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(54) Colour picture tube device

(57) A color picture tube device in which a lens is
generated in an area through which a plurality of elec-
tron beams pass, so as to be positioned, in a tube axis
direction, between a phosphor screen and an end of a
core nearest the electron gun. The lens has a horizontal
focusing effect that focuses each of the electron beams

in the horizontal scanning direction. Furthermore, an in-
terval between at least the two outermost of the plurality
of electron beams is adjusted, so that the interval at a
time of the electron beams entering the lens widens as
the degree of horizontal deflection by a horizontal de-
flection coil increases.
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Description

[0001] This application is based on application no.
2002-174926 filed in Japan, the content of which is here-
by incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] The present invention relates to a color picture
tube device that deflects a plurality of electron beams
emitted from an inline electron gun to display a color im-
age on a phosphor screen.

2. Related Art

[0003] In a color picture tube device having an inline
electron gun in which cathodes corresponding to the
colors red (R), green (G) and blue (B) are aligned in a
horizontal scanning direction (hereinafter simply "hori-
zontal direction"), the three electron beams emitted from
the electron gun are required to meet at an appropriate
position on a phosphor screen (this is referred to as
"convergence"). Methods of convergence widely used
in the prior art include self-convergence and dynamic
convergence.
[0004] In self-convergence, convergence is conduct-
ed by generating non-uniform deflection magnetic fields
for deflecting the electron beams, and this generally in-
volves distorting a horizontal deflection magnetic field
and a vertical deflection magnetic field into a pincushion
shape and a barrel shape, respectively. That is, by cre-
ating differences in the deflection amount of each of the
three electron beams as they travel through the deflec-
tion magnetic fields, the three electron beams are made
to converge throughout the phosphor screen.
[0005] In dynamic convergence, the three electron
beams are made to converge throughout the phosphor
screen by generating a magnetic field (dynamic conver-
gence magnetic field) that dynamically changes the an-
gle of the two side electron beams before the electron
beams are deflected, and changing an intensity of the
magnetic field according to the deflection amount.
[0006] Incidentally, in the field of color picture tube de-
vices, further improvements in resolution, particularly in
the horizontal direction, are being sought in response to
the rapid improvements in display density and increases
in display screen size in recent years.
[0007] However, with the self-convergence method,
the electron beam spots on the phosphor screen be-
come horizontally narrow and elongated (distorted),
particularly in peripheral areas of the phosphor screen
in the horizontal direction, due to the deflection magnetic
fields also becoming increasingly distorted with increas-
es in the degree of horizontal deflection, and thus im-
proving resolution in the horizontal direction (hereinafter
simply "horizontal resolution") is proving difficult at

present.
[0008] On the other hand, in the case of dynamic con-
vergence, it is normally possible to suppress deteriora-
tion in horizontal resolution to a greater extent than with
self-convergence, because of being able to use uniform
magnetic fields having no distortion as deflection mag-
netic fields. However, the fact remains that the shape of
the electron beam spots in horizontally peripheral areas
of the phosphor screen become distorted, and thus
overall improvements in horizontal resolution are
sought.

SUMMARY OF THE INVENTION

[0009] In view of the above issues, an object of the
present invention is to provide a color picture tube de-
vice that allows for improvements in horizontal resolu-
tion, even in the case of self-convergence and dynamic
convergence.
[0010] The above object is achieved by a color picture
tube device in which a plurality of electron beams emit-
ted from an inline electron gun are deflected using a de-
flection yoke that includes a horizontal deflection coil, a
vertical deflection coil and a core, and made to converge
on a phosphor screen to display a color image. The color
picture tube device includes: a lens generating unit op-
erable to generate a lens in an area through which the
electron beams pass, so as to be positioned, in a tube
axis direction, between the phosphor screen and an end
of the core nearest the electron gun, the lens having a
horizontal focusing effect that focuses each electron
beam in a horizontal scanning direction; and a beam in-
terval adjusting unit operable to adjust a beam interval
between at least the two outermost electron beams, so
that the beam interval, at a time of the electron beams
entering the lens, widens as a degree of horizontal de-
flection by the horizontal deflection coil increases.
[0011] According to this structure, it is possible to re-
duce the image magnification of electron beams to the
phosphor screen across an entire area of the screen in
the horizontal direction (i.e. reduce a spot diameter, in
the horizontal direction, of electron beams on the phos-
phor screen), and as a result distortion can be reduced
even in peripheral areas of the phosphor screen in the
horizontal direction, and improvements in horizontal
resolution achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] These and other objects, advantages and fea-
tures of the invention will become apparent from the fol-
lowing description thereof taken in conjunction with the
accompanying drawings that illustrate a specific embod-
iment of the present invention.
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In the drawings:

[0013]

Fig.1 is a side view showing an outside of a color
picture tube device according to an embodiment of
the present invention;
Fig.2 is a perspective view showing an exemplary
structure of a deflection yoke of the embodiment of
the present invention;
Fig.3 is a partial cross-sectional view showing an
upper half of a cross section that cuts the deflection
yoke along a plane which is perpendicular to a hor-
izontal direction (direction of X axis) and includes a
tube axis;
Fig. 4 schematically shows the gradual widening of
an interval between the two outermost of a plurality
of electron beams;
Fig.5 depicts a structure and an effect of a magnetic
lens generated by a quadrupole coil;
Figs.6A-6C show an exemplary magnetic flux den-
sity distribution of a quadrupole magnetic field when
vertical deflection is not conducted;
Fig.7 depicts an adjustment of the magnetic flux
density distribution of a quadrupole magnetic field;
and
Fig.8 depicts a magnetic field generated between
both poles of an upper coil and a magnetic field gen-
erated between both poles of a lower coil.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0014] The following description relates to an embod-
iment of a color picture tube device pertaining to the
present invention, with reference to the drawings.

(1) Overall Structure of Color Picture Tube Device

[0015] Fig.1 is a side view showing an outside of the
color picture tube device pertaining to the embodiment
of the present invention. The color picture tube device
includes an envelope constituted by a panel 10 having
a phosphor screen formed on an inner surface thereof
and a funnel 20, an inline electron gun 30 that is installed
within a neck of funnel 20 and emits three electron
beams toward the phosphor screen, and a deflection
yoke 100 mounted around the outside of funnel 20. In
the present embodiment, an electron gun that emits
three horizontally aligned electron beams along a tube
axis so as to be parallel with each other is used as elec-
tron gun 30, the three electron beams being in a sub-
stantially parallel state when they enter a horizontal de-
flection magnetic field. Also, while the following descrip-
tion relates to an arrangement of the electron beams be-
ing in the order B, G, R when viewed from the phosphor
screen, this arrangement may be altered.
[0016] Deflection yoke 100 forms deflection magnetic

