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DESCRIPTTION

"DEFLECTION DEVICE FOR USE
IN A COLOR CATHODE-RAY TUBE"

Background of the Invention
1. Field of the Invention
The present invention relates to a deflection
device for use in an in-line color cathode-ray tube,
which is designed to deflect three electron beams
passing in the same plane, and more particularly to a

deflection device which has a convergence-correcting
coil for eliminating mis-convergence in an in-line color
cathode-ray tube of self-convergence type.
2. Description of the Related Art

Most color cathode-ray tubes have the structure
shown in Fig. 1. As shown in Fig. 1, each of them
comprises an envelope 2 formed of a panel 1 and a funnel
9 integral with the panel 1. It further comprises a
phosphor screen 3 formed on the inner surface of the
panel 1, a shadow mask 4 located in the envelope 2, an
electron gun unit 8 located in the neck 6 of the enve-
lope 2, and a deflection device 10 surrounding the
adjoining portions of the neck 6 and large-diameter por-

.tion 9 of the envelope 2. The screen 3 consists of

blue-light emitting phosphor stripes, green-light emitting
phosphor stripes, and red-light emitting phosphor stri-
pes. The shadow mask 4 opposes the phosphor screen 3

and has a number of apertures. The electron gun unit 8
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gun unl%Eé are deflected by the deflection magnetic
fields generated by the unit 10, then pass through the
apertures of the shadow mask 4, and finally applied to
the phosphor screen 3. Excited by the beams 7B, 7G, and
7R, the phosphor stripes of the screen 3 emit blue light
rays, green light reays, and red light rays. As a
result, the cathode-ray tube displays a color image.

The electron gun unit 8 is a so-called "in-line
type" designed to emit three electron beams, i.e., a
center beam 7G and two side beams 7B and 7R which pass
in the same plane. The horizontal deflection magnetic
field generéted by the unit 10 is shaped like a pin-
cushion as is shown in Fig. 2A. By contrast, the ver-
tical deflection magnetic field generated from the
device 10 is shaped like a barrel as is illustrated in
Fig. 2B. The magnetic fluxes 12H of the pincushion-
shaped magnetic field deflects the electron beams 7B,
7G, and 7R in a horizontal plane, while the magnetic
fluxes 12V of the barrel-shaped magnetic field deflects
the electron beams 7B, 7G, and 7R in a vertical plane.

Self-convergence type in-line color cathode-ray
tubes, described above, are commonly used in practice.

As Fig. 1 shows, the deflection device 10 comprises
a horizontal deflection coil 13H for generating the
pincushion-shaped horizontal deflection magnetic field,
and a vertical deflection coil 13V for generating the
barrel-shaped vertical deflection magnetic field.
Generally, the coils 13H and 13V are a saddle type and a
toroidal type, respectively. The pincushion-shaped
horizontal deflection magnetic field 12H converges the
electron beams 7B, 7B, and 7R toward one another in the
horizontal plane extending in an x axis, whereas the
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shown in Fig':%eéﬁﬂgbég fgﬁ”gre vertically displaced from one another
at the corners of the display screen 14. 1In most cases,
the mis-convergence can be eliminated by adjusting the
distance between the deflection center of the horizontal
15 deflection coil 13H and that of vertical deflection coil
13Vv.

As has been indicated, the deflection device 10
generates a horizontal deflection magnetic field 12H
shaped like a pincushion, and a vertical deflection

20 magnetic field 12V shaped like a barrel. Hence, the
three electron beams 7B, 7G, and 7R can be converged at
any position in the horizontal and vertical axes of the
display screen 14. As shown in Fig. 4, however, mis-
convergence of the beams takes place in intermediate

25 regions between the corners and the horizontal and ver-
tical axes of the screen 14. The red-beam spot lSR, for
example, is formed closer to the center of the screen 14
than the blue-beam spot 15B in the right half of the
screen 14, and is located farther from the center of the

30 screen 14 than the blue-beam spot 15B in the left half
of the screen 14. The mis-convergence of the electron
beams inevitably deteriorates the quality of the image
the cathode-ray tube displays.

The mis-convergence occurring at a position between

35 the vertical axis y of the screen 14 and the any corner:
thereof may be minimized by altering the distribution of
the magnetic fluxes génerated by the deflection device

1
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iminated almost completely. Mis-convergence can,
therefore, be sufficiently reduced at any position in
the horizontal and vertical axes of the screen 14 and at
15 any corner thereof, but not at a position between the
vertical axis y of the screen 14 and the any corner
thereof. That is, as shown in Fig. 4, mis-convergence
remains between the axis y and each corner, such that
the red-beam spot 15R is located farther to the center
20 of the screen 14 than the blue-beam spot 15B in the
right half of the screen 14, and is located nearer the
center of the screen 14 than the blue-beam spot 15B in
the left half of the screen 14. The display screen
l4, as a whole, has but poor convergence charac-
25 teristic.

The mis-convergence occurring between the axis y of
the screen 14 and each corner thereof can be reduced by
two alternative methods. The first is to alter the
distribution of deflection magnetic fluxes. The second

30 is said same method used to minimize the mis-convergence
at the corners of the screen 14. If either alternative
method is performed, however, a prominent mis-
convergence will occur at each corner of the display
screen 14, inevitably degrading the convergence all over

35 the display screen 14.

With the conventional method of eliminating or
reducing mis-convergence in an in-line cathode-ray tube



verdellCc all Ovel LTt Ulosplay sSCileell L&,

-2- 5 ha8.thfemmargcofohhguBveBbEieni tting three el ectron beans
7B, 7G and 7R, respggtbyebyt bewehdst RRVBARIBAOKS to provide a

deflection device for use in an in-line color cathode-
ray tube of self-convergence type, which can much reduce
not only-mis—convergence at any point in the horizontal
10 an vertical axes of the screen of the tube and at any
corner of the screen but also mis-convergence at inter-
mediate regions between the corners and the horizontal
and vertical axes.
According to the invention, there is provided a
15 deflection device for use in a color cathode-ray tube
having a center axis and means for emitting in-line
electron beams, comprising:
horizontal deflection means for deflecting the
electron beams in a horizontal direction in response to
20 horizontal deflection signals, said horizontal deflec-
tion means including a pair of horizontal deflection
coils for generating a pincushion-shaped horizontal
deflection magnetic field;
vertical deflection means for deflecting the
25 electron beams in a vertical direction in response to
vertical deflection signals, said vertical deflection
means including a pair of vertical deflection coils for
generating a barrel-shaped vertical deflection magnetic
field; and
30 correction means for correcting the deflection of
the electron beams by applying a correction magnetic
field to the electron beams in response to the horizon-
tal deflection signals, said correction means including
a pair of correction coils which are located near a ver-
35 tical axis orthogonal to said center axis and sym-
metrically with respect to the vertical axis and in
which currents flow in synchronism with, and in
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deflection magnetlc field;
vertical deflection means for deflecting the
electron beams in a vertical direction in response to
15 vertical deflection signals, said vertical deflection
means including a pair of vertical deflection coils for
generating a barrel-shaped vertical deflection magnetic
field; and
correction means for correcting the deflection of
20 the electron beams by applying a correction magnetic
field to the electron beams in response to the horizon-
tal deflection signals, said correction means including
a first pair of correction coils which are located near
a vertical axis orthogonal to said center axis and sym-
25 metrically with respect to the vertical axis and in
which currents flow in synchronism with, and in a direc-
tion opposite to, the currents flowing in said horizon-
tal deflection coils, and a second pair of correction
coils which are located near said vertical axis and sym-
30 metrically with respect to said vertical axis and in
which currents flow in synchronism with, and in the same
opposite as, the currents flowing in said horizontal
deflection coils.
In an another aspect of the invention, there is
35 provided a deflection device comprising: a pair of hori-
zontal deflection coils for generating a pincushion-
shaped horizontal deflection magnetic field; 'a pair of
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a vertical axis extending at right angles to the axis of
the device and in which currents flow in synchronism
with and in an opposite direction to currents flowing in

15 the horizontal deflection coils, the correction coils
generates a magnetic field which deflects the outermost
side electron beam more than the innermost side beam in
a horizontal plane, the outermost side beam being posi-
tioned more apart from the tube axis than the innermost

20 side beam, when the electron beams are directed to the
intermediate positions between the vertical axis of the
screen and any corner thereof. The innermost side beam
is more deflected than the outermost beam by the
pincushion-shaped horizontal deflection magnetic field

25 generated by the horizontal deflection coils, when the
electron beams are directed to the corners of the
screen. Hence, the correction coils can minimize the
mis-convergence between the vertical axis of the screen
and each corner of the screen, without degrading the

30 convergence all over the display screen.

In yet another aspect of this invention, there is
provided a deflection device for deflecting three
electron beams passing in the same plane, comprising: a
deflection yoke having a saddle-shaped horizontal

35 deflection coil for generating a pincushion-shaped hori-
zontal deflection magnetic field for deflecting the
three electron beams toward one another in a horizontal

T
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deflection yoke and in which a current flows in synchro-
nism with and in the same direction as a current flowing
in the horizontal deflection coil.
15 Since the first coil is located in the position
described above, and a current flows in this coil in the
direction specified above, the first coil generates a
magnetic field which reduces the vertical mis-
convergence remaining between the vertical axis of a
20 display screen and each corner thereof. Since the
second coil is located in the position described above,
and a current flows in the second coil in the direction
specified above, the second coil generates a magnetic
field which reduces the horizontal mis-convergence
25 caused by the first coil and remaining between the ver-
tical axis of a display screen and each corner theréof.
Hence, the first coil and the second coil cooperate to
effectively minimize the mis-convergence occurring at a
position between the vertical axis of a display screen
30 and each corner thereof.
4. Brief Description of the Drawings _
Fig. 1 is a cross-sectional view schematically
showing a conventional color cathode-ray tube;
Fig. 2A is a diagram illustrating a pincushion-
35 shaped horizontal deflection magnetic field generated by
a deflection device for use in an in-line color cathode-
ray tube of self-convergence type;
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line cathode -ray tube of self-convergence type;

Fig. 4 is a diagram explaining mis-convergence
remaining even after correcting the mis-convergence at

10 the corners of the display screen of the in-line
cathode-ray tube of self-convergence type;

Fig. SA is a front view of a deflection device
according to a first embodiment of the invention, which
is designed for use in an in-line cathode-ray tube of

15 self-convergence type;

Fig. 5B is a partly broken-away, side view of the
deflection device shown in Fig. 5A;

Fig. 6 is a diagram explaining how the deflection
device shown in Figs. 5A and 5B reduces mis-

20 convergence;

Figs. 7A and 7B are front views showing modifica-
tions of the deflection device shown in Figs. 5A and
5B;

Fig. 8A is a front view of a deflection device

25 according to a second embodiment of the invention, which
is designed for use in an in-line cathode-ray tube of
self-convergence type;

Fig. 8B is a partly broken-away, side view of the
deflection device shown in Fig. 8A;

30 Fig. 9 is a diagram illustrating the mis-
convergence caused by the magnetic field generated by
the first coil of the deflection device shown in
Figs. 8A and 8B; and

Fig. 10 is a front view showing a modification of

35 the deflection device shown in Figs. 8A and 8B.

