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@ Cathode ray tube.

@ In a cathode ray tube, a first pair of permanent
magnet pieces (27a, 27b) are arranged along a hori-
zontal direction and fixed on an end portion (26) of a
deflection unit (9) at an electron gun side in such a
manner that poles of one of magnet pieces (27a,
27b) are faced to the other poles of the other mag-
net pieces (27a, 27b). A second pair of permanent
magnet pieces (29a, 29b) are arranged along a verti-
cal direction, separated from the first pair of perma-
nent magnet pieces (27a, 27b) toward electron gun
assembly (20) and fixed on a neck portion (6) in
such a manner that poles of one of magnet pieces
(29a, 29b) are also faced to the other poles of the
other magnet pieces (29a, 29b).
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CATHODE RAY TUBE WHICH IMPROVES DEFLECTION ABERRATION

The present invention relates to a color cath-
ode ray tube which improves deflection aberration
produced by a deflection magnetic field generated
by a deflection unit, i.e., distortion of a beam spot,
thereby improving focusing characteristics, and the
deflection unit.

In general, as shown in Fig. 1, a color cathode
ray tube has an envelope 3 constituted by a panel
1 and a funnel 2. A phosphor screen 5 consisting
of three color phosphor layers for emitting blue,
green, and red light rays is formed on the inner
surface of the panel 1, and a shadow mask 4 is
arranged to oppose the phosphor screen 5. An
electron gun assembly 7 for emitting three electron
beams B, G, and R is arranged in a neck 6 of the
funnel 2. The three electron beams B, G, and R are
horizontally and vertically deflected by a defection
unit 9 mounted outside a boundary portion between
a conical portion 8 and the neck 6 of the funnel 2,
thereby scanning the phosphor screen 5. As a
result, a color image is displayed on the phosphor
screen 5.

As shown in Fig. 2, the deflection unit 8 has a
pair of horizontal deflection coils 10 for horizontally
deflecting the three electron beams and a pair of
vertical deflection coils 11 for vertically deflecting
them.

In order to correctly display an image on the
phosphor screen 5 in the color cathode ray tube
having the above arrangementi, the three electron
beams B, G, and R must be correctly converged
on all over the phosphor screen 5. For this pur-
pose, a self-convergence in-line type color cathode
ray tube is generally adopted. This color cathode
ray tube generally uses, as the electron gun as-
sembly 7, an in-line type electron gun assembly
emitting three electron beams arranged in line, the
center beam G and the pair of side beams B and R
emitted from the electron guns passing through the
same plane. In the color cathode ray tube provided
with this in-line type electron gun assembly, spe-
cific non-uniform magnetic fields as deflection
magnetic fields are formed by the defection unit 9,
thereby converging the three electron beams B, G,
and R on all over the phosphor screen 5. In gen-
eral, as the un-uniform deflection magnetic field
generated in the self-convergence in-line type color
cathode ray tube, a pincushion type magnetic field
is used as a horizontal deflection magnetic field,
and a barrel type deflection magnetic field is used
as a vertical magnetic field. By using the above
magnetic fields, the three electron beams B, G,
and R arranged in line passing through the same
horizontal plane can be converged at one point on
the phosphor screen 5.
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When the magnetic field is generated in this
manner, however, in the in-line type color cathode
ray tube, coma aberration in which convergence
between the center beam G and the side beams B
and R is shifted in a peripheral portion of the
screen may be produced.

In order to correct this coma aberration, in
techniques disclosed in Published Examined Japa-
nese Patent Application Nos. 51-26208 and 54-
23208, a magnetic member to be coupled to a
magnetic field leaking from a rear side of a deflec-
tion unit is arranged in an electron gun assembly.
In addition, in a technique disclosed in Published
Examined Utility Model No. 57-45748, an auxiliary
coil is arranged at the electron gun assembly side
of the deflection unit and a current in synchronism
with a deflection current flowing through a vertical
deflection coil is supplied to the auxiliary coil,
thereby generating an iniense pin-cushion type
magnetic field without using a magnetic member to
be coupled to a magnetic field leaking from a rear
portion of the deflection unit.

In these conventional color cathode ray tubes,
however, a spot of an electron beam on the phos-
phor screen is still distorted in accordance with
deflection. That is, as shown in Fig. 3, a spot 13 of
an eiectron beam deflected by an uniform mag-
netic field is formed into a substantially true circle
on the entire surface of a screen 14. As shown in
Fig. 4, however, a spot 13 of an electron beam
deflected by a non-uniform magnetic field is dis-
torted into a lateral ellipse having the horizontal
direction as its major axis at the end of the horizon-
tal axis (X axis) of the screen 14. That is, as shown
in Fig. 5A, the electron beams B, G, and R are
distorted by a pin-cushion type horizontal deflec-
tion magnetic field 15 such that an upper half of
each beam is pushed downward and its lower half
is pushed upward by a Lorentz force. At the end of
the vertical axis (Y axis) on the screen 14, as
shown in Fig. 5B, each of the electron beams B, G,
and R is distorted info a lateral eliipse having the
horizontal direction as its major axis by a barrel
type vertical deflection magnetic field 16 such that
a right half of each electron beam is pushed to the
right and iis left half is pushed to the left by a
Lorentz force. The magnitudes of forces applied to
the right and left sides of each of the pair of side
beams B and R are different from each other, and
the direction of a force applied to the electron
beam B at the left side of the screen is opposite to
that of a force applied to the electron beam R at
the right side thereof. Therefore, spots of the side
beams B and R at the end of the vertical axis are
inclined to cross each other as indicated by refer-
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ence numerals 13B and 13R in Fig. 4. As a result,
focusing characteristics at the peripheral portion of
the screen 14 are significantly degraded by de-
formation or inclination of the beam spots caused
by the horizontal or vertical deflection magnetic
field 15 or 16. In addition, this degradation in
focusing characteristics does not allow high perfor-
mance of the eleciron gun assembly.