fields within funnel 20 to deflect the electron beams
emitted from electron gun 30.
[0017] Fig.2 is a perspective view showing an exem-
plary structure of deflection yoke 100 of the present em-
bodiment. Fig. 3 is a partial cross-sectional view show-
ing an upper half of a cross section that cuts deflection
yoke 100 along a plane which is perpendicular to a hor-
izontal scanning direction (direction of X axis; hereinaf-
ter simply "horizontal direction") and includes the tube
axis (Z axis). Deflection yoke 100 is, from a central side
(funnel 20 side) to an outer side, structured from a hor-
izontal deflection coil 110, an insulating frame 120, a
vertical deflection coil 130, and a ferrite core 140.
[0018] Horizontal deflection coil 110 consists of a pair
of horizontal coils 110a and 110b formed from a conduc-
tor wound into a saddle shape. Horizontal coils 110a and
110b are formed such that respective windows 111a and
111b in a central part thereof face each other, and are
disposed so as to follow and contact closely with an in-
ner surface of insulating frame 120. Vertical deflection
coil 130, as with horizontal deflection coil 110, consists
of a pair of vertical coils formed from a conductor wound
into a saddle shape, and ferrite core 140 is provided to
encompass vertical deflection coil 130. Ferrite core 140
functions to form a magnetic core or the like with respect
to the deflection magnetic fields generated by horizontal
deflection coil 110 and vertical deflection coil 130.
[0019] In the present embodiment, a coil for generat-
ing a lens (in the present embodiment, a magnetic lens
generated by a quadrupole magnetic field) is provided
in each of widows 111a and 111b Hereinafter, the coils
provided in windows 111a and 111b are referred to re-
spectively as upper coil 151 and lower coil 152. The
magnetic lens is formed by upper coil 151 and lower coil
152 (hereinafter referred to collectively as "quadrupole
coil" 150), and the three electron beams are converged
on the phosphor screen formed on the inner surface of
panel 10. A detailed description of the effect of quadru-
pole coil 150 is given later.
[0020] The positioning of the various parts in deflec-
tion yoke 100 of the present embodiment will now be
described briefly with reference to Fig.3. In Fig.3, a po-
sition of the front part of quadrupole coil 150 nearest the
phosphor screen is set as the reference point (Z=0)
along the tube axis, the phosphor screen end being the
positive direction and the electron gun end being the
negative direction from this reference point. Horizontal
deflection coil 110 is located from -50 to 23 (in millimeter
units), vertical deflection coil 130 is located from -50 to
10, and ferrite core 140 is located from -45 to 4. The
core of quadrupole coil 150 is located from -26 to 0. The
core of quadrupole coil 150 has a width of 15mm, and
is embedded in insulating frame 120 in an area of win-
dows 111a and 111b.
[0021] A horizontal sawtooth deflection current corre-
sponding to a horizontal deflection frequency is passed
through horizontal deflection coil 110. As a result, hori-
zontal deflection coil 110 generates a magnetic field in
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the vertical scanning direction (hereinafter simply "ver-
tical direction") within funnel 20, and deflects the elec-
tron beams in the horizontal direction. A vertical saw-
tooth deflection current corresponding to a vertical de-
flection frequency is passed through vertical deflection
coil 130. As a result, vertical deflection coil 130 gener-
ates a magnetic field in the horizontal direction within
funnel 20, and deflects the electron beams in the vertical
direction.
[0022] In the present embodiment, a quadrupole
magnetic lens is generated by quadrupole coil 150, this
lens having a converging effect in the horizontal direc-
tion. A magnetic field distribution of the horizontal mag-
netic field generated by horizontal deflection coil 110 is
the same pincushion magnetic field used in a normal
self-convergence method. As a result of this magnetic
field distribution, the three electron beams, whose inter-
val at a time of entering the lens gradually widens in syn-
chronization with the horizontal deflection, are subject-
ed to the horizontal converging effect of the magnetic
lens and converged on the phosphor screen.
[0023] Fig.4 schematically shows the interval be-
tween the three electron beams gradually widening. Fig.
4 is a view from above (i.e. vertical direction) of the paths
of the three horizontally aligned electron beams. An in-
terval W (interval between R and B) between the three
electron beams 80 emitted from electron gun 30 as
shown in Fig.4 gradually widens as the electron beams
are deflected in the horizontal direction (W' >W).
[0024] In the present embodiment, horizontal resolu-
tion is further improved by gradually widening the inter-
val W of the three electron beams 80 as the electron
beams travel from a central part to either side of the hor-
izontal deflection range (i.e. as the degree of horizontal
deflection increases).
[0025] That is, the magnetic lens functions as a con-
vex lens that makes the three electron beams 80 con-
verge in the horizontal direction (this also involves each
electron beam being focused horizontally into a narrow
point by the horizontal focusing effect of the magnetic
lens).
[0026] Generally, in convex lens optics, a relation M
= S2/S1 is known to be established when M is the image
magnification, S1 is a distance from an object to the
lens, and S2 is a distance from the lens to the image.
This relation can also be applied to a magnetic lens that
functions as the above convex lens, and the relation M
= S2/S1 is basically established where, for example, S1
is the distance from the electron gun to the lens and S2
is the distance from the lens to the phosphor screen in
the tube axis direction when the electron gun is the ob-
ject point.
[0027] The smaller is image magnification M, the
smaller the image, and thus by doing the same with the
magnetic lens, and increasing S1 and reducing S2 by
bringing the lens nearer the phosphor screen allows for
the spot diameter of each electron beam on the screen
to be reduced.