5. Detailed Description of the Preferred Embodiments

Embodiments of the present invention, each being
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tube, respectively.

Inside the separator 20, a pair of saddle-shaped
horizontal deflecting coils 21 are located. A tapered,

15  hollow cylindrical core 22  is mounted on the separator
20 and positioned coaxial therewith. A pair of toroidal
vertical deflection coils 23 are wound around the core
22. The horizontal deflection coils 21 and the vertical
deflection coils 23 constitute a deflection coil 27.

20 The horizontal deflection coils generate a pincushion-
shaped horizontal deflection magnetic field, whereas the
vertical deflection coils 23 generate a barrel-shaped
vertical deflection magnetic field.

The deflection device further comprises a pair of

25 correction coils 24, i.e., an upper correction coil and
a lower correction coil. Each correction coil 24 is

- placed in a plane Z-Y which contains the axis ZD of the
deflection device and a vertical line extending at right
angles to the axis ZD. As is evident from Fig. 5A, the

30 halves of each turn of either correction coil 24 extend
substantially parallel to the plane 2z-Y and are sym-
metrical with respect thereto.

The vertical deflection coils 23 are connected to a
vertical deflection current source 40, and the horizon-

35 tal deflection coils 21 and the correction coils 24 are
connected to a horizontal deflection current source 42.
The correction coils 24 are connected to the horizontal
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deflection magnetic fields 12H in a deflection region in
which the three electron beams 7B, 7G, and 7R émitted
from the electron gun unit of the cathode-ray tube.

15 Simultaneously, the correction coils 24 generate correc-

 tion magnetic fields 26 in the same deflection region.

Since either correction magnetic field is a local one,
the beams 7B, 7G, and 7R are deflected in different
directions which are determined by the positions they

20 take with respect to the correction field.

More precisely, when the deflecting magnetic field
deflects the beams 7B, 7B, and 7R to an intermediate
position between the vertical axis of the display screen
of the cathode-ray tube and the upper-left corner of the

25 display screen, the correction magnetic field 26
deflects the side beam 7B more than the other side beam
7R toward the horizontal axis, as can be understood from
the arrows 32 and 33 shown in Fig. 6. When the
deflecting magnetic field deflects the beams 7B, 7G, and

30 7R to the the upper-left corner of the display screen,
the correction magnetic field 26 deflects the side beam
78 more toward the vertical axis and the side beam 7R
more toward the horizontal axis than in the case where

- the beams 7B, 7G, and 7R are deflected to an inter-

35 mediate position between the vertical axis of the screen
and the upper-left corner thereof.

In contrast, when the deflecting magnetic field
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Namely, since currents flow through the correction
coils 24 at the same time as the current in the horizon-
tal deflection coils 21 and in the opposite direction

15 thereto, the vertical mis-convergence (Fig. 4) at a
position between the vertical axis and any corner of the
screen can be much reduced, without jeopardizing the
convergence at the corners of the screen. As a result,

‘ good convergence is attained at any position on the

20 display screen.

A deflection device according to this invention was
made for operating test. 1In the device, two correction
coils 24 were positioned such that their two-turn win-
dings were located at the distance of 5 mm from the ver-

25 tical axis of the deflection device. The device was
incorporated into a 23-inch, 110 color cathode-ray
tube, and the cathode-ray tube was operated. Mis-
convergence of 0.5 mm was seen at each corner of the
display screen. Simultaneously, mis-convergence of

30 0.7 mm in the same direction was observed at any posi-
tion between the vertical axis and each corner of the
display screen of the cathode-ray tube. The mis-
convergence at any position between the vertical axis
and each corner is less than half the mis-convergence

35 occurring in the case where a conventional deflection
device without correction coils is employed.

The use of the correction coils 24 increases the

’
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from the vertical axis of the device. Nonegheless, the
windings may be located closer to or farther from the
vertical axis. They should not be positioned, however,

10 at a distance exceeding 10 mm from the plane containing
the vertical axis and center axis of the deflection
device. If the distance is more than 10 mm, the magne-
tic field the correction coils 24 generate can no longer
serve to reduce the mis-convergence occurring at any

15 position between the vertical axis and each corner of
the display screen.

The more turns each correction coil 24 has, the
more greatly the coil 24 serves to reduce the mis-
convergence. An increase in the number of turns,

20 however, may reduce the deflection angle of the electron
beams 7B, 7G, and 7R and may adversely influence the
characteristics of the deflection device. The mis-
convergence at a midpoint between the vertical axis and
each corner of the screen is about 1 to 2 mm in most

25 cases. It would therefore suffices to reduce the mis-
convergence by about 1 to 2 mm. In view of this, it is
required that the correction coils 24 have five or less
turns each. :

Two modifications of the deflection device shown in

30 Figs. 5A and 5B will be described, with reference to
Figs. 7A and 7B.

In the device of Figs. SA and 5B, the correction
coils 24, positioned in the plane Z-Y, are shaped such
that the halves of each turn of either coil 24 extend

35 parallel to the plane Z-Y and are symmetrical with
respect thereto as is evident from Fig. 5A. Instead, as
is shown in Fig. 7B, the correction coils 24 may be
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tube, comprises a pair of horizontal deflection coils 21
for generating a pincushion-shaped horizontal deflection
magnetic field and a pair of vertical deflection coils

15 23 for generating a barrel-shaped vertical deflection
magnetic field. It further comprises a pair of correc-
tion coils 24, which are spaced by 10 mm or less from
the plane containing the axis of the device and a ver-
tical axis extending at right angles to the axis of the

20 device. Currents flow in these coils 24, in synchronism
with and in an opposite direction to the currents
flowing in the horizontal deflection coils 21, whereby
the coils 24 generate a magnetic field. This magnetic
field deflects the side beams (i.e., two of the three

25 electron beams emitted from the electron bun unit of the
cathode-ray tube), in a specific manner. That is, when
the electron beams are directed to the intermediate
positions between the vertical axis and the each corners
of the screen, the outermost side beam which is posi-

30 tioned more remote from the tube axis that the inner-
most side beam or center beam is more deflected toward
the horizontal axis than the other innermost side beam.
In contrary, when the electron beams are directed to the
any corner of the screen, the innermost is more

35 deflected toward the horizontal axis than the outermost
side beam. As a result, the mis-convergence at any
position between the vertical axis and each corner of
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positioned near the neck of the envelope of the cathode-
ray tube in which the device is to be used. The addi-
tional coil assembly 51 comprises a pair of coils 24A
15 and another pair of coils 24B. The coils 24B of the
first pair are connected to the horizontal deflection
coils 21. Currents flow in the coils 24A in synchronism
with, and in the opposite direction to, those currents
flowing in the horizontal deflecting coils 21. The
20 coils 24A of the second pair are located adjacent to the
coils 24B, at the front of the deflection yoke 27 (that
is, within the large-diameter end of the funnel of the

envelope). Currents flow in these coil 24A in
synchronism with, and in the same direction as, the

25 currents flowing in the horizontal deflecting coils
21.

The coils 24A and the coils 24B are connected
together, in end-to-end fashion, forming a coil unit.
Each pair of coils of the assembly 51 is formed by
30 winding an insulated wire, forming an annular coil
having about five turns, by flattening the annular coil
into an elongated one, and by twisting the elongated
coil 180° at the middle porter thereof.
Referring back to Fig. 6, the horizontal deflec-
35 tion coils 21 generate horizontal deflection magnetic
fields 12H in a deflection region in which the three
electron beams 7B, 7G, and 7R emitted from the electron
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10 deflection region (Fig. 6) by the vertical deflection
magnetic field 12V and the horizontal deflection magne-
tic field 12H and are applied toward a position between
the vertical axis of the screen of the cathode-ray tube
and any corner of the screen, the magnetic field 26

15 generated by each coil 24B deflects the side electron
beam 7B more toward the horizontal axis (X axis) of the
screen as indicated by an arrow 32 than the other side
beam 7R is deflected toward the horizontal axis of the
screen as indicated by an arrow 33. On the other hand,

20 when the beams 7B, 7G, and 7R are deflected in the
deflection region (Fig. 6) by the vertical and
horizontal deflection magnetic fields 12V and 12H and
are applied toward any corner of the display screen, the
magnetic field 26 generated by each coil 24B deflects

25  the side electron beam 7B more away from, and the other
side beam 7R more toward, the horizontal axis (x axis)
of the screen than in the case where the beams 7B, 7G,
and 7R are deflected toward a position between the
vertical axis of the screen and any corner of

30 thereof.

When the electron beams 7B, 7G, and 7R are
deflected toward an upper-right position on the display
screen by the vertical and horizontal deflection magne-
tic fields 12V and 12H, the magnetic field 26 generated

35 by each coil 24B deflects the side electron beams 7B and
7R in a relation reverse to that relation which the
beams 7B and 7R have when the beams 7B, 7G, and 7R are
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the upper-right position of the screen. Hence, the

10 vertical mis-convergence at a position between the ver-
tical axis of the screen and any corner thereof can be
reduced, without jeopardizing the convergence at the
corner of the display screen.