For this reason, in order to improve the focus-
ing characteristics at the peripheral portion of the
screen 14, comprising design must be made in
consideration of uniformity of focusing at the cen-
tral and peripheral portions of the screen 14 at the
sacrifice of focusing at the central portion of the
screen 14.

Since the auxiliary coil used in the Published
Examined Utility Model Application No. 57-45748
uses a current synchronized with a deflection cur-
rent flowing through the vertical deflection coil, the
following problem is posed. That is, when an elec-
tron beam is to be deflected in the vertical direc-
tion, the electron beam is excessively deflected in
the vertical direction at the electron gun assembly
side of the deflection unit by a magnetic field
generated in the horizontal direction on the horizon-
tal axis, and tends to collide against the inner wall
of the neck of the funnel. As a result, a portion
called a neck shadow which does not emit light
rays, because no electron beam reaches there,
tends to be formed on the screen. In addition, this
auxiliary coil is manufactured by winding a coil
around -a magnetic member, and a current is
flowed through the coii. Therefore, this auxiliary coil
is expensive as a correction element, and it is
difficult to decrease its manufacturing cost. Further-
more, the deflection unit is often used by changing
its impedance in accordance with the type of a
receiver of each set maker, and a current to be
flowed through the deflection coil is changed in
accordance with the changed impedance. There-
fore, in order to allow the auxiliary coil to properly
operate with respect to the deflection unit, the
specification of the auxiliary coil must be changed
in accordance with the impedance of the deflection
coil, resulting in poor mass-productivity.

It is an object of the present invention fo pro-
vide a color cathode ray tube which reduces distor-
tion of a spot of an electron beam caused by a
deflection magnetic field of a deflection unit, i.e.,
deflection aberration to prevent degradation in fo-
cusing characteristics at the peripheral portion of a
screen, thereby obtaining good focusing character-
istics on the whole areas of the screen, and the
deflection unit.

According to the invention, there is provided a
cathode ray tube apparatus, comprising: an en-
velope having a tube axis; an in-line type electron
gun assembly, received in the envelope, for emit-
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ting a center electron beam and two side beams in
the same plane; deflection magnetic field generat-
ing means for generating a mainly pin-cushion type
deflection magnstic field for deflecting the electron
beams in a first direction along the plane and
generating a mainly barrel type deflection magnestic
field for deflecting the electron beams in a second
direction perpendicular to the first direction; a first
pair of permanent magnet pieces, each having one
and opposite poles, located between the deflection
magnetic field generating means and the electron
gun assembly and closer to the deflection mag-
netic field generating means, arranged in the first
direction so as to be substantially symmetrical
about the tube axis, and faced to each other in
such a manner that different polarities are opposed
to each other, for constantly generating a pin-
cushion type first correction magnetic field; and a
second pair of permanent magnet pieces, each
having one and opposite poles, located between
the deflection magnetic field generating means and
the electron gun assembly so as to be separated
from the first pair of permanent magnet pieces at
the side of the electron gun assembly, arranged in
the second direction so as to be substantially sym-
meirical about the tube axis, and faced to each
other in such a manner that different polarities are
opposed each other, for constantly generating a
pincushion type second correction magnetic field.
According fo the invention, there is also pro-
vided a cathode ray tube apparatus comprising: an
enveiope having a tube axis; an in-line type elec-
tron gun assembly, received in the envelope, for
emitting a center electron beam and two side
beams in the same plane; deflection magnetic field
generating means for generating a mainly pin-cush-
ion type deflection magnetic field for deflecting the
electron beams in a first direction along the plane
and generating a mainly barrel type deflection
magnetic field for deflecting the electron beams in
a second direction perpendicular to the first direc-
tion; a first two pair of permanent magnet pieces,
each having one and opposite poles, located be-
tween the deflection magnetic field generating
means and the eleciron gun assembly and closer
to the deflection magnetic field generating means
and arranged in the first direction so as to be
substantially symmetrical about the tube axis, each
pair being faced to each other in such a manner
that different polarities are opposed to each other,
for constantly generating a pincushion type first
correction magnetic field; and a second pair of
permanent magnet pieces, having one and op-
posite poles, located between the deflection mag-
netic field generating means and the electron gun
assembly so as to be separated from the first pair
of permanent magnet pieces at the side of the
electron gun assembly, arranged in one of the first
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and second directions so as to be substantially
symmetrical about the tube axis, and faced to each
other in such a manner that different polarities are
opposed to a facing first pair of magnet, for con-
stantly generating a pin-cushion type second cor-
rection magnetic field.