[0028] The object point is actually the crossover point
of the electron beams formed within the electron gun,
and since a main lens of the electron gun functions as
a convex lens, when a convex lens resulting from the
magnetic lens is added, both of these convex lens can
be thought of as a composite lens.
[0029] Moving the magnetic lens nearer the phosphor
screen results in an angle α in Fig.4 being increased. In
other words, image magnification M is reduced when
angle α is increased, and the converging power of the
magnetic lens in the horizontal direction becomes
stronger. Since the horizontal converging power of the
magnetic lens (convex lens) has the same effect in re-
lation to each of the electron beams, the focusing power
on each electron beam is strengthened when angle α is
increased, and results in the spot diameter of each elec-
tron beam on the phosphor screen also being reduced
in the horizontal direction.
[0030] Since the distance from the electron gun to the
phosphor screen increases from central to side (both
edges) positions in the horizontal direction, if, at the time
of horizontal deflection, interval W is the same in a hor-
izontally central position as it is on the sides (i.e. if the
interval remains unchanged), angle α will be decreased
with increases in the degree of horizontal deflection, and
image magnification increased as a result.
[0031] Furthermore, since the electron beams are in-
cident upon the phosphor screen at an increasingly ob-
lique angle the further to the side they travel in the hor-
izontal direction, the beam spots becomes horizontally
elongated in shape, and since the force that horizontally
elongates the beam spots becomes stronger the further
to the sides the beams travel as a result of the pincush-
ion magnetic field, distortion in horizontally peripheral
areas of the phosphor screen is readily accentuated.
Under such conditions, increases in image magnifica-
tion in horizontal edge positions of the screen leads to
distortion in the horizontal direction being further accen-
tuated.
[0032] As such, by gradually widening interval W as
the degree of horizontal deflection increases, the
present embodiment allows for image magnification to
be reduced by ensuring that angle α is large even at the
horizontal edges of the screen, and as a result horizontal
elongation of the beam spots is suppressed, and hori-
zontal resolution is improved by reducing the horizontal
spot diameter and further reducing distortion.
[0033] As described above, the structure in the
present embodiment allows for improvements in hori-
zontal resolution as well as realizing suitable conver-
gence at all positions on phosphor screen surface 70 as
a result of interval W between the three electron beams
80 becoming gradually wider.
[0034] The magnetic field distribution of the horizontal
deflection magnetic field in the present embodiment is
set as a pincushion magnetic field used in a normal self-
convergence method, and as a result the interval in the
horizontal direction gradually widens with increases in
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the horizontal deflection of the electron beams. As a
means of widening the interval between a plurality of
electron beams as described above, this structure has
the benefit of eliminating distortion in areas above and
below a raster when the horizontal deflection magnetic
field is a pincushion magnetic field. Here, in the present
embodiment, the three electron beams, when incident
to an end part of the ferrite core nearest the electron
gun, are substantially parallel to one another.
[0035] To fine-adjust convergence in peripheral areas
of the screen, the distribution of the pincushion magnetic
field may be adjusted. If this is insufficient, the quadru-
pole magnetic lens may be adjusted so that the strength
of the horizontal converging effect gradually changes
from central to edge positions in the horizontal direction.
[0036] While in the present embodiment, quadrupole
coil 150 is embedded in insulating frame 120 of the de-
flection yoke to generate a quadrupole magnetic lens,
the image magnification of electron beams to the phos-
phor screen may, as described above, be reduced by
moving a lens having a horizontal converging effect as
near as possible to the phosphor screen, and thus al-
lowing for reductions in the horizontal diameter of elec-
tron beam spots on the screen and improvements in hor-
izontal resolution, while at the same time widening the
interval between the side beams (R,B) in synchroniza-
tion with the horizontal deflection and realizing conver-
gence at both edges of a phosphor screen in the hori-
zontal direction, as a result of the pincushion magnetic
field of the horizontal deflection coil and the horizontal
strength distribution of the horizontal converging effect
of the lens.
[0037] The effect of the quadrupole magnetic lens
generated by quadrupole coil 150 will now be described
in detail. Fig.5 shows, as viewed from the phosphor
screen, upper coil 151 and lower coil 152, as well as the
three electron beams (R,G,B) that pass between these
coils. In the present embodiment, upper coil 151 and
lower coil 152 are formed by winding a conductor 40
around respective core pieces made of nickel ferrite,
and a steady-state current is passed through conductor
40. While the number of winds of the coils may be ad-
justed arbitrarily, the upper and lower coils both have
100 winds in the present embodiment.
[0038] As a result of this structure, magnetic poles are
created at both ends of each coil by having the upper
and lower coils function as magnet coils, and the quad-
rupole magnetic field shown in Fig.5 is generated. The
electron beams are subjected to the effect of the hori-
zontal force resulting from a magnetic field 1511 having
a vertical component from the north pole of upper coil
151 to the south pole of lower coil 152, and a magnetic
field 1521 having a vertical component from the north
pole of lower coil 152 to the south pole of upper coil 151.
[0039] The vertical component of this quadrupole
magnetic field has the magnetic flux density distribution
shown in Figs.6A, 6B and 6C depending on a position
in the horizontal direction, where By is the magnetic flux