When the coils 24B are energized, however, a

15 current flowing in the opposite direction to the hori-

' zontal de3flection currents flowing in the coils 24B
reduce the intensity of the pincushion-shaped horizontal
deflection magnetic field 12H. Consequently, horizontal
mis-convergence of the side beams 7B and 7R occurs as is

20 indicated by the side-beam patterns 15B and 15R shown in
Fig. 9. Nonetheless, this horizontal mis-convergence of
the side beams is minimized since the currents, which
flow in the coils 24A of the second pair in the same
direction as the currents flowing in the horizontal

25 deflection coils 21, intensify the pincushion-shaped
horizontal deflection magnetic field 12H at the region
near the front end of the deflection yoke 26.

In the deflection device of Figs. 8A and 8B, the
coils 24A and the coils 24B form an integrad unit, i.e.,

30 the additional coil assembly 51. The assembly 51 is
relatively simple in structure and can yet minimize the
vertical mis-convergence at a position between the ver-
tical axis of the screen and any corner thereof.

As described above, the coils 24A and the coils

35 24B, which constitute the additional coil assembly 51,
are positioned in the plane containing the center ang
vertical axes of the deflection yoke 26. It is
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tical axis of the screen and any corner thereof to the
horizontal mis-convergence.
As has been indicated, in the embodiment of

15 Figs. 8A and 8B, the coils 24B, in which currents flow
in synchronism with and in the opposite direction to
those currents flowing in the horizontal deflecting
coils 21, are located in the plane containing the center
and vertical axes of the screen and at the rear of the

20 - deflection yoke 26; and the coils 24A, in which currents
flow in synchronism with and in the same direction as
the currents flowing in the horizontal deflecting coils
21, are located in that plane and at the front of the
deflection yoke 17. The coils 24B generate a magnetic

25 field which reduces the vertical mis-convergence of the
side beam occurring at a position between the vertical
axis of the screen and any corner thereof. The coils
24A generate a magnetic field which minimizes the
horizontal mis-convergence caused by the magnetic field

30 generated by the coils 24B. As a result, sufficient
convergence of the three beams 7B, 7G, and 7R can be
maintained at any position.on the display screen of the
cathode-ray tube.
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10 vertical deflection means (23) for defleéting the

electron beams in a vertical direction in response to
vertical deflection signals, said vertical deflection
means (23) including a pair of vertical deflection coils
for generating a barrel-shaped vertical deflection

15 magnetic field;

characterized by further comprising:

correction means (24, 24A, 24B) for correcting the
deflection of the electron beams by applying a correc-
tion magnetic field to the electron beams in response to

20 the horizontal deflection signals, said correction means
(24, 24A, 24B) including a pair of correction coils
which are located near a vertical axis orthogonal to
said center axis and symmetrically with respect to the
vertical axis and in which currents flow in synchronism

25 with, and in a direction opposite to, the currents
flowing in said horizontal deflection coils (21).

2. The deflection device according to claim 1,
characterized in that said horizontal deflection coils
(21) are saddle-shaped.

30 3. A deflection device for use in a color cathode-
ray tube (1) having a center axis and means (8) for
emitting in-line electron beams, comprising:

horizontal deflection means (21) for deflecting the
electron beams in a horizontal direction in response to

35 horizontal deflection signals said horizontal
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characterized in that

_ correction means (24, 24A, 24B) for correcting the
deflection of the electron beams by applying a correc-
tion magnetic field to the electron beams in response to
the horizontal deflection signals, said correction means
(24, 24A, 24B) including a first pair of correction
coils which are located near a vertical axis orthogonal
to said center axis and symmetrically with respect to
the vertical axis and in which currents flow in
synchronism with, and in a direction opposite to, the
currents flowing in said horizontal deflection coils
(21), and a second pair of correction coils (24, 24A,
24B) which are located near said vertical axis and sym-
metrically with respect to said vertical axis and in
which currents flow in synchronism with, and in the same
opposite as, the currents flowing in said horizontal
deflection coils (21).

4. The deflection device according to claim 3,
characterized in that said horizontal deflection coils
(21) are saddle-shaped.

5. The deflection device according to claim 3,
characterized in that said correction coils (24B) of the
first pair are arranged between said second pair of
correction coils (24A) and said means (8) for emitting
in-line electron beams.
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further comprises a pair of correction coils (24) each
of which is located at a distance of 10 mm or less from
a plane containing the center and vertical axes of the

10 device, and in each of which a current flows in synchro-
nism with, and in a direction opposite to, the currents
flowing in the horizontal deflection coils.
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DESCRIPTION

"DEFLECTION DEVICE FOR USE
IN A COLOR CATHODE-RAY TUBE"

Background of the Invention
1. Field of the Invention’
The present invention relates to a deflection
device for use in an in-line color cathode-réy tube,

5 which is designed to deflect three electron beams
passing in the same plane, and more particularly to a
deflection device which has a convergence-correcting
coil for eliminating mis-convergence in an in-line color
cathode-ray tube of self-convergence type.

10 2. Description of the Related Art

Most color cathode-ray tubes have the structure

shown .in Fig. 1. As shown in Fig. 1, each of them
comprises an envelope 2 formed of a panel 1 and a funnel
9 integral with the panel 1. It further comprises a

15 phosphor screen 3 formed on the inner surface of the
panel 1, a shadow mask 4 located in the envelope 2, an
electron gun unit 8 located in the neck 6 of the enve-
lope 2, and a deflection device 10 surrounding the
adjoining portions of the neck 6 and large-diameter por-

20 tion 9 of the envelope 2. The screen 3 consists of
blue-light emitting phosphor stripes, green-light emitting
phosphor stripes, and red-light emitting phosphor stri-
pes. The shadow mask 4 opposes the phosphor screen 3

and has a number of apertures. The electron gun unit 8
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rays, green light rays, and red light rays. As a
result, the cathode-ray tube displays a color image.
The electron gun unit 8 is a so-called "in-line
type" designed to emit three electron beams, i.e., a
15 center beam 7G and two side beams 7B and 7R which pass
in the same plane. The horizontal deflection magnetic
field generéted by the unit 10 is shaped like a pin-
cushion as is shown in Fig. 2A. By contrast, the ver-
tical deflection magnetic field generated from the
20 device 10 is shaped like a'bar;el as is illustrated in
Fig. 2B. The magnetic fluxes 12H of the pincushion-
shaped magnetic field deflects the electron beams 7B,
7G, and 7R in a horizontal plane, while the magnetic
fluxes 12V of the barrel-shaped magnetic field deflects
25 the electron beams 7B, 7G, and 7R in a vertical plane.
Self-convergence type in-line color cathode-ray
tubes, described above, are commonly used in practice.
As Fig. 1 shows, the deflection device 10 comprises
a horizontal deflection coil 13H for generating the
30 pincushion-shaped horizontal deflection magnetic field,
and a vertical deflection coil 13V for generating the
barrel-shaped verticel deflection magnetic field.
Generally, the coils 13H and 13V are a saddle type and a
toroidal type, respectively. The pincushion-shaped
35 horizontal deflection megnetic field 12H coaverges the
electron beams 7B, 73, and 7R toward one another in the

horizontal pleane extending in en x axis, whereas the
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position descrlb%ﬂzqgﬁy%xmners of the display screen l14. In most cases,
the mis-convergence can be eliminated by adjusting the
distance between the deflection center of the horizontal
15 deflection coil 13H and that of vertical deflection coil
13v.

As has been indicated, the deflection device 10
generates a horizontal deflection magnetic field 12H
shaped like a pincushion, and a vertical deflection

20 magnetic field 12V shaped like a barrel. Hence, the
three electron beams 7B, 7G, and 7R can be converged at
any position in the horizontal and vertical axes of the
display screen l4. As shown in Fig. 4, however, mis-
convergence of the beams takes place in intermediate

25 regions between the corners and the horizontal and ver-
tical axes of the screen 14. The red-beam spot 15R, for
example, is formed closer to the center of the screen 14
than the blue-beam spot 15B in the right half of the
screen 14, and is located farther from the center of the

30 screen 14 than the blue-beam spot 15B in the left half
of the screen 14. The mis-convergence of the electron
beams inevitably deteriorates the quality of the image
the cathode-ray tube displays.

The mis-convergence occurring at a position between

35 the vertical axis y of the screen 14 and the eny corner
thereof may be minimized by altering the distribution of
the magnetic.fluxes generated by the deflection device
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eliminated almost completely. Mis-convergence can,
therefore, be suifficiently reduced at any position in
the horizontal and vertical axes of the screen 14 and at
15 any corner thereof, but not at a position between the
vertical axis y of the screen 14 and the any corner
thereof. That is, as shown in Fig. 4, mis-cbnvergence
remains between the axis y and each corner, such that
the red-beam spot 15R is located farther to the center
20 of the screen 14 than the blue-beam spot 15B in the
right half of the screen 14, and is located nearer the
center of the screen 14 than the blue-beam spot 15B in
the left half of the screen 14. The display screen
14, as a whole, has but poor convergence charac-
25 teristic.

The mis-convergence occurring between the axis y of
the screen 14 and each corner thereof can be reduced by
two alternative methods. The first is to alter the
distribution of deflection magnetic fluxes. The second

30 is said same method used to minimize the mis-convergence
at the corners of the screen 14. If either alternative
method is performed, however, a prominent mis-
convergence will occur at each corner of the display
screen 14, inevitably degrading the convergence all over

35 the display screen 14,

With the conventional method of eliminating or
reducing mis-convergence in an in-line cathode-ray tube
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ray tube of self-convergence type, which can much reduce

not only mis-convergence at any point in the horizontal
an vertical axes of the screen of the tube and at any
corner of the-screen but also mis-convergence at inter-
mediate regions between the corners and the horizontal
and vertical axes.