This invention can be more fully understood
from the following detailed description when taken
in conjunction with the accompanying drawings, in
which:

Fig. 1 is a schematic sectional view showing a
conventional color cathode ray tube;

Fig. 2 is a schematic perspective view showing
a deflection unit o be mounted on the color
cathode ray tube shown in Fig. 1;

Fig. 3 is a plan view for explaining the shape of
spots on a screen produced by eleciron beams
deflected by a deflection unit for generating
uniform magnetic fields;

Fig. 4 is a plan view for explaining the shape of
spots on a screen produced by electron beams
deflected by a deflection unit for generating a
non-uniform magnetic fields;

Figs. 5A and 5B are views for explaining effects
of a pin-cushion type horizontal deflection mag-
netic field and a barrel type vertical deflection
magnetic field on electron beams;

Fig. 6 is a schematic sectional view showing a
color cathode ray tube according to the first
embodiment of the present invention;

Fig. 7 is a perspective view showing a deflection
unit o be mounted on the color cathode ray
tube shown in Fig. 6 and two pairs of permanent
magnets mounted on the deflection unit;

Fig. 8 is a view for explaining a pin-cushion type
magnetic field generated by the two pairs of
permanent magnets shown in Fig. 7;

Fig. 9 is a view for explaining a pin-cushion type
magnetic field generated by the pair of right and
left permanent magnets shown in Fig. 7;

Fig. 10 is a view for explaining a pin-cushion
type magnetic field generated by the two pairs
of upper and lower and right and left permanent
magnets shown in Fig. 7;

Fig. 11 is a view for explaining an effect of a
pin-cushion type magnetic field generated by
the pair of upper and lower permanent magnets
shown in Fig. 7 on electron beam spots;

Fig. 12 is a view for explaining an effect of the
pin-cushion type magnetic field generated by
the pair of right and left permanent magnets
shown in Fig. 7 on electron beam spots;

Fig. 13 is a view showing shapes of electron
beam spots for explaining the effect when two
pairs of the permanent magnets arranged in a
same plane;

Fig. 14 is a view for explaining a positional
relationship between an electron beam diameter
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and a pair of upper and lower permanent mag-
nets;

Fig. 15 is a view for explaining a positional
relationship between a pair of side beams and a
pair of right and left permanent magnets;

Fig. 16 is a view showing shapes of electron
beam spots for explaining electron beam spots
obtained by an effect of the pin-cushion type
magnetic field generated by the two pairs of
permanent magnets according o the present
invention;

Fig. 17 is a schematic sectional view showing a
color cathode ray tube according to the second
embodiment of the present invention;

Fig. 18 is a schematic sectional view showing a
color cathode ray tube according to the third
embodiment of the present invention;

Fig. 19 is a perspective view showing a deflec-
tion unit to be mounted on the color cathode ray
tube shown in Fig. 18 and three pairs of perma-
nent magnets mounted on the deflection unit;
Figs. 20 and 21 are views for explaining an
effect of a pin-cushion type magnetic field gen-
erated by the first two pairs of permanent mag-
nets shown in Fig. 18 on electron beam spots;
Fig. 22 is a perspective view showing a detec-
tion unit to be mounted on a color cathode ray
fube according to the fourth embodiment of the _
present invention and two pairs of permanent
magnets mounted on the deflection unit;

Fig. 23 is a view showing shapes of electron
beam spots for explaining an effect of the per-
manent magnets shown in Fig. 22; and

Figs. 24 and 25 are schematic sectional views
showing color cathode ray tubes according to
the fifth and sixth embodiments of the present
invention.

Embodiments of a color cathode ray tube ap-
paratus according to the present invention will be
described in detail below with reference to the
accompanying drawings.

Embodiment 1

Fig. 8 shows an embodiment of a color cath-
ode ray tube of self-convergence in-line type. This
color cathode ray tube has an envelope 3 con-
stituted by a panel 1 and a funnei 2. A phosphor
screen 5 consisting of three color phosphor layers’
for emitting blue, green, and red light rays is
formed on the inner surface of the panel 1 to
oppose a shadow mask 4 mounted inside the panel
1 and having a large number of electron beam
apertures. An in-line type eleciron gun assembly
20 (to be described later) for emitting three elec-
tron beams B, G, and R aligned in a line passing
through the same horizontal plane is arranged in a
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neck 8 of the funnel 2. In addition, a deflection unit
9 is mounted outside a boundary portion between a
conical portion 8 and the neck 6 of the funnel 2 to
vertically and horizontally deflect the three eleciron
beams B, G, and R emitted from the eleciron gun
assembly 20, thereby scanning the phosphor
screen 5.