density. The following description relates to adjusting
the magnetic flux density distribution in the present em-
bodiment, with reference to Fig.7. The magnetic flux
densities distribution shown in Figs.6A to 6C can be se-
lected by adjusting the positional relationship of the four
poles of the upper and lower coils shown in Fig.7; that
is, a north pole 151N and a south pole 151S of upper
coil 151 and a north pole 152N and a south pole 152S
of lower coil 152.
[0040] For example, under conditions in which a width
Xp and a length Yp of quadrupole coil 150 in the hori-
zontal and vertical directions, respectively, are greater
than an interval Xbr between side beams (B,R) in Fig.
7, the distribution shown in Fig.6A is realized when Xp
is large and Yp is small. Conversely, the Fig.6B distri-
bution is realized when Xp is small and Yp is large. The
Fig.6C distribution is realized when a value of both Xp
and Yp is suitably adjusted while being kept substantial-
ly equal.
[0041] Here, X indicates a horizontal displacement
from the tube axis in the distributions shown in Figs.6A
to 6C. The peak absolute values of the magnetic flux
density are in areas in the X-axis direction not shown in
Figs.6A to 6C. These two peaks are adjusted to be in
positions outside of areas through which the three elec-
tron beams pass, and the position through which the
three electron beams pass between these peaks varies
depending on the deflection effect.
[0042] With respect to all of these distributions, when
there is no deflection effect from the horizontal deflec-
tion magnetic field (i.e. when the central electron beam
(G) of the three electron beams is in a horizontally cen-
tral position as shown in Fig.5), the center of the central
electron beam (G) corresponds to the distribution X= 0
shown in Figs.6A to 6C, and is thus not subjected to the
influence of the quadrupole magnetic field. On the other
hand, both side beams (B,R) are subjected to a force
that brings the side beams nearer the central beam due
to the vertical components of the quadrupole magnetic
field, which have substantially the same intensity and
opposite polarity. Thus the three electron beams are
subjected to a converging effect in the horizontal direc-
tion and made to converge. That is, a magnetic lens hav-
ing the above converging effect is generated by the
quadrupole magnetic field.
[0043] Consequently, when designing the quadrupole
magnetic field, first the intensity (equates to the slope in
the Fig.6A-6C graphs) of a central part of the quadrupole
magnetic field is designed such that the three electron
beams converge around a central area of the phosphor
screen. When electron beams are deflected horizontal-
ly, the electron beams need to be made to converge in
horizontally peripheral areas of the phosphor screen
distant from the center.
[0044] As such, in the present embodiment, the dis-
tribution of the horizontal deflection magnetic field re-
sulting from the horizontal deflection coil is set to be a
pincushion magnetic field, and as a result of this deflec-
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tion magnetic field distribution and the horizontal con-
verging effect of the magnetic lens, it is possible to re-
duce image magnification and achieve improvements in
resolution and convergence in horizontally peripheral
areas of the phosphor screen, while at the same time
widening the horizontal interval between both side elec-
tron beams (B,R) as the degree of horizontal deflection
increases, and have the three electron beams converge
at points distant from the phosphor screen center.
[0045] Here, when even more rigorous convergence
is required, the distribution of the quadrupole magnetic
field can be adjusted. The following description relates
to this adjustment.
[0046] While the three electron beams are subjected
to the converging effect of the quadrupole magnetic field
that makes them approach one another, even when hor-
izontally deflected, this quadrupole magnetic field is
nearer the phosphor screen than an electron gun end
of the deflection magnetic field area, and thus the posi-
tion of the three electron beams in the quadrupole mag-
netic field varies depending on the deflection amount.
That is, because the position of the three electron
beams passing through the quadrupole magnetic lens
shifts in the horizontal direction, the intensity (slope of
Fig.6A-6C graphs) of the quadrupole magnetic lens at
horizontal positions through which the electron beams
pass also varies according to the degree of horizontal
deflection.
[0047] Here, when convergence is viewed rigorously,
it is necessary to have, as the intensity distribution of
the quadrupole magnetic field, a distribution in which the
converging effect strengthens from central to side areas
of the phosphor screen in the horizontal direction, in the
case of there being a tendency for the interval between
the electron beams to widen when the three electron
beams reach the phosphor screen at increasing de-
grees of horizontal deflection (Fig. 6A distribution).
[0048] Conversely, it is necessary to have, as the in-
tensity distribution of the quadrupole magnetic field, a
distribution in which the converging effect weakens from
horizontally central to side areas of the phosphor
screen, when there is a tendency for the point at which
the three electron beams converge to move nearer the
electron gun from the phosphor screen as the degree of
horizontal deflection increases (Fig.6B distribution).
[0049] In cases in which the above adjustments are
not required, the intensity distribution of the quadrupole
magnetic field may have a converging effect of regular
strength from horizontally central to side areas of the
phosphor screen, and thus the Fig.6C distribution is ac-
ceptable.
[0050] As a result of this structure, it is possible to
have the electron beams converge precisely from cen-
tral to horizontally peripheral parts of the phosphor
screen, as well as it being possible to improve resolution
in the horizontal direction.
[0051] While it is possible to vary the converging ef-
fect by synchronizing the intensity of the quadrupole