According to the invention, there is provided a
deflection device for use in a color cathode-ray tube
having a center axis and means for emitting in-line
electron beams, comprising:

horizontal deflection means for deflecting the
electron beams in a horizontal direction in response to
horizontal deflection signals, said horizontal deflec-
tion means including a pair of horizonteal deflection
coils for generating a pincushion-shaped horizonteal
deflection magnetic field;

vertical deflection means for deflecting the
electron beams in a vertical direction in response to
vertical deflection signals, said verticel deflection
means including & pair of vertical deflection coils for
generating a barrel-shaped vertical deflection magnetic
field; and

correction means for correcting the deflection of
the electron besams by applying a correction magnetic
field to the electron beams in response to the horizon-
tal deflection signals, said correction means including
a peir of correction coils which are loceted near z ver-
tical axis orthogonal to said center axis and sym-
metrically with respect to the vertical axis &and in

which currents flow in synchronism with, and in
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magnetic field  ection device for use in an
in-1ine color cathoheriapntal deﬁﬁeqﬁiQﬂﬂMa&mmvéogedeéleypéngSthe

Fig. 3isadig %I‘I:Sﬁpb%' AR ”Qnmash%%%r&%lcedlrect?ﬁ i Q%s%‘ogts%eto
corners of the sSplray screen  of dar &
sel f - convergenhernypatal deflectlpngsi@nais»(ﬁa@ﬂahogpratnpng
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tion coils for gennrating a plncushlon -shaped horizontal
deflection magnetic field;

vertical deflection means for deflecting the
electron beams in a vertical direction in response- to
15 vertical deflection signals, said vertical deflection
means including a pair of vertical deflection coils for
generating a barrel-shaped vertical deflection magnetic
field; and
correction means for correcting the deflection of
20 the electron beams by applying a correction magnetic
field to the electron beams in response to the horizon-
tal deflection signals, said correction means including
a first pair of correction coils which are located near
a vertical axis orthogonal to said center axis and sym-
25 metrically with respect to the vertical axis and in
which currents flow in synchronism with, and in a direc-
tion opposite to, the currents flowing in said horizon-
tal deflection coils, and a second pair of correction
coils which are located near said verticel axis and sym-
30 metrically with respect to said vertical axis and in
which currents flow in synchronism with, and in the same
opposite as, the currents flowing in said horizontal
deflection coils.
In an another aspect of the invention, there is
provided a deflection device comprising: & pair of hori-
zontal deflection coils for generating a pincushion-

)
wn

shaped horizontal deflection magnetic field; a pair of



of the device and a vertical axis extendlng at right
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side view of the I'ce "shown Fig. 6
is a diagram ex@®l$i ng how the defl ection deV|ce shown in Figs. 5A

R LRl el o sk
5A and less from a plane containing the axis of the device and

a vertical axis extending at right angles to the axis of
the device and in which currents flow in synchronism
with and in an opposite direction to currents flowing in

15 the horizontal deflection coils, the correction coils
generates a magnetic field which deflects the outermost
side electron beam more than the innermost side beam in
a horizontal plane, the outermost side beam being posi-
tioned more apart from the tube axis than the innermost

20 side beam, when the electron besams are directed to the
intermediate positions between the vertical axis of the
screen and any corner thereof. The innermost side beam
is more deflected than the outermost beam by the
pincushion-shaped horizontal deflection magnetic field

25 generated by the horizontal deflection coils, when the
electron beams are directed to the corners of the
screen. Hence, the correction coils can minimize the
mis-convergence between the vertical axis of the screen
and each'corner of the screen, without degrading the

30 convergence all over the display screen.

In yet another aspect of this invention, there is
provided a deflection device for deflecting three
electron beams passing in the same plane, comprising: &
deflection yoke having a saddle-shaped horizontal

35 deflection coil for generating a pincushion-shaped hori-
zontal deflection magnetic field for deflecting the
three electron bezms toward one another in a2 horizontel



5 of the deflection yoke and in a plane containing the
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shown in Fig. a diagram | ustra
conver gence caMﬁMﬁQ@ dﬁﬁlﬂﬁgh@nl©0ileldn@eﬁe$aceudby011 whilled fiis st coi |

of the defd ectipg.ge Cfn559$ﬁt'8 the. Jéﬂf?c§fbﬁn90§§ a39in a plane M1 9
10 is a front view s omnn icatio
) containing the central axis and vertical axis of the

deflection yoke and in which a current flows in synchro-
nism with and in the same direction as a current flowing
in the horizontal deflection coil.

15 Since the first coil is located in the position
described above, and a current flows in this coil in the
direction specified above, the first coil geherates a
magnetic field which reduces the verticel mis-
convergencé remaining between the vertical axis of a

20 display screen and each corner thereof. Since the
second coil is located in the position described above,
and a current flows in the second coil in the direction
specified above, the second coil generates a magnetic
field which reduces the horizontal mis-convergence

25 caused by the first coil and remaining between the ver-
tical axis of a display screen end each corner thereof.
Hence, the first coil and the second coil cooperate to
effectively minimize the mis-convergence occurring at a
position between the vertical axis of a display screen

30 and each corner thereof.
4. Brief Description of the Drawings

Fig. 1 is a cross-sectional view schematically
- showing a conventional color cathode-ray tube;
Fig. 2A is a diagram illustrating a pincushion-

35 shaped horizontal deflection magnetic field generated by

a deflection device for use in an in-line color cathode-

ray tube of self-convergence type: [REPLACEMENT SHRET
0 1 $EP 1858




35 the aeflectionE&§Vice shownlﬁgran exg%gln%f%;mis conv%fg%%talled
Descri ption of opﬁ@rmrl@gerar»e&h@(mwm of the dispkawoicresn obhfar hin-

present inventhqRe @3¢hoAR-May tube of self-convergence type; - 10 -
' Fig. ¢ is a diagram explaining mis-convergence
remaining even after correcting the mis-convergence at

10 the corners of the display screen of the in-line
cathode-ray tube of self-convergence type;

Fig. SA is a front view of a deflection device
according, to a first embodiment of the invention, which
is designed for use in an in-line cathode-ray tube of

15 self-convergence type; '

Fig. 5B is a partiy broken-away, side view of the
deflection device shown in Fig. S5A;

Fig. 6 is a diagram explaining how the deflection
device shown in Figs. 5A and 5B reduces mis-

20 convergence;

Figs. 7A and 7B are front views showing modifica-
tions of the deflection device shown in Figs. 5A and
5B;

Fig. 8A is a front view of a deflection device

25 according to a second embodiment of the invention, which
is designed for use in an in-line cathode-ray tube of
self-convergence type;

Fig. 8B is a partly broken-away, side view of the
deflection device shown in Fig. 8A;

30 Fig. 9 is a diagram illustrating the mis-
convergence caused by the magnetic field generated by
the first coil of the deflection device shown in
rigs. 8A and 8B; and

Fig. 10 is a front view showing a modification of

35 the deflection device shown in Figs. 8A and 8B.

5. Detailed Description of the Preferred Embodiments

Embodiments of the present inveh{iggfmggch being
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a deflection device for use in an i n-line cat% ds tub o]f'l fhe
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tube, respectively. _
Inside the separator 20, a pair of saddle-shaped
horizontal deflecting coils 21 are located. A tapered,

15 hollow cylindrical core 22' is mounted on the separator
20 and positioned coaxial therewith. A pair of toroidal
vertical deflection coils 23 are wound around the core
22. The horizontal deflection coils 21 and the vertical
deflection coils 23 constitute a deflection coil 27.

20 The horizontal deflection coils generate a pincushion-
shaped horizontal deflection magnetic field, whereas the
vertical deflection coils 23 generate a barrel-shaped
vertical deflection mégnetic field.

The deflection device further comprises a pair of

25 correction coils 24, i.e., an upper correction coil and
a lower correction coil. Each correction coil 2¢ is
placed in a plane Z-Y which contains the axis 2ZD of the
deflection device and a vertical line extending at right
angles to the axis ZD. As is evident from Fig. S5A, the

30 halves of each turn of either correction coil 24 extend
substantially pareallel to the plane Z-Y and are sym-
metrical with respect thereto.

The vertical deflection coils 23 are connected to a
vertical deflection current source 40, and the horizon-

35 tal deflection coils 21 and the correction coils 24 are
connected to a horizontal deflection current source 42,
The correction coils 24 are connected to the horizontal .



5 the coils 21.
tube, respectively
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magnetic field.geflection magnetic fields 12H in a deflection region in

which the three electron beams 7B, 7G, and 7R emitted
from the electron gun unit of the cathode-ray tube.

15 Simultaneously, the correction coils 24 generate correc-
tion magnetic fields 26 in the same deflection region.
Since either correction magnetic field is a local one,
the beams 7B, 7G, and 7R are deflected in different
directions which are determined by the positions they

20 take with respect to the correction field.

More precisely, when the deflecting magnetic field
deflects the beams 7B, 7B, and 7R to an intermediate
position between the vertical axis of the display screen
of the cathode-ray tube and the upper-left corner of the

25 display screen, the correction magnetic field 26
deflects the side beam 7B more than the other side beam
7R‘toward the horizontal axis, as can be understood from
the arrows 32 and 33 shown in Fig. 6. When the
deflecting magnetic field deflects the beams 7B, 7G, and

30 7R to the the upper-left corner of the display screen,
the correction magnetic field 26 deflects the side beam
7B more toward the vertical axis and the side beam 7R
more toward the horizontal axis than in ths case where
the beams 7B, 7G, and 7R are deflected to an inter-

35 mediate position between the vertical axis of the screen
and the upper-left corner thereof.

In contrast, when the deflecting magnetic field
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e deflection device further conprjses a pair o corregtion ils
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and the correction qids 24 Hfce currents flow through the correction
coils 24 at the same time as the current in the horizon-
tal deflection coils 21 and in the opposite direction
15 thereto, the vertical mis-convergence (Fig. 4) at a
position between the vertical axis and any corner of the
screen can be much reduced, without jeopardiéing the
convergence at the corners of the screen. As a result,
good convergence is attained at any position on the
20 display screen.

A deflection device according to this invention was
made for operating test. In the device, two correction
coils 24 were positioned such that their two-turn win-
dings were located at the distance of 5 mm from the ver-

25 tical axis of the deflection device. The device was
incorporated into a 23-inch, 110 color cathode-ray
tube, and the cathode-ray tube was operated. Mis-
convergence of 0.5 mm was seen at each corner of the
displey screen. Simultaneously, mis-convergence of

30 0.7 mm in the same direction was observed at any posi-
tion between the vertical axis and each corner of the
display screen of the cathode-ray tube. The mis-
convergence at any position bestween the vertical axis
and each corner is less than half the mis-convergence

35 occurring in the case where a conventional deflection
device without correction coils is employed.