The deflection unit 9 is of self-convergence
type of converging the three electron beams B, G,
and R on the phosphor screen 5 by using an
inhomogeneous magnetic field. As shown in Fig. 7,
for example, the deflection unit 9 has a pair of
horizontal deflection coils 23 wound to form a sad-
dle shape and arranged inside a separator 22, and
a pair of vertical deflection coils 25 wound around a
core 24 and arranged outside the separator 22. The
horizontal deflection coils 23 of the deflection unit 9
form a mainly pin-cushion type deflection magnetic
field for deflecting the three electron beams emit-
ted from the electron gun assembly 20 in the
horizontal direction, i.e., in the X direction, and the
vertical deflection coils 25 form a mainly barrel
type deflection magnetic field for deflecting the
three electron beams in the vertical direction per-
pendicular to the beam aligning direction, i.e., in
the Y direction. In this case, the "mainly pin-cush-
ion type deflection magnetic field" means a pin-
cushion type deflection magnetic field as a whole,
and the "mainly barrel type deflection magnetic
field" means a barrel type deflection magnetic field
as a whole.

As shown in Fig. 7, in this color cathode ray
tube, the pair of permanent magnets 27a and 27b
are arranged on an end portion 26 at the eleciron
gun assembly side of the deflection unit 9 in the
left-to-right direction, i.e., the horizontal direction so
as to be symmetrical about a tube axis Z with
different polarities being opposed each other. In
addition, the pair of permanent magnets 29a and
29b are arranged at a position 28 separated from
the permanent magnets 27a and 27b toward the
electron gun assembly with a predetermined inter-
val therebetween in the upper-to-lower direction,
i.e., the vertical direction so as to be symmetrical
about the tube axis Z with different polarities being
opposed each other. This arrangement of the per-
manent magnets 27a, 27b, 29a, and 28b provides
the following effect.

As shown in Fig. 8, the vertically arranged
permanent magnets 29a and 29b generate an in-
tense pincushion magnetic field 31 on an electron
beam path between the electron gun assembly 20
and the deflection unit 9 in correspondence with a
barrel type deflection magnetic field 30 generated
by the vertical deflection coils, thersby producing a
Lorentz force, applied in a direction opposite to that
of a Lorentz force applied from the barrel type
vertical deflection magnetic field on eleciron
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beams, for distorting the electron beam spot into
an ellipse having the veriical direction as its major
axis, and correcting a phenomenon in which spots
of the pair of side beams are inclined.

As shown in Fig. 9, the permanent magnets
27a and 27b arranged in the left-to-right direction
so as to be separated from the upper and lower
permanent magnets 29a and 29b toward the phos-
phor screen with a predetermined interval there-
between generate a pin-cushion type magnetic
field 33 in the same direction as that of the pin-
cushion type magnetic field 32 on the slectron
beam path between the electron gun assembly 20
and the deflection unit 9.

The upper, lower, left, and right permanent
magnets 29a, 29b, 27a, and 27b are arranged such
that different polarities are opposed each other.
Therefore, as shown in Fig. 10, the permanent
magnets 27a and 27b generate magnetic fields 34
between the adjacent permanent magnets 29a and
29b, respectively in a space in the tube axis direc-
tion. These magnetic fields 34 apply a Lorentz
force on the side beams B and R in a direction
opposite to the direction along which spots of the
side beams are inclined by the barrel type vertical
deflection magnetic field, thereby correcting the
inclination of the spots of the side beams B and R
at the phosphor screen vertical end portion caused
by the barrel type deflection magnetic field.

U.S. Serial No. 371,844, filed June 27, 1989,
Takeshi Fujiwara et al. discloses a technique in
which the upper, lower, left, and right permanent
magnets 29a, 29b, 27a, and 27b are arranged on
the same plane. A difference between an arrange-
ment in which the permanent magnets 29a, 29b,
27a, and 27b are arranged on the same plane and
an arrangement in which the upper and lower per-
manent magnets 29a and 29b and the left and right
permanent magnets 27a and 27b are not arranged
on the same plane but separated from each other
will be described below.

An effect of the pin-cushion magnetic fields 31
and 33, generated by the permanent magnets 28a
and 29b and the permanent magnets 27a and 27b,
respectively, as shown in Fig. 8 when all the mag-
nets 29a, 29b, 27a, and 27b are arranged on the
same plane, on beam spots at the central portion
of the phosphor screen will be described below.
That is, as shown in Fig. 11, the pin-cushion type
magnetic field 31 generated by the upper and
lower permanent magnets 29a and 29b applies, to
the electron beams, Lorentz forces 36 and 37 for
distorting beam spot into an ellipse having its major
axis in the vertical direction as described above. As
shown in Fig. 12, however, the pin-cushion type
magnetic field 33 generated by the left and right
permanent magnets 27a and 27b applies, to the
electron beams, Loreniz forces 38 and 39 for dis-
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torting a beam spot into an ellipse having its major
axis in the horizontal direction. Therefore, by prop-
erly setting the magnetization intensities of the
magnets 29a and 29b and the magnets 27a and
27b, a beam spot of each of the three electron
beams at the central portion of the phosphor
screen can be formed into a substantially circle.
However, in the in-line type electron gun assembly
in which a center beam and a pair of side beams
are aligned in a line on the same plane as shown in
Fig. 8, although the center beam is located at the
tube axis center, the centers of the side beams are
separated from the tube axis center. Therefore, the
magnitudes of Lorentz forces applied by the two
pin-cushion type magnetic fields 31 and 33 are
different between the center beam and the side
beams. As a result, as shown in Fig. 13, when the
magnetization intensities of the magnets 29a, 29b,
27a, and 27b are set such that the side beam spots
are formed into frue circles, a beam spot of the
center beam is distorted into an ellipse having its
major axis in the vertical direction on the screen.
This inhomogeniety between the spot shapes of
the center beam and the side beams based on the
longitudinal elliptic shape of the center beam spot,
i.e., between ellipticities causes degradation in res-
olution at the central portion of the phosphor
screen, thersby undesirably degrading focusing
quality of the color cathode ray tube.