magnetic field with the horizontal deflection, the high
horizontal deflection frequency results in a number of
undesirable effects such as increases in power con-
sumption and circuit load. According to the present in-
vention, it is possible to achieve improvements in reso-
lution and convergence using a simple structure, without
requiring a structure that allows for the converging effect
to be varied using horizontal deflection synchronization.
[0052] As described above in the present embodi-
ment, by using a pincushion magnetic field as the hori-
zontal deflection magnetic field and generating a mag-
netic lens that is positioned between the phosphor
screen and the electron gun end of the ferrite core of the
deflection yoke in the tube axis direction, and provides
a plurality of electron beams with a converging effect in
the horizontal direction, and thus widening the interval
between at least the outermost beams of a plurality of
electron beams following horizontal deflection, it is pos-
sible to obtain excellent convergence, as well as improv-
ing resolution in the horizontal direction from horizontal-
ly central to peripheral parts of the phosphor screen.
[0053] Here, although in the present embodiment a
detailed description of the workings of the vertical de-
flection effect has been omitted, correspondence is fun-
damentally possible by adjusting the magnetic field dis-
tribution of a conventional vertical deflection coil. More
specifically, it is possible to adjust the magnetic field dis-
tribution of the vertical deflection coil so that the barrel
magnetic field is strengthened. When this alone is insuf-
ficient, the structure is preferably one in which the con-
verging effect of the magnetic lens in the horizontal di-
rection weakens depending on the intensity of the ver-
tical deflection magnetic field. More specifically, it is pos-
sible to change the converging effect of the magnetic
lens in the horizontal direction in synchronization with
the vertical deflection. Since the vertical deflection fre-
quency is low at around a few dozen hertz, varying the
converging effect in synchronization with the vertical de-
flection can be easily realized without high power con-
sumption, a complex circuitry structure, or the like. Also
acceptable is a structure having a lens strength distri-
bution in which the converging effect in the horizontal
direction weakens from central to vertically peripheral
areas of the phosphor screen.

Variations

[0054] While the present invention has been de-
scribed above based on the embodiment, the content of
the present invention is, of course, not limited to the spe-
cific examples given in the above embodiment, and var-
iations such as those described below are considered
acceptable.

(1) Although in the above embodiment a pincushion
magnetic field is used as the horizontal deflection
magnetic field distribution of the horizontal deflec-
tion coil, as a means (beam interval adjusting unit)
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of widening the interval between the three electron
beams following horizontal deflection, as long as
the same effects can be achieved, it is not absolute-
ly necessary to use a horizontal deflection magnetic
field distribution.

For example, it is possible to provide an angle
adjusting unit that is positioned between the elec-
tron gun and the end of the core nearest the electron
gun in the tube axis direction of the deflection yoke,
and bends at least the outermost electron beams,
with respect to the central electron beam of the plu-
rality of electron beams, so that the interval between
the beams widens in the horizontal direction.

More specifically, by, for example, providing, as
the angle adjusting unit, a magnetic field generating
unit 180 (broken lines in Fig.1) that generates a
magnetic field (dynamic convergence magnetic
field) which changes the angle of the two outermost
electron beams before the electron beams are de-
flected, and changing an intensity of the magnetic
field depending on the amount of horizontal deflec-
tion, as in the case of dynamic convergence, it is
possible to widen the interval between the three
electron beams together with the horizontal deflec-
tion, and easily realize convergence in horizontally
peripheral areas of the phosphor screen, while at
the same time improving horizontal resolution
across an entire surface of the phosphor screen.

In this case, the horizontal deflection magnetic
field distribution of the horizontal deflection coil is
not limited to the pincushion magnetic field de-
scribed in the above embodiment, and depending
on the effect of the dynamic convergence magnetic
field, the intensity of the pincushion magnetic field
may be weakened, or a uniform magnetic field dis-
tribution or a barrel magnetic field employed, to thus
achieve comprehensive design that takes account
of other characteristics.