The use of the correction coils 24 increases the



5 In the first embodiment, the correction coils 24

comected Lo SyiteL bl AR O CuKeNt ddSgdZuere 5 Bheafgy ection
from the vertical axis of the device. Nonetheless, the
windings may be located closer to or farther from the
vertical axis. They should not be positioned, however,

10 at a distance exceeding 10 mm from the plane containing
the vertical axis and center axis of the deflection
device. If the distance is more than 10 mm, the magne-
tic field .the correction coils 24 generate can no longer
serve to reduce the mis-convergence occurring at any

15 position between the vertical axis and each corner of
the display screen.

The more turns each correction coil 24 has, the
more greétly the coil 24 serves to reduce the mis-
convergence. An increase in the number of turns,

20 however, may reduce the deflection angle of the electron
beams 7B, 7G, and 7R and may adversély influence the
characteristics of the deflection device. The mis-
convergence at a midpoint between the vertical axis and
each corner of the screen is about 1 to 2 mm in most

25 cases. It would therefore suffices to reduce the mis-
convergence by about 1 to 2 mm. In view of this, it is
required that the correction coils 24 have five or less
turns each.

Two modifications of the deflection device shown in

30 Figs. 5A and 5B will be described, with reference to
Figs. 7A and 7B.

In the device of Figs. 5A and SB, the correction
coils 24, positioned in the plane Z-Y, are sheped such
that the halves of each turn of either coil 24 extend

35 parallel to the plane 2z-Y and are symmetrical with
respect thereto as is evident from Fig. 5A. 1Insteed, as
is shown in Fig. 7B, the correction coils 24 may be



5 Zz-Y plane as it extends toward the large-diameter end of

defl ection coi ﬁHP a current flows in the coils 24 in
synchroni sm vm'étlﬁe t?%e cugr]tréaa'?i?f ow ng in the hori zontal defl ection
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12H in a defl QN dAPPséd a pair of horizontal deflection coils 21

for generating a pincushion-shaped horizontal deflection
magnetic field and a pair of vertical deflection coils

15 23 for generating a barrel-~shaped vertical deflection
magnetic field. It further comprises a pair of correc-
tion coils 24, which are spaced by 10 mm or less from
the plane containing the axis of the device and a ver-
tical axis extending at right angles to the axis of the

20 device. Currents flow in these coils 24, in synchronism
with and in an opposite direction to the currents
flowing in the horizontal deflection coils 21, whereby
the coils 24 generate a magnetic field. This magnetic
field deflects the side beams (i.e., two of the three

25 electron beams emitted from the electron bun unit of the
cathode-ray tube), in a specific manner. That is, when
the electron beams are directed to the intermediate
positions between the vertical axis and the each corners
of the screen, the outermost side beam which is posi-

30 tioned more remote from the tube axis that the inner-
most side beam or center beam is more deflected toward
the horizontal axis than the other innermost side beam.
In contrary, when the electron beams are directed to the
any corner of the screen, the innermost is more

35 deflected toward the horizontel axis than the outermost
side beam. As a result, the mis-convergence at any
position between the vertical axis and each corner of
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ray tube in which the device is to be used. The addi-
tional coil assembly 51 comprises a pair of coils 24A

15 and another pair of coils 24B. The coils 24B of the
first pair are connected to the horizontal deflection
coils 21. Currents flow in the coils 24A in synchronism
with, and in the opposite direction to, those currents
flowing in the horizontal deflecting coils 21. The

20 coils 2¢4A of the second pair are located adjacent to the
coils 24B, at the front of the deflection yoke 27 (that
is, within the large-diameter end of the funnel of the
envelope). Currents flow in these coil 24A in
synchronism with, and in the same direction as, the

25 currents flowing in the horizontal deflecting coils
21.

The coils 24A and the coils 24B are connected

together, in end-to-end fashion, forming a coil unit.
Each pair of coils of the assembly 51 is formed by

30 winding an insulated wire, forming an annular coil
having about five turns, by flattening the annular coil
into an elongated one, and by twisting the elongated
coil 180° at the middle porter thereof.

Referring back to Fig. 6, the horizontal deflec-

35 tion coils 21 generate horizontel deflection magnetic
fields 12H in a deflection region in which the three
electron beems 7B, 7G, and 7R emitted from the electron
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upper-left corneictfitebdf12H and are applied toward a position between
the vertical axis of the screen of the cathode-ray tube
and any corner of the screen, the magnetic field 26
15 generated by each coil 24B°deflects the side electron
beam 7B more toward the horizontal axis (x axis) of the
screen as indicated by an arrow 32 than the 5ther side
beam 7R is deflected toward the horizontal axis of the
screen as indicated by an arrow 33. On the other hand,
20 when the beams 7B, 7G, and 7R are deflected in the
deflection region (Fig. 6) by the vertical and
horizontal deflection magnetic fields 12V and 12H and
are applied toward any corner of the display screen, the
magnetic field 26 generated by each coil 24B deflects
25 the side electron beam 7B more away from, and the other
side beam 7R more toward, the horizontal axis (x axis)
of the screen than in the case where the bsams 7B, 7G,
and 7R are deflected toward a position between the
vertical axis of the screen and any corner of
30 thereof.

When the electron besams 78, 7G, and 7R are
deflected toward an upper-right position on the display
screen by the vertical and horizonteal deflection magne-
tic fields 12V and 12H, the magnetic field 26 generated

35 by each coil 24B deflects the side electron beams 7B and
7R in a relation reverse to that relation which the
beams 7B and 7R have when the beams 7B, 7G, and 7R are
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In contrast,
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magnetic field 26 generated by each coil 24B deflects
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the case where the beams 7B, 7G, and 7R are deflected
toward an upper-left position on the screen or toward
the upper-right position of the-screen. Hence, the
vertical mis-convergence at a position between the ver-
tical axis of the screen and any corner thereof can be
reduced, without jeopardizing the convergence at the
corner of .the display screen.

When the coils 24B are energized, however, a
current flowing in the opposite direction to the hori-
zontal de3flection currents flowing in the coils 24B
reduce the intensity of the pincushion—shapeé horizontal
deflection magnetic field 12H. Consequently, horizontal
mis-convergence of the side beams 7B and 7R occurs as is
indicated by the side-beam patterns 15B and 15R shown in
Fig. 9. Nonetheless, this horizontal mis-convergence of
the side beams is minimized since the curreants, which
flow in the coils 24A of the second pair in the same
direction as the currents flowing in the horizontal
deflection coils 21, intensify the pincushion-shaped
horizontal deflection magnetic field 12H at the region
near the front end of the deflection yoke 26.

In the deflection device of Figs. 8A and 8B, the
coils 24A and the coils 24B form an integral unit, i.e.,
the additional coil assembly 51. The assembly 51 is
relatively simple in structure and can yet minimize the
vertical mis-convergence at a position between the ver-
tical axis of the screen and any corner thereof.

As described above, the coils 24A and the coils

'24B, which constitute the additional coil assembly 51,

are positioned in the plane containing the center and
vertical axes cf thg deflection yoke 26. It is
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tical axis of the screen and any corner thereof to the

horizontal mis-convergence.

. As has been indicated, in the embodiment of
15 Figs. 8A and 8B, the coils 24B, in which currents flow
in synchronism with and in the opposite direction to
those currents flowing in the horizontal deflecting
coils 21, are located in the plane containing the center

and vgrtical axes of the screen and at the

rear of the

20 deflection yoke 26; and the coils 24A, in which currents
" flow in synchronism with and in the same direction as
the currents flowing in the horizontal deflecting coils
21, are located in that plane and at the front of the
deflection yoke 17. The coils 24B generate a magnetic
25 field which reduces the vertical mis-convergence of the
side beam occurring at a position between the vertical

axis of the screen and any corner thereof.

The coils

24A generate a magnetic field which minimizes the

horizontal mis-convergence caused by the magnetic field

30 generated by the coils 24B. As a result,
convergence of the three beams 7B, 7G, and

sufficient

7R can be

maintained at any position on the display screen of the

cathode-ray tube.
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devi ce. horidomted Weflection signal, the horizontal deflection means
10 incfuding‘a pair of saddle shaped horizontal deflection coils
(21) for generating a pincushion-shaped horizontal deflection
magnetic field (12H); '
vertical deflection means for deflecting the electron
beams (7g,7g.7g) in a vertical direction in response to a
15 vertical deflection signal, the vertical deflection means
including a pair of vertical deflection coils (23) for
generating a barrel-shaped vertical deflection magnetic field
(12V); and
correction means (24,24A,24B) for correcting the
20 deflection of the electron beams (7g,7g.7p) by applying a
correction magnetic field (26) to the electron beams in
response to the horizontal deflection signal, said correction
means (24,24A,24B) including a pair of first correction coils
(24,24B) arranged in symmetry with respect to a plane
25 containing the center axis (Zp) and the horizontal axis (X),
wherein each of said first correction coils (24,24B) is
located in symmetxry with respect to a plane containing the
center axis (Zp) and the vertical axis (Y);
characterized in that '
30 each of said first correction coils (24,24B) is located
in a space defined between the corresponding saddle shaped
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the current flowing in the horizontal deflection coils (21)
I ncorporated in 23-inch, .110.cal or, cat hode-r . tube .and the
cath e-raﬁu?hbégags%ﬂa%%c q\?leg&) 18 ger&%ﬁﬁfeﬁ%&% BB A9 Rs seen
at each compeconfrehence of dilsplelecraerbedmsndy areastgrmedsatt@®nver gence
of 30 0.7 Ln_the sane di.rection S.0 rved at. oSl - tion
bet ween thBO%}PBaP’eMef%ﬂH‘%a%‘?{f@ﬁ eq’mg?t%%g'ex%l&r%i%ﬁ%yogc?een of
t he cat hodseregntube. The m s- convergence at any position between
the vertical axis . and each corner is less than half the

m s- conver gence 35 occurring in the case where a conventional deflection
deviz@e without Ther defilectder ddwicam@Eageediing to clainiitle, use of the

correcti Oncﬁg.iréétééi.z%g ?313%4@95aid correction means ingludes a pair
of second correction coils (24A) which are located in a space
defined between the corresponding saddle shaped horizontal
deflection coil (21) and the envelope (2) and in symmetry

15 with respect to the plane containing the center axis (2p) and

the vertical axis (Y), wherein currents flow Ehrough the pair
of second correction coils (24A) in synchronism with, and in
the same direction as, the current flowing in the horizontal
deflection coils (21).