If, however, the upper and lower permanent
magnets 29a and 29b are arranged at a position
separated from the left and right permanent mag-
nets 27a and 27b with a predstermined interval
therebetween as shown in Fig. 7, inhomogeneity
between the ellipticities of the center beam G and
the side beams B and R can be corrected. That is,
as shown in Fig. 14, each electron beam is emitted
from the electron gun assembly 20 and incident on
the central portion of the phosphor screen while it
is slightly diverged on the vertical plane. Therefore,
since an electron beam diameter is small in an
area 40 affected by the pin-cushion type magnetic
field generated by the permanent magnets 29a and
29b, a Loreniz force applied by the pin-cushion
magnetic field to the electron beams is weaker
than that applied fo the electron beams when the
magnets 29a and 29b are arranged in an area 41.
As a result, a beam spot of particularly the center
beam G can be prevented from being distorted into
a longitudinal ellipse having its major axis in the
vertical direction. In addition, as shown in Fig. 15,
the pair of side beams B and R are emitted ob-
liquely from the electron gun assembly 20 so as to
be converged at one point at the center of the
phosphor screen 5. Therefore, in the area 41 in
which the pin-cushion type magnstic field gen-
erated by the permanent magnets 27a and 27b has
an effect on the side beams B and R, the side
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beams are moved closer fo the center beam G,
i.e., the tube axis Z than in the area 40. Therefore,
when the magnets 27a and 27b are arranged in the
area 41, since a Lorentz force applied by the pin-
cushion magnetic field generated by the magnets
27a and 27b is weaker than that obtained when the
magnets 27a and 27b are arranged in the area 40,
the side beams B and R pass through an area
having a weak Loreniz force. As a result, the elec-
fron beam spots of the side beams can be pre-
vented from being distorted into a lateral ellipse
having its major axis in the horizontal direction.

Therefore, by properly setting the magnetiz-
ation intensities of the pair of upper and lower
permanent magnets and the pair of left and right
permanent magnets 27a and 27b in accordance
with an interval in the tube axis direction between
the two pairs of magnets, a beam spot of each of
the three eleciron beams at the ceniral portion of
the phosphor screen can be corrected into a sub-
stantially true circle as shown in Fig. 186.

Embodiment 2

In Embodiment 1, the pair of left and right
permanent magnets 27a and 27b are arranged at
the end portion of the electron gun assembly side
of the deflection unit 9. However, the present in-
vention is not limited to the above embodiment. For
example, as shown in Fig. 17, a pair of permanent
magnets 27a and 27b may be arranged near a
core 24 of a deflection unit 9. In this case, pairs of
permanent magneis 29a and 29b, and 27a and 27b
can be arranged in an area in which an electron
beam is diverged to increase its beam diamster,
i.e., can be arranged closer to a phosphor screen.
Therefore, an effect of correcting distortion of a
beam spot at the vertical end portion of the phos-
phor screen can be desirably enhanced.

Embodiment 3

As shown in Figs. 18 and 19, permanent mag-
nets 35a and 35b may be arranged in addition to
permanent magnets 27a and 27b at a side end
portion 26 of an electron gun assembly of a deflec-
tion unit 9. That is, two pairs of permanent magnets
35a and 35b, and 27a and 27b each having two
poles are arranged at a position 41 in vertical and
horizontal directions, respectively, so as o be sym-
metrical about the tube axis (Z axis) of the deflec-
tion unit 9 with different polarities being opposed
each other. A pair of second bipolar permanent
magneis 29a and 29b are arranged at a position 40
opposite to and separated from the pair of upper
and lower bipolar permanent magnets 35a and 35b
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of the first bipolar permanent magnets toward the
electron gun assembly along the Y axis with a
predetermined interval therebetween so that dif-
ferent polarities are opposed each other between
the magnets 29a and 29b and the magnets 35a
and 35b, respectively. In this manner, when the
pairs of upper and lower, and left and right first
bipolar permanent magnets 35a and 35b, and 27a
and 27b are arranged at the electron gun side end
portion 26 with different polarities being opposed
each other, the following effect similar to that de-
scribed above can be obtained.