In other words, if the interval between the two
outermost beams at a time of entering the magnetic
field lens can be widened as the degree of horizon-
tal deflection increases, it is possible to reduce im-
age magnification even at the edge of the phosphor
screen, and thus improve horizontal resolution.

(2) Furthermore, although coils for generating a
quadrupole magnetic field are provided in the above
embodiment, it is also possible to use a magnet for
generating a quadrupole magnetic field in cases in
which modulating the intensity of the magnetic field
in synchronization with the vertical deflection is not
necessary. In this case, it is preferable to use a mag-
net having a small temperature coefficient and sta-
ble magnetic characteristics, such as one, for ex-
ample, formed by mixing a resin with alnico (an Al,
Ni, Co alloy). Also, a conductor may be wound
around the magnet to form a coil, and the coil used
to conduct fine adjustment.

(3) Furthermore, although in the above embodiment
two coils are disposed above and below the area
through which the electron beams pass in order to
generate a quadrupole magnetic field, the present
invention is not limited to this, and as alternative
structures that allow a quadrupole magnetic field to
be generated, it is possible, for example, to dispose
two coils in positions to the right and left of the area
through which the electron beams pass, or to posi-
tion four coils diagonally in relation to the electron
beams. Also, sextupole or octupole magnetic fields
may be used instead of a quadrupole magnetic
field. In all of these cases, however, it is of course
necessary for the magnetic poles to be disposed so
as to generate a force that makes the three electron
beams converge in the horizontal direction.

(4) As described briefly above, it is fundamentally
possible to improve convergence in relation to ver-
tical deflection of electron beams, by adjusting the
intensity of a lens through intensity adjustment of
the quadrupole magnetic field or by adjusting the
deflection magnetic field of a vertical deflection coil.
However, as shown in Fig.8, when more rigorous
convergence is demanded, there are times at which
the deflection effect on the electron beams by mag-
netic field 1512 generated between both poles of
upper coil 151 and magnetic field 1522 generated
between both poles of lower coil 152 cannot be
completely eliminated simply by adjusting lens in-
tensity or adjusting the deflection magnetic field of
the vertical deflection coil. That is, where there is
an upward deflection effect on the electron beams
resulting from magnetic field 1512 and a downward
deflection effect on the electron beams resulting
from magnetic field 1522, differences in the strength
of these deflection effects on each of the three elec-
tron beams can lead to parts that cannot be fully
compensated for by adjusting the lens strength, the
magnetic field distribution of the vertical deflection
magnetic field, and the like, and thus causing mis-
convergence in rigorous terms. Consequently,
when the deflection effect of the magnetic field can-
not be completely eliminated, a mechanism may be
provided that cancels or mitigates magnetic fields
1512 and 1522 in synchronization with the vertical
deflection.

(5) Although in the above embodiment electron gun
30 is used to emit three electron beams substantial-
ly parallel to one another, the present invention is
not limited to this, and the two side beams may be
emitted so as to be inwardly angled, or conversely
so as to be outwardly angled. In the case of there
being no deflection effect from the deflection coils,
however, it is necessary to compensate for an
amount that the two side beams are subjected to
the converging effect of the lens in the horizontal
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direction and bent inwardly, and angle the beams
outwardly before they enter the magnetic lens.

Consequently, in the case of electron guns
commonly used, in which the side beams are emit-
ted so as to be inwardly angled and, when there is
no deflection effect from the deflection coils, made
to converge at a substantially single point in a cen-
tral part of a phosphor screen, the flight path of the
electron beams may be corrected using, for exam-
ple, a simple magnetic field ("magnetic field" here
being distinct from the "deflection magnetic field")
generating device called a convergence yoke and
widely used, and as a result the amount that the two
side beams are bent inwardly by the converging ef-
fect of the magnetic lens in the horizontal direction
can be compensated for.

(6) Although in the above embodiment quadrupole
coil 150 is provided within deflection yoke 100 to
form a quadrupole magnetic lens, the position in
which the magnetic lens is provided need not over-
lap with the deflection magnetic field, and thus a
lens may be generated in a position nearer the
screen than deflection yoke 100.