20
3. The deflection device according to claim 2,
characterized in that said first correction coils (24B) are
arranged between said second correction coils (24A) and said
means (8) for emitting in-line electron beams.

25

4. The deflection device according to claim 1, 2 or 3,
characterized in that the windings of the first and second
correction coils (24,24A,24B) extending in symmetry with
respect to the plane containing the center axis (2Zp) and the
30 vertical axis (y) orthogonal to the center axis (Zp) are
positioned within a_distance of 10mm from that plane.
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the display screen. The|{nore turns each corregc iok coil 24
has, the nore greatly.the | 24 serves to reduce¢ | ppsS-
convergence. An increase in the nlinb¢r|of turns; 20 hpwevef , may
reduce the defl ection angle off th¢ elfegt+or—————————beans , G and 7R
and may adversely influence _the _Characteristics o hel defl ection
device. The m s- converg i dpoi nt between th¢ verti
axi s and each cornenl _of the > ' nm|i n nost
25 cases. |t would therefore SN et = )
convergence by about 1 to 2 mm IR _— ) “‘ZEquired
that the correction coils 24 haveR e : . o4
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turns each. ection devi ce shown

I n 30 Figs. 5A and 5B ppe to
Figs. 7A and 7B. and 5B, the
correction coils 2 iti e -\Y, are shaped such

that the halves of each turnfoftei ' A€ 35 _parallel to
the plane Z-Y and are symet{i ' ) hereto as is
evident fromFig. 5A Instea g. 7B, the
correction coils 24 may be 21
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t he separator 20. Ifln the nodifijcation of Fig}l JA the correction
coils 24 may be located injthe | arge-di amtéter end Qgg—___l - ion of the
separator 20. 10 As| h|gs been indicated, the fll¢efi on ‘devi ce of
Figs. 5A and 5B, designed fof| use in a colfor cathode-r 4\ t ube,
conprises a pair of horizoptgl deflectionfcoils 21 Il for generating a
pi ncushi on- shaped hori zont hll defl ection magneti c |1 (Elﬂ and a pair of
vertical deflection coil's FLS| "23 for genérating a bar el {shaped verti cal
defl ection magnetic figld. It further conprises Mpaﬁi r of correc-
tion coils 24, which are spaded by 10 mm ¢r | ess from
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) Claims | puom o ancewr,, MW

t he pl ane contalnlng the axis of the device andia—ver——— —tical—axi-s
extendi ng at ght angles to _the axis of the 20 device. Currents flowin
these coil §-24,Aidesheckioni davice foy upeahd 3 rakpoppddiade diaectiba to

the curreny$) ha | oM @gveNopBe (hpri goptatedeitest col er eby
the coils 24ﬁgen§lg?e ??c élg hlsena netlgﬁﬂ .é?e d %gflects

the side bB% ort@ggog t he FH?eEeﬂger BXETt HZDY HeAROEHFPREJLf r om t he

el ectron banxsn(X)Obrth@gonal teéathedeeneyrt abes , (24) aarkPestdhdgdRENCEo

b | h di at
posi  Pons. PARWEEFEFRL veRt f AT . RRdanathe ShofoE il fnLiRe .

screen, theleateomuis¢ansd¢7he2g) W) chthe @doslection device comprising:

' horizontal deflection means for deflecting the electron
beams (7g,7g.7g) in a horizontal direction in response to a
horizontal deflection signal, the horizontal deflection means

10 including.a pair of saddle shaped horizontal deflection coils
(21) for generating a pincushion- shaned horizontal deflection
magnetic. field (12H);

vertical deflection means for defleéting,the electron °
beams (7g,7g,7g) in a vertical direction in response to a

15 vertical deflection signal, the vertical deflection means
including a pair of vertical deflection coils (23) for
generating a barrel-shaped vertical deflection magnetic field
(12V); and

correction means (24,24A,24B,51) for correcting the
20 deflection of the electron beams (7g,7g,7g) by applying a
correction magnetic field (26) to the electron beams in
response to the horizontal deflection signal, said correction
means (24,24A,24B,51) including a pair of first correction
coils (24,24B) arranged in symmetry with respect to a plane
25 containing the center axis (Zp) and the horizontal axis (X),
wherein each of said first correction coils (24,24B) is
located in symmetry with respect to a plane containing the
center axis (Zp) and the vertical axis (Y), and each of said
first correction coils (24,24B) is located in a space defined
30 between the corresponding saddle shaped horizontal deflection
coil (21) and the envelope (2); '
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30 ?ioneﬁnﬂnre renote fromthe tube axis that the inner- nost si de

beam or center deaindorrEyE defietieddawiics a paitherhekicegrt al axi s than

t he ot her jnpernost side be . I.n contrary, when the el ectron beans
are direct 8T HR co:.elsan%r MR 3R L @ SpRcEs@atinedore 35

def | ect ed bewweeh ttte hudrawy@lding sddie dmped eofsontal e deam As
2y esuly OB LU GG (2) arkf Y PTG
10 to the plane containing the center axis (Zp) and the vertical
axis (Y), wherein currents flow through the pair of second
correction coils (24A) in synchronism with and in the same
direction as the current flowing in the horizontal deflection
coils (21).
15
2. The deflection device according to claim 1,
characterized in that said first correction coils (24B) are
. arranged between said second correction coils (24A) and said
means (8) for emitting in-line electron beams.
20 '
3. The deflection device according to claim 1 or 2,
characterized in that the windings of the first and second
correction coils (24,24A,24B) extending in symmetry with
respect to the plane containing the center axis (Zp) and the
25 vertical axis (y) orthogonal to the center axis (Zp) are

~ positioned within a distance of 10mm from that plane.
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paged ...
- 15- ‘f“théf§gr 65Ht8e ﬁﬁn|n1§ed mnthout degradlng £he.-C ok
ver gencePat “eachtthrder mot ot hedispr ay screen. ‘Good Cgonvergente ofii
el ectron beans is attained at any p05| tion on the di spl ay screen of
the cathode-ray tube 5 Anot her defl.ection device according to the
pr esent Yerfion will be described;, wmth reference of Figs. 8A

8B, it

LV‘ LALLM L) . y'cwuu prediece LS IRIEYNRE

DESCRIPTION

"DEFLECTION DEVICE FOR USE .
IN A COLOR CATHODE-RAY TUBE"

Background of the Invention

1. Field of the Invention’ .
The present invention relates to a deflection
device for use in an in-line color cathode-ray tube,

5 which is designed to deflect three electron beams
passing in the same plane, and more particularly to a
deflection device which has a convergence-correcting
coil for eliminating mis-convergence in an in-line color
cathode-ray tube of self-convergence type.

10 2. Description of the Related Art
Most color cathode-ray tubes have the structure
shown in Fig. 1. As shown in Fig. 1, each of them
comprises an envelope 2 formed of a panel 1 and a funnel
9 integral with the panel 1. It further comprises a
15 phosphor screen 3 formed on the inner surface of the
panel 1, & shadow mask ¢ located in the envelope 2, an
electron gun unit 8 located in the neck 6 of the enve-
lope 2, and a deflection device 10 surrounding the
adjoining portions of the neck 6 and large-diameter por-
20 tion 9 of the envelope 2. The screen 3 consists of
blue-light éhitting phosphor stripes, green-light emitting
phosphor stripes, and red-light emitting phosphor stri-
. pes. The shadow mask 4 opposes the phosphor screen 3
and has & number of apertures. The electron gun unit 8
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resuTt, the cathode-ray tube displays a color image.
The electron gun unit 8 is a so-called "in-line
type" designed to emit three electron beams, i.e., a
15 center beam 7G and two side beams 7B and 7R which pass
in the same plane The horizontal deflection magnetic
field generated by the unit 10 is shaped like a pin-
cushion as is shown in Fig. 2A. By contrast, the ver-
tical deflection magneﬁic field generated from the
20 device 10 is shaped like a barrel as is illustrated in
Fig. 2B. The magnetic fluxes 12H of the pincushion-
shaped magnetic field deflects the electron beams 7B,
7G, and 7R in a horizontal plane, while the magnetic
fluxes 12V of the barrel-sheped magnetic field deflects
25 the electron beams 7B, 7G, and 7R in a vertical plane.
Self-convergence type in-line color cathode-ray
tubes, described above, are commonly used in practice.
As Fig. 1 shows, the deflection device 10 comprises
a2 horizontal deflection coil 13H for generating the
30 pincushion-shaped horizontal deflection magnetic field,
and a vertical deflection coil 13V for generating the
barrel-shaped vertical deflection magnetic field.
Generally, the coils 13H and 13V are a saddle type and a
toroidel type, respectively. The pincushion-shaped
35 . horizontal deflection magnetic field 12H converges the
electron beams 7B, 7B, and 7R toward one another in the

horizontal plazne extending in an X axis, whereas the
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at the corners of the display screen 14. 1In most cases,
the mis-convergence can be eliminated by adjusting the
distance between the deflection center of the horizontal
deflection coil 13H and that of vertical deflection coil
13V.

As has been indicated, the deflection device 10
generates a horizontal deflection magnetic field 12H
shaped like a pincushion, and & vertical deflection
magnetic field 12V shaped like a barrel. Hence, the
three electron beams 7B, 7G, and 7R can be converged at
any position in the horizontal and vertical axes of the
display screen 14. As shown in Fig. ¢, however, mis-
convergence of the beams takes place in intermediate
regions between the corners and the horizontal and ver-
tical axes of the screen 14. The red-beam spot 15R, for
example, is formed closer to the center of the screen 14
than the blue-beam spot 15B in the right half of the .
screen 14, and is located farther from the center of the
screen 14 than the blue-beam spot 15B in the left half
of the screen 14. The mis-convergence of the electron
beams inevitably deteriorates the quality of the image
the cethode-ray 'tube displays.