That is, as shown in Fig. 20, the bipolar perma-
nent magnets 35a, 35b, 27a, and 27b generate
intense pincushion type magnetic fields 31 and 33
projecting into the tube axis, i.e., the path of the
three electron beams in a space at the position 41.
As a result, a spot of an eleciron beam which
reaches the phosphor screen through the pin-cush-
ion type magnetic field 31 generated by the upper
and lower bipolar permanent magnets is affected
by a Lorentz force in a direction opposite to that of
a Lorentz force applied by the barrel type magnetic
field 30 and is distorted into an ellipse having its
major axis in the vertical direction, and the perma-
nent magnets 27a and 27b generate magnetic
fields 34 between the adjacent permanent magnets
35a and 35b, respectively in a space in the tube
axis direction. These magnetic fields apply a Lo-
rentz force on the side beams B and R in a
direction opposite to the direction along which
spots of the side beams are inclined by the barrel
type vertical deflection magnetic field, thereby cor-
recting a phenomenon in which a beam spot is
distorted into an ellipse having its major axis in the
horizontal direction by the barrel type vertical de-
flection magnetic fisld 30 and the pair of side
beams are inclined.

An effect of the pin-cushion type magnetic
fields 31 and 33 generated by the first permanent
magnets 27a, 27b, 35z, and 35b on a beam spot
formed at the center of the phosphor screen will be
described below. The first upper and lower perma-
nent magnets 35a and 35b described above with
reference to Fig. 11 generate a pin-cushion mag-
netic field similarly to the second upper and lower
permanent magnets 29a and 29b. This pin-cushion
magnetic field applies, to an electron beam, a
Loreniz force for distorting a beam spot inio an
ellipse having its major axis in the vertical direction
on the screen. However, the pin cushion magnetic
field generated by the first left and right permanent
magnets 27a and 27b applies, fo an electron beam,
a Lorentz force for distorting a beam spot into an
ellipse having its major axis in the horizontal direc-
tion on the screen. Therefore, by properly setting
the magnetization intensities of the upper and lower
magnets 35a and 35b and the left and right mag-
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nets 27a and 27b, beam spots of the three electron
beams can be formed into substantially true circles
at the central region of the phosphor screen. As
described above with reference to Fig. 13, how-
ever, in a tube having an in-line type electron gun
assembly in which a center beam and a pair of
side beams are aligned in a line on the same
plane, the magnitudes of Loreniz forces applied
from the two pin-cushion magnetic fields 31 and 33
are different between the center beam and the side
beams. As a result, if the magnetization intensities
of the magnets 35a, 35b, 27a, and 27b are set
such that beam spots of the side beams are
formed into frue circles as shown in Fig. 13, a
beam spot of the center beam is distorted into an
ellipse having its major axis in the vertical direction.
Such a longitudinal elliptic shape of the beam spot
degrades the resolution at the central portion of the
phosphor screen, thereby undesirably degrading
focusing quality of the color cathode ray tube.

An effect of the second bipolar permanent
magnets 29a and 29b will be described below. As
described above with reference to Fig. 11, the
second bipolar permanent magnets 29a and 29b
are separated from the upper and lower bipolar
permanent magnets 35a and 35b of the first bipolar
permanent magnets toward the electron gun as-
sembly with a predetermined interval therebetween
such that different polarities oppose each other
between the two pairs of permanent magnets.
Therefore, the polarity of a pin-cushion magnetic
field generated by the magnets 29a and 29b is
opposite to that of the pin-cushion magnetic field
31 generated by the magnets 35a and 35b. That is,
the direction of a Lorentz force applied to electron
beams by the pin-cushion magnetic field generated
by the magnets 29a and 29b is opposite to that of
a Lorentz force applied by the pin-cushion mag-
netic field 31 generated by the magnets 35a and
35b, and a beam spot is distorted into an ellipse
having its major axis in the horizontal direction.
Therefore, by setting the magnetization intensity of
the magnets 29a and 29b to be smaller than thaf of -
the magnets 35a and 35b, a beam spot of the
center beam can be corrected into a true circle
without distortion in beam spots of the pair of side
beams separated from the tube axis as shown in
Fig. 16. As shown in Fig. 14, an electron beam is
emitted from the electron gun assembly 20 and
incident at the center of the phosphor screen 5
while it is slightly deverged. Therefore, the electron
beam diameter 41 obtained in an area to which the
pin-cushion magnetic field generated by the mag-
nets 35a and 35b is applied, is larger than the
electron beam diameter 40 obtained in an area to
which the pin-cushion magnetic field generated by
the magnets 29a and 29b is applied. In addition,
the intensity of the pin-cushion magnetic field gen-
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erated by the magnets 35a and 35b is larger than
that of the magnetic field generated by the mag-
nets 29a and 29b. Therefore, the magnets 29a and
29b only correct the beam spot of the center beam
into a true circle but do not interfere with an effect
of the pin-cushion magnetic field generated by the
magnets 35a and 35b for correcting distortion of
beam spots and inclination of side beams at the
vertical axis end of the phosphor screen.

