electrode 27 for applying
a relatively low voltage, and focus electrodes 28a, 28b
and 28c for applying a relatively high fixed voltage are
also arranged therein.
[0042] The main lens is formed to scan the electron
beam to the screen by a ninth electrode 29 receiving a
high voltage.
[0043] As compared with the electron gun of Fig. 4c,
the electron gun of Fig. 4d further includes an eighth
electrode 31 for forming a quadrupole lens synchro-
nized with a deviation signal of a deflection yoke, for ap-

plying the variable focus voltage and compensating for
astigmatism generated by a deflection yoke magnetic
field.
[0044] The main lens is formed to scan the electron
beam to the screen by the eighth electrode 31 and the
ninth electrode 29 receiving the high voltage, thereby
forming the screen of the CRT.
[0045] Fig. 6 is a structure view illustrating the elec-
tron gun including the focus electrode for applying the
fixed focus voltage in accordance with the present in-
vention.
[0046] The main electrodes include the anode elec-
trode 29 and the focus electrodes 28. The focus elec-
trodes 28 are composed of the electrode 31 for applying
the variable focus voltage, and the electrodes 28 for ap-
plying the fixed focus voltage.
[0047] Identically to the focus electrodes 28a, 28b and
28c of Figs. 4c and 4d, at least two focus electrodes 28
for applying the fixed focus voltage are arranged in a
row. A sum (L) of the length of the focus electrodes 28
ranges from 4mm to 30mm.
[0048] Here, when it is presumed that a sum of the
intervals g1 and g2 of the focus electrodes 28 is 'g', '
(g3100)/L = 5,30(%)' is satisfied.
[0049] Experimental results for the focus electrodes
28 for receiving the fixed focus voltage and satisfying
the above formula are shown in graphs of Figs. 5a to 5c.
[0050] Figs. 5a to 5c show variations of the spot di-
ameter by the focus electrodes receiving the fixed focus
voltage and the coil synchronized with a differential sig-
nal of an image signal.
[0051] Fig. 5a is a graph showing a number of the in-
tervals of the electron gun electrodes, especially the fo-
cus electrodes being positioned at the center of a coil
operation magnetic field, and receiving the fixed focus
voltage, namely a number of the intervals of the fifth
electrode 28a, the sixth electrode 28b and the seventh
electrode 28c of Fig. 4, and a reduction amount of the
screen spot due to a speed modulation magnetic field
of the coil. The more the number of the intervals is in-
creased, the better effects are obtained.
[0052] Fig. 5b is a graph showing a length of the in-
tervals of the focus electrodes 28 and the reduction
amount of the screen spot due to the speed modulation
magnetic field of the coil. When the length of the inter-
vals ranges from about 0.6 to 1.2mm, the operation of
the coil is maximized.
[0053] Fig. 5c is a graph showing relation of a total
length of the electron gun and the speed modulation
magnetic field of the coil. The electron gun inserted into
the CRT has a proportional period.
[0054] According to the data of Figs. 5a to 5c, the
number of the intervals of the focus electrodes 28 is at
least one, and the length of the intervals preferably rang-
es from 0.6 to 1.2mm. Although the long total length of
the electron gun is advantageous, it is not effective over
a predetermined level.
[0055] When a sample is produced and measured un-
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der the above conditions, the size of the spots on the
screen can be reduced by about 15 to 30% in a horizon-
tal direction.
[0056] In accordance with the present invention, in or-
der to reduce the spot diameter remarkably influencing
the focus, the whole length of the focus electrode receiv-
ing the fixed focus voltage is maintained as it is, the fo-
cus electrode is divided into at least two electrodes to
apply the identical voltage, and the intervals of the focus
electrodes range from 0.6 to 1.2mm, thereby reducing
the spot diameter on the screen by 15 to 30% in the hor-
izontal direction.
[0057] Moreover, the electron gun can be applied with
small expenses and short period, to improve quality of
the focus in advance.
[0058] While the invention has been shown and de-
scribed with reference to certain preferred embodiments
thereof, it will be understood by those skilled in the art
that various changes in form and details may be made
therein without departing from the scope of the invention
as defined by the appended claims.

Claims

1. An electron gun for use in a cathode ray tube having
a cathode for emitting an electron beam to a fluo-
rescent screen, the electron gun having an anode
electrode of a screen side and focus electrodes of
a cathode side, and a velocity modulation coil using
a position of the focus electrode as a center of a
magnetic field, being positioned on a neck unit of
the cathode ray tube, and being synchronized with
an image signal of a circuit, the electron gun com-
prising at least two focus electrodes of main elec-
trodes receiving a fixed focus voltage, wherein
when a sum of lengths of the focus electrodes is 'L'
and a sum of intervals of the electrodes is 'g', '
(g3100)/L = 5,30(%)' is satisfied.

2. The electron gun of claim 1, wherein 'L' satisfies
'4mm < L < 30mm'.

3. The electron gun of claim 1, wherein 'g' satisfies
'0.6mm < g < 1.2mm'.

4. The electron gun of claim 1, wherein a number of
the focus electrodes is three.

5. A cathode ray tube comprising an electron gun ac-
cording to any of claims 1 to 4.
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