The mis-convergence occurring at & position between
the vertical axis y of the screen 14 and the any corner
thereof may be minimized by altering the distribution of

the magnetic fluxes generated by the deflection device

v
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horizontal-deflection currents supplied to the upper and
10 lower coils constituting the horizontal deflection coil
13H. Mis-convergence in any corner of the screen 14 is
eliminated almost completely. Mis-convergence can,
therefore, be sufficiently reduced at any position in
the horizontal and verticel axes of the screen 14 and at
15 any corner thereof, but not at a position between the
vertical axis y of the screen 14 and the any corner
thereof. That is, as shown in Fig. 4, mis-convergence
remains between the axis y and each corner, such that
the red-beam spot 15R is located farther to the center
20 of the screen 14 than the blue-beam spot 15B in the
right half of the screen 14, and is located nearer the
center of the screen 14 than the blue-beam spot 15B in
the left half of the screen 14. The display screen
14, as a whole, has but poor convergence charac-
25  teristic.

The mis-convergence occurring between the axis y of
the screen 14 and each corner thereof can be reduced by
two alternative methods. The first is to alter the
distribution of deflection magnetic fluxes. The second

30 is said same method used to minimize the mis-convergence
at the corners of the screen 14. If either alternative
method is performed, however, a prominent mis-
coﬁvergence will occur at each corner of the display
screen 14, inevitably degrading the convergence all over

35 the display screen 14.

wWith the conventional method of eliminating or
reducing mis-convergence in an in-line cathode-ray tube
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- 16 - 5 3Jun SHMReEY PRetbst ABYENLAP™ ube are travel |l ed.
Si mul taneously, the Tiel 6b36Btobft bRk hsvepriongarenas rovide M@gnetic -
figlds 26 in the sane defl ection Le%ion. The . _.hmgnetic Jieﬂggégtber
coil 24B gener %5 FS 2 P oBEV 16fe IO 5 YSOTHE &L P& Jﬁ% (AR AEtERSeand 7R
are deflected iray tubedoff sekfitcdnvertience Wypeh aleateteaminnerh hyediee
B ated by | 05 D LS-EohDeEBRRER, o0 P ST et zoneey
defl ectedl@n then vertical axes of the screen of the tube and at any
corner of the screen but also mis-convergence at inter-
~ mediate regions between the corners and the horizontal
and vertical axes.
According to the invention, there is provided =z
15 deflection device for use in a color cathode-ray tube
having & center axis and means for emitting in-line
electron beams, comprising:
horizontal deflection means for deflecting the
electron beams in a horizontal direction in response to
20 horizontal deflection signals, said horizontal deflec-
tion means including a peir of horizontal deflection
coils for generating & pincushion-shaped horizonteal
éeflection magnetic field;
verticel deflection means for deflecting the
25 electron beams in a vertical direction in response to
vertical deflection signels, said vertical deflection
means including a pair of verticel deflection coils for
generating a barrel-shaped verticeal deflection magnetic
field; and |
30 correction means for correcting the deflection of
the electron beams by applying a correction magnetic
iield to the electron beams in response to the horizon-
tal deflection signals, said correction means including
a pair of correction coils which are located near a ver-
35 ticel axis orthogonal to said center axis and sym-
netrically with respect to the vertical axis and in
which currents flow in synchronism with, and in

1)
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: deflection magnetic field; : '
vertical deflection means for deflecting the
electron beams in a verticel direction in response to
15 vertical deflection signals, said vertical deflection
means including a pair of vertical deflection coils for
generating a barrel-shaped vertical deflection magnetic
field; and
correction means for correcting the deflection of
20 the electron beams by applying a correction magnetic
field to the electron beams in response to the horizon-
tal deflection signals, said correction means including
a first pair of correction coils which are located near
a vertical axis orthogonal to said center axis and sym-
25 metrically with respect to the verticel axis and in
which currents flow in synchronism with, and in a direc-
tion opposite to, the currents flowing in said horizon-
tal deflection coils, and & second pair of correction
coils which are located near said vertical axis and sym-
30 metrically with respect to said vertical axis and in
which currents flow in synchronism with, and in the seme
opposite as, the currents flowing in said horizontal
deflection coils.
In an another aspect of the invention, there is

35 provided a deflection device comprising: & palr o hori-

+h

zontal deflection coils for generating a pincushion-
1

1'
shaped horizontal deflection magnetic field; 'a pair of
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a vertical axis extendlng at right angles to the axis of
the device and in which currents flow in synchronism
with and in an opposite direction to currents flowing in

15 the horizontal deflection coils, the correction coils
generates a megnetic field which deflects the outermost
side electron beam more than the innermost side beam in
a horizontal plane, the outermost side beam being posi-
tioned more apart from the tube axis than the innermost

20 side beam, when the electron beams are directed to the
intermediate positions between the vertical axis of the
screen and any corner thereof. The innermost side beam
is more deflected than the outermost beam by the
pincushion-shaped horizontal deflection magnetic field

25 generated by the horizontal deflection coils, when the
electron beams are directed to the corners of the
screen. Hence, the correction coils can minimize the
mis-convergence between the vertical axis of the screen
and each corner of the screen, without degrading the

30 convergence all over the display screen.

In yet enother aspect of this invention, there is
provided a deiflection device for deflecting three
electron beams passing in the same plane, comprising: a
deflection yoke having a saddle-shaped horizontal

35 deflection coil for generating a pincushion-shaped hori-
zontel deflection magnetic field for deflecting the
three electron beams toward one another in a horizontal
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to that relation beans have when B, 7G
and 7R are and in which a current flows in synchrgylsn with and in

an opposite direction to a current flowing 1n  the hori-
zontal deflection coil; and a second coil whlch is

10 located in front of the deflection yoke and in a plane
containing the central axis and vertical axis of the
deflection yoke and in which a current flows in synchro-
nism with and in the same direction as a current flowing
in the horizontal deflection coil.

15 Since the first coil is located in the position
described above, and a current flows in this coil in the
direction specified above, the first coil generates a
magnetic field which reduces the vertical mis-
convergence remaining between the verticel axis of a

20 display screen and each corner thereof. Since the
second coil is located in the position described above,
and a current flows in the second coil in the direction
specified above, the second coil generates a magnetic
field which reduces the horizontzl mis-convergence

25 caused by the first coil and remazining between the ver-
tical axis of a display screen and each corner thereof.
Hence, the first coil and the second coil cooperate to .
effectively minimize the mis~convergence occurring at a
position between the vertical axis of a display screen

30 and each corner thereof.

4. Brief Description of tne Drawings _
Fig. 1 is a cross-sectional view schematically
showing a conventional color cathode-ray tube;
Fig. 2A is a diegram illustrating a pincushion-

35 shaped horizontal deflection magnetic field generated by

a deflection device for use in an in-line color cathode-

ray tube of self-convergence type;
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cathode-ray tube of self-convergence type;

Fig. 5A is a front view of a deflection device
according to a first embodiment of the invention, which
is designed for use in an in-line cathode-ray tube of

15 self-convergence type; '

Fig. 5B is a partly broken-away, side view of the
deflection device shown in Fig. 5A;

Fig. 6 is a diagram explaining how the deflection
device shown in Figs. 5A and 5B reduces mis-

20 convergence;

Figs. 7A and 7B are front views showing modifica-
tions of the deflection device shown in Figs. 5A and
5B; | | '

Fig. 8A is a front view of a deflection device

25 according to 2 second embodiment of the invention, which
is designed for use in an in-line cathode-ray tube of
self-convergence type;

Fig. 8B is a partly broken-away, side view of the
deflection device shown in Fig. B8A;

30 Fig. 9 is a diagram illustrating the mis-
convergence caused by the magnetic field generated by
the first coil of the deflection device shown in
Figs. 8A and 8B; and

Fig. 10 is a front view showing a modification of

35 the deflection device shown in Figs. BA and 8B.

5. Detailed Description of the Preferred Embodiments

Embodiments of the present invention, each being
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tube, respectively.
Inside the separator 20, a pair of saddle-shaped
horizontal deflecting coils 21 are located. A tapered,

15  hollow cylindrical core 22' is mounted on the separator
20 and positioned coaxial therewith. A pair of toroidal
vertical deflection coils 23 are wound around the core
22. The horizonteal deflection coils 21 and the vertical
deflection coils 23 constitute a deflection coil 27.

20 The horizontal deflection coils generate a pincushion-
shaped horizontal deflection magnetic field, whereas the
vertical deflection coils 23 generate a barrel-shaped
vertical deflection magnetic field.

The deflection device further comprises a pair of

25 correction coils 24, i.e., an upper correction coil and
a lower correction coil. Each correction coil 2¢ is

- placed in a plane Z-Y which contains the axis ZD of the
deflection device and a vertical line extending at right
angles to the axis 2D. As is evident from Fig. 5A, the

30 halves of each turn of either correction coil 24 extend
substantially parallel to the plane Z-Y and are sym-
metrical with respect thereto.

The verticeal deflection coils 23 are connected to a
vertical deflection current source 40, and the horizon-

35 tal deflection coils 21 and the correction coils 24 are
connected to & horizontal deflection current source 42.
The correction coils 24 are connected to the horizontel
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deflection magnetic fields 12H in a deflection region in
which the three electron beams 7B, 7G, and 7R emitted
from the electron gun unit of the cathode-ray tube.
15 Simultaneously, the correction coils 24 generate correc-
 tion magnetic fields 26 in the same deflection region.
Since either correction magnetic field is a local one,
the beams 7B, 7G, and 7R are deflected in different
directions which are determined by the positions they
20 take with respect.to the correction field.

More precisely, when the deflecting magnetic field
deflects the beams 7B, 7B, and 7R to an intermédiate
position between the vertical axis of the display screen
of the cathode-ray tube and the upper-left corner of the

25 display screen, the correction magnetic field 26
deflects the side beam 7B more than the other side beam
R toward the horizontal axis, as can be understood from
the arraws 32 and 33 shown in Fig. 6. When the
deflecting magnetic field deflects the beams 7B, 7G, and

30 7R to the the upper-left corner of the display screen,
the correction magnetic field 26 deflects the side beam
78 more toward the vertical axis and the side beam 7R
more toward the horizontal axis then in the case where
+he beams 7B, 7G, and 7R are deflected to an inter-

35 mediate position between the vertical axis of the screen

5

and the upper-left corner thereof.

=

n contrast, when the deflecting magnetic field
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magneulc field deflects the besams 7B, 7G, and 7R to the

lower edge of the display screen, the side beams 7B and

7R are deflected in a relation same as the relation in

10 which they are deflected when the three beams are

deflected to the upper edge of display screen.