As shown in Fig. 21, the first permanent mag-
nets 35a, 35b, 27a, and 27b have an effect on the
three electron beams. That is, a magnetic field 51
generated by the upper and lower permanent mag-
nets 35a and 35b applies a Lorentz force 53 to the
center beam G upon vertical deflection, thereby
deflecting the center beam G outwardly. A mag-
netic field 52 applies a Lorentz force 54 to the side
beams B and R, thereby returning the electron
beams toward the center. For this reason, although
coma aberration in convergence is corrected by a
magnetic member arranged in an electron gun
assembly and coupled to a magnetic field at a rear
portion of a deflection unit in a conventional struc-
ture, this coma aberration can be corrected by the
first permanent magnets 35a, 35b, 27a, and 27b.
Also in this case, however, if the magnetization
intensities of the magnets 35a, 35b, 27a, and 27b
are set such that beam spots of the pair of side
beams are formed into true circles and coma ab-
erration in convergence is corrected, a beam spot
of the center beam is distoried into an ellipse
having its major axis in the vertical direction.
Therefore, by correcting the beam spot of the
center beam by the second permanent magnets
27a and 27b, good focusing characteristics can be
obtained, and coma aberration in convergence can
be corrected. Because as compared with a mag-
netic field area of the first permanent magnets 35a,
35b, 26a, and 26b, a vertical magnetic field is small
and hardly deflected in a magnetic field of the
second permanent magnets. Therefore, the second
permanent magnets have almost no influence on
coma aberration in convergence.

Embodiment 4

In above Embodiment 3, the second bipolar
permanent magnets for correcting distortion in a
beam spot of an electron beam at the center of the
phosphor screen are arranged to oppose the pair
of upper and lower bipolar permanent magnets of
the two pairs of upper and lower, and left and right
bipolar permanent magnets arranged at the side
end portion of the electron gun assembly side of
the deflection unit and are separated therefrom
toward the electron gun assembly with a predeter-
mined interval therebetween. As shown in Fig. 22,
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the second bipolar permanent magnets can be
arranged to oppose the pair of bipolar permanent
magnets 27a and 27b in the horizontal direction of
the first bipolar permanent magnets and separated
therefrom toward the electron gun assembly with a
predetermined interval therebetween. In this case,
the magnitudes of magnetization intensities of the
magnets 35a, 35b, 27a, and 27b are preferably set
such that a beam spot of a center beam is formed
into a substantially true circle and that of each of a
pair of side beams is distorted into an ellipse
having its major axis in the horizontal direction by
pin-cushion magnetic fields generated by the mag-
nets. Also in this case, a pin-cushion magnetic field
generated by the second bipolar permanent mag-
nets 29a and 29b only corrects the shape of the
beam spot of each side beam into a true circle but
does not interfere with an effect of a pin-cushion
magnetic field generated by the upper and lower
bipolar permanent magnets 35a and 35b for cor-
recting distortion in beam spot at the vertical axis
end of the phosphor screen and for correcting
coma aberration of the convergence.

Embodiment 5

In Embodiments 3 and 4, the first bipolar per-
manent magnets are arranged at the end portion of
the electron gun assembly side of the deflection
unit. The present invention, however, is not limited
to this arrangement. For example, as shown in Fig.
24, first permanent magnets may be arranged at a
portion 26 close to a core 23 of a deflection unit 9.
In this case, first bipolar permanent magnets 35
and 27 are located in an area in which the diameter
of an electron beams is large because the beam is
deverged. Therefore, an effect of correcting distor-
tion in beam spot at the vertical axis end of the
phosphor screen can be further enhanced.

Embodiment 6

In above Embodiments 3, 4, and 5, the second
bipolar magnets for correcting distortion in electron
beam at the center of the phosphor screen are
separated from the first bipolar permanent magnets
toward the electron gun of the deflection unit by a
predetermined interval therebetween. The present
invention, however, is not limited to this arrange-
ment. For example, as shown in Fig. 25, these
magnets may be arranged inside a convergence
cup 42 at the distal end portion of an electron gun
assembly 20. In this case, since an interval with
respect to first bipolar permanent magnets ar-
ranged in a deflection unit 9 can be further in-
creased, distortion in electron beam spot at the
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center of a phosphor screen can be corrected
better.

As has been described above, according to the
present invention, a pair of left and right permanent
magnets are arranged at the end portion of the
electron gun assembly side of the deflection unit
for generating a deflection magnetic field for de-
flecting three eleciron beams aligned in a line
passing through the same plane, in the beam align-
ing direction of the beams and a direction per-
pendicular to the beam aligning direction, and a
pair of upper and lower permanent magnets for
generating a pin-cushion magnetic field are ar-
ranged to be separated from the end portion of the
electron gun assembly side toward the eleciron
gun assembly by a predetermined interval. There-
fore, distortion in electron beam spot caused by a
barrel magnetic field generated by a vertical de-
flection coil can be corrected by the pin-cushion
magnetic fields generated by the two pairs of per-
manent magnets, thereby improving focusing per-
formance at the vertical axis end portion of the
phosphor screen. In addition, inhomogeneity be-
tween beam spots of the three electron beams at
the central portion of the phosphor screen can be
corrected to prevent degradation in focusing perfor-
mance at the central portion of the phosphor
screen. As a result, there is provided a color cath-
ode ray tube having high focusing performance,
high resolution, and high performance.