(7) Although in the above embodiment a magnetic
lens is used as a lens to converge the electron
beams in the horizontal direction, the lens is not lim-
ited to only a magnetic lens, and it is possible, for
example, to have a structure that includes an elec-
trostatic lens. In a structure in which, for example,
a known color-selection electrode (shadow mask,
etc.) and a known internal magnetic shield that en-
closes an area within funnel 20 through which the
three electron beams pass and is for shielding the
magnetic field from external terrestrial magnetism
and the like, it is possible to form an electrostatic
lens by generating a predetermined potential differ-
ence between the color-selection electrode and the
internal magnetic shield.

(8) Although the above embodiment was described
in relation to using a single magnetic lens, the lens
may be divided into two or more parts in the tube
axis direction, and this further improves the degree
of design freedom. In particular, it is possible to ad-
just convergence and raster distortion in relative in-
dependence of one another by putting at least one
of these parts within a core of the deflection yoke
and generating at least one of the remaining parts
in a position outside of the core and up to the phos-
phor screen, thus allowing design for both adjust-
ments to be readily conducted.

[0055] Although the present invention has been fully
described by way of examples with reference to the ac-
companying drawings, it is to be noted that various
changes and modifications will be apparent to those

skilled in the art. Therefore, unless such changes and
modifications depart from the scope of the present in-
vention, they should be construed as being included
therein.

Claims

1. A color picture tube device in which a plurality of
electron beams emitted from an inline electron gun
are deflected using a deflection yoke that includes
a horizontal deflection coil, a vertical deflection coil
and a core, and made to converge on a phosphor
screen to display a color image, comprising:

a lens generating unit operable to generate a
lens in an area through which the electron
beams pass, so as to be positioned, in a tube
axis direction, between the phosphor screen
and an end of the core nearest the electron gun,
the lens having a horizontal focusing effect that
focuses each electron beam in a horizontal
scanning direction; and
a beam interval adjusting unit operable to ad-
just a beam interval between at least the two
outermost electron beams, so that the beam in-
terval, at a time of the electron beams entering
the lens, widens as a degree of horizontal de-
flection by the horizontal deflection coil increas-
es.

2. The color picture tube device of claim 1, wherein a
strength of the horizontal focusing effect of the lens
changes depending on the degree of horizontal de-
flection.

3. The color picture tube device of claim 1, wherein
the lens has the horizontal focusing effect, at least
when the electron beams are not deflected by a de-
flection effect of the vertical and horizontal deflec-
tion coils.

4. The color picture tube device of claim 1, wherein a
position at which each electron beam passes
through the lens moves in the horizontal scanning
direction in response to a horizontal deflection ef-
fect of the horizontal deflection coil.

5. The color picture tube device of claim 1, wherein
the lens has a lens strength distribution in which a
strength of the horizontal focusing effect gradually
changes from a center to a periphery of the phos-
phor screen in the horizontal scanning direction.

6. The color picture tube device of claim 5, wherein
the strength of the horizontal focusing effect grad-
ually increases from the center to the periphery of
the phosphor screen in the horizontal scanning di-
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rection.

7. The color picture tube device of claim 1, wherein
the horizontal deflection coil generates a deflection
magnetic field distribution that is a pincushion mag-
netic field.

8. The color picture tube device of claim 7, wherein
the pincushion magnetic field is used as at least part
of the beam interval adjusting unit.

9. The color picture tube device of claim 1, wherein at
a position corresponding to the end of the core near-
est the electron gun in the tube axis direction, the
electron beams are each substantially parallel with
the tube axis, at least when the electron beams are
not deflected by a deflection effect of the vertical
and horizontal deflection coils.

10. The color picture tube device of claim 1, comprising:

an angle adjusting unit disposed between the
electron gun and the end of the core nearest
the electron gun in the tube axis direction, and
operable to bend at least the two outermost
electron beams with respect to a central elec-
tron beam, so that a beam interval therebe-
tween widens in the horizontal scanning direc-
tion.

11. The color picture tube device of claim 10, wherein
the angle adjusting unit adjusts an angle of the
bending by generating a magnetic field.

12. The color picture tube device of claim 10, wherein
the angle adjusting unit is used as at least part of
the beam interval adjusting unit.

13. The color picture tube device of claim 1, wherein
the lens is structured from a plurality of lenses.

14. The color picture tube device of claim 1, wherein at
least part of the lens is a magnetic lens.

15. The color picture tube device of claim 1, wherein at
least part of the lens generating unit is constituted
by a magnet coil.

16. The color picture tube device of claim 1, wherein at
least part of the lens generating unit is constituted
by a magnet.
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