Namely, since currents flow through the correction
coils 24 at the same time as the current in the horizon-
tal deflection coils 21 and in the opposite direction

15 thereto, the vertical mis-convergence (Fig. 4) at a
position between the verticel axis and any corner of the
screen can be much reduced, without jeopardizing the
convergence at the corners of the screen. As a result,

. good convergence is attained st any position on the

20 display screen.

A deflection device according to this invention was
made for operating test. In the device, two correction

coils 24 were positioned such that their two-turn win-
dings were located at the distance of 5 mm from the ver-

25 tical axis of the deflection device. The device weas
incorporeted into a 23-inch, 110 color cathode-ray
tube, and the cathode-ray tube was operated. Mis-
convergence of 0.5 mm was seen at each corner of the
display screen. Simultaneously, mis-convergence of

30 0.7 mm in the same direction was observed at any posi-
tion between the vertical axis and each corner of the
display screen of the cathode-ray tube. The mis-
convergence at any position between the vertical axis
and each corner is less than helf the mis-convergence

35 occurring in the case where e conventional deflection
device without correction coils is employed.

The use of the correction coils 24 increases the
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device. If the distance is more than 10 mm, the magne-
tic field the correction coils 24 generate can no longer
serve to reduce the mis-convergence occurring at any

15 position between the vertical axis and each corner oif
the display screen.

The more turns each correction coil 2¢ has, the
more greatly the coil 24 serves to reduce the mis-
convergence. An increase in the number of turns,

20 however, may reduce the deflection angle of the electron
beams 7B, 7G, and 7R and mey adversely influence the
characteristics of the deflection device. The mis-
convergence at a midpoint between the vertical axis and
each corner of the screen is about 1 to 2 mm in most

25 cases. It would therefore suffices to reduce the mis-
convergence by about 1 to 2 mm. In view of this, it is
required that the correction coils 24 have five or less
turns each.

Two modifications of the deflection device shown in

30 Figs. 5A and 5B will be described, with reference to

Figs. 7A and 7B.

In the device of Figs. 5A and 5B, the correction
coils 24, positioned in the plane 2z-Y, are shaped such
that the halves of each turn of either coil 24 extend
35 parallel to the plane Z-Y and are symmetrical with
respect thereto as is evident from Fig. S5A. 1Instead, as

is shown in Fig. 7B, the correction coils 24 may be
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the tront o te%be comprises a pair of horizontal deflection coils 21
for generating a pincushion-shaped horizontal deflection
magnetic field and a pair of vertical deflection coils

15 23 for generating a barrel-shaped vertical deflection
magnetic field. It further comprises a pair of correc-
tion coils 24, which are spaced by 10 mm or less from
the plane containing the axis of the device and a ver-
tical exis extending at right angles to the axis of the

20 device. Currents flow in these coils 24, in synchronism
with and in an opposite direction to the currents
flowing in the horizontal deflection coils 21, whereby
the coils 24 generate & magnetic field. This magnetic
field deflects the side beams (i.e., two of the three

25 electron beams emitted from the electron bun unit of the
cathode-ray tube), in a specific manner. That is, when
the electron beams are directed to the intermediate
positions between the vertical axis and the .each corners
of the screen, the outermost side beam which is posi-

30 tioned more remote from the tube axis that the inner-
most side beam or center beam is more deflected toward
the horizontal axis than the other innermost side beam.
In contrary, when the electron beams are directed to the
any corner of the screen, the innermost is more

35 deflected toward the horizontal axis than the outermost
side beam. As a result, the mis-convergence at any
position between the vertical axis and each corner of
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Lhe cols 248 ooindal R s SUULEY, pe SPONET d2RER Rl LTI oo Deare
of the 10 caveoddcedyatilse.(y axis) and center axis (z axis) of a
deflection yoke 27. In other words, the assembly 5 is
positioned near the neck of the envelope of the cathode-
ray tube in which the device is to be used. The addi-
tional coil assembly 51 comprises a pair of coils 24A
15 and another pair of coils 24B. The coils 24B of the
first pair are connected to the horizontal deflection
coils 21. Currents flow in the coils 242 in synchronism
with, and in the opposite direction to, those currents
flowing in the horizontazl deflecting coils 21. The
20 coils 24A of the second peir are located adjacent to the
coils 24B, at the front of the deflection yoke 27 (that
is, within the large-diameter end of the funnel of the

envelope). Currents flow in these coil 24A in
synchronism with, and in the same direction as, the

25 currents flowing in the horizontal deflecting coils
21.

The coils 24A and the coils 24B are connected
together, in end-to-end fashion, .forming a coil unit.
Each pair of coils of the assembly 51 is formed by
30 winding an insuleted wire, forming an annular coil
having about five turns, by flattening the annular coil
into an elongated one, and by twisting the elongated
coil 180° at the middle porter thereof.
Referring back to Fig. 6, the horizontal deflec-
'35 tion coils 21 generate horizontal deflection megnetic
fields 12H in a deflection region in which the three
electron beams 7B, 7G, and 7R emitted from the electron
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magilietlc rield elfer Coll Z4B generates 1s a local one.

'Therefore, the beams 7B, 7G, and 7R are deflected in

different directions which are determined by the posi-
tions they take with respect to the magnetic field
generated by the coil 24B.

When the beams 7B, 7G, and 7R are deflected in the
deflection region (Fig. 6) by the vertical deflection
magnetic field 12V and the horizontal deflection magne-
tic field 12H and are applied toward a position between
the vertical axis of the screen of the cathode-ray tube
and any corner of the screen, the magnetic field 26

generated by each coil 24B'deflects the side electron

beam 7B more toward the horizontal axis (x axis) of the
screen as indicated by an arrow 32 than the other side
beam 7R is deflected toward the horizontal axis of the
screen as indicated by an arrow 33. On the other hand,
when the beams 7B, 7G, and 7R are deflected in the
deflection region (Fig. 6) by the vertical and
horizontal deflection magnetic fields 12V and 12H and
are applied toward any corner of the display screen, the
magnetic field 26 generated by each coil 24B deflects
the side electron beam 7B more.away from, and the other
side beam 7R more toward, the horizontal axis (x axis)

the beams 7B, 7G,
and 7R are deflected toward a position between the

of the screen than in the case where

vertical axis of the screen and any corner of
thereof.

When the electron beams 7B, 7G, and 7R are
deflected toward an upper-right position on the display
screen by the vertical and horizontal deflection magne-
tic fields 12V and 12H, the magnetic field 26 generated
by each coil 24B deflects the side electron beams 7B and
7R in a2 relation reverse to that relation which the
beams 7B and 7R have when the beams 7B, 7G, and 7R are
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(7[err], I err]vefeicd) mhsacbovergehak direcpbeitibnr éepwese tthel ver-
tical axis of the screen and any corner thereof can be
reduced, without jeopardizing the convergence at the
corner of the display screen.
_ When the coils 248 are energized, however, a
15 current flowing in the opposite direction to the hori-
zontal de3flection currents flowing in the coils 24B
reduce the ihtensity of the pincushion-shaped horizontal
deflection magnetic field 12H. Consequently, horizontal
mis-convergence of the side beams 7B and 7R occurs as is

20 indiceted by the side-beam patterns 15B and 15R shown in
Fig. 9. Nonetheless, this horizontal mis-convergence of

the side beams is minimized since the currents, which
low in the coils 24A of the second pair in the same
irection as the currents flowing in the horizontzl

O i

Iy

lection coils 21, intensify the pincushion-shaped

horizontal deflection magnetic field 12H at the region

the front end of the deflection yoke 26.

In the deflection device of Figs. 8A and .88, the
coils 24A and the coils 24B form an integral unit, i.e.,

30 the additional coil assembly 51. The assembly 51 is
relatively simple in structure and can yet minimize the

Q,

25

e

near

vertical mis-convergence at a position between the ver-
tical axis of the screen and any corner thereof.
As described above, the coils 242 and the coils
35 24B, which constitute the additional coil assembly 51,
are positioned in the plane containing the center and
ie

vertical axes of the deflection yoke 26. It is
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for generatlng a |ncush|on shaped horlz ction
field (12H); wiat Loyerfdc shegaids |2d=|$ ﬁ’@a/n IVt ajéﬂda'@hurmg the
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tical axis of the screen end any corner thereof to the
horizontal mis-convergence.
As has been indicated, in the embodiment of
15 Figs. BA and 8B, the coils 24B, in which currents flow
in synchronism with and in the opposite -direction to
those currents flowing in the horizontal deflecting
coils 21, are located in the plane containing the center
and vertical axes of the screen and at the rear of the
20 - deflection yoke 26; and the coils 24A, in which currents
flow in synchronism with and in the same direction es
the currents flowing in the horizontal deflecting coils
21, are loceted in that plane and at the front of the
deflection yoke 17. The coils 24B generate a magnetic
25 field which reduces the vertical mis-convergence of the
side beam occurring st e position between the vertical
axis of the screen and any corner thereof. The coils
24A generate a magnetic field which minimizes the
horizontal mis-convergence caused by the magnetic field
30 generated by the coils 24B. As a result, sufficient
convergence of the three beams 7B, 7G, and 7R can be
meintained at any position on the display screen of the
cathode-ray tube.
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coi | (211 and the envel ope
0 vertlcal erlectlon means (23) for deflecting the

electron beams in a vertical direction in response to
vertical deflection signals, said vertical ‘deflection
means (23) including a pair of vertical deflection coils
for generating a-barrel—shaped vertical -deflection

15 magnetic field;

characterized by further comprising: )

correction means (24, 24A, 24¢B) for correcting the
deflection of the electron beams by applying a correc-
tion magnetic field to the electron beams in response to

20 the horizontal deflection signals, said correction means
(24, 24A, 24B) including a pair of correction coils
which are located near a vertical axis orthogonal to
said center axis and symmetrically with respect to the
vertical axis and in which currents flow in synchronism

25 with, and in a direction opposite to, the currents
flowing in said horizontal deflection coils (21).

2. The deflection device according to claim 1,
characterized in that said horizontal deflection coils
(21) are saddle-shaped.

30 3. A deflection device for use in a color cathode-
ray tube (1) having & center axis and means