in addition, according to the present invention,
pairs of upper and lower, and left and right bipolar
permanent magnets are arranged at the end por-
tion of the electron gun assembly side of the
deflection unit for generating a deflection magnetic
field for deflecting three electron beams aligned in
a line passing through the same plane, in the beam
aligning direction of the beams and a direction
perpendicular o the beam aligning direction, and a
pair of bipolar permanent magnets for generating a
pin-cushion magnetic field are arranged to be sep-
arated from the side end portion of the electron
gun assembly toward the electron gun assembly.
Therefore, distortion in eleciron beam spot caused
by a barrel type magnetic field generated by a
vertical deflection coil can be corrected by the pin-
cushion magnetic fields generated by the three
pairs of bipolar permanent magnets, thereby im-
proving focusing performance at the vertical axis
end portion of the phosphor screen. In addition,
inhomogeneity between beam spots of the three
electron beams at the central portion of the phos-
phor screen can be connected to improve focusing
performance at the central portion of the phosphor
screen. As a result, there is provided a color cath-
ode ray tube having high focusing performance,
high resolution, and high performance.

10

15

20

25

30

35

40

45

50

55

Claims

1. A cathode ray tube apparatus, comprising:

an envelope (3) having a tube axis;

an in-line type electron gun assembly (20), re-
ceived in said envelope (3), for emiiting a center
electron beam and two side beams in the same
plane; and

deflection magnetic field generating means (23, 25)
for generating a mainly pin-cushion type deflection
magnetic field for deflecting the electron beams in
a first direction along the plane and generating a
mainly barre! type deflection magnetic field for
deflecting the electron beams in a second direction
perpendicular to the first direction;

characterized by further comprising:

a first pair of permanent magnet pieces (27a, 27b),
each having one and opposite poles, located be-
tween said deflection magnetic field generating
means (23, 25) and said electron gun assembly
(20) and closer to said deflection magnetic field
generating means (23, 25), arranged in the first
direction so as to be substantially symmetrical
about the tube axis, and faced to each other in
such a manner that different polarities are opposed
to each other, for constantly generating a pin-
cushion type first correction magnetic field; and

a second pair of permanent magnet pieces (29a,
20b), each having one and opposite poles, located
between said deflection magnetic field generating
means (23, 25) and said electron gun assembly
(20) so as to be separated from said first pair of
permanent magnet pieces (27a, 27b) at the side of
said electron gun assembly (20), arranged in the
second direction so as to be substantially symmet-
rical about the tube axis, and faced to each other in
such a manner that different polarities are opposed
each other, for constantly generating a pin-cushion
type second correction magnetic field.

2. An apparatus according to claim 1, characterized
in that said first and second pairs of permanent
magnet pieces (27a, 27b, 29a, 29b) are arranged
outside said envelope (3).

3. An apparatus according to claim 1, characterized
in that said second pair of permanent magnet
pieces are arranged (29a, 29b) in said electron gun
assembly (20).

4. A cathode ray tube apparatus comprising:

an envelope (3) having a tube axis;

an in-iine type electron gun assembly (20), re-
ceived in said envelope, for emitting a center elec-
tron beam and two side beams in the same plane;
and

deflection magnstic field generating means (23, 25)
for generating a mainly pin-cushion type deflection
magnetic field for deflecting the electron beams in
a first direction along the plane and generating a
mainly barrel type deflection magnetic field for
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deflecting the electron beams in a second direction
perpendicular to the first direction;

characterized by further comprising:

a first two pair of permanent magnet pieces (27a,
27b, 35a, 35b), each having one and opposite
poles, located between said deflection magnetic
field generating means (23, 25) and said electron
gun assembly (20) and closer to said deflection
magnetic field generating means (23, 25) and ar-
ranged in the first direction so as to be substan-
tially symmetrical about the tube axis, each pair
(272, 27b, 35a, 35b) being faced to each other in
such a manner that different polarities are opposed
to each other, for constantly generating a pin-
cushion type first correction magnetic field; and

a second pair of permanent magnet pieces (29a,
29b), having one and opposite poles, located be-
tween said deflection magnetic field generating
means (23, 25) and said electron gun assembly
(20) so as to be separated from said first pair of
permanent magnet pieces (27a, 27b, 35a, 35b) at
the side of said electron gun assembly (20), ar-
ranged in one of the first and second directions so
as to be substantially symmetrical about the tube
axis, and faced to each other in such a manner that
different polarities are opposed to a facing first pair
of magnet, for constantly generating a pincushion
type second correction magnetic field.

5. An apparatus according to claim 4, characterized
in that said first and second pairs of permanent
magnet pieces (27a, 27b, 35a, 35b, 29a, 29b) are
arranged outside said envelope.

6. An apparatus according to claim 4, characterized
in that said second pair of permanent magnet
pieces (29a, 29b) are arranged in said slectron gun
assembly (20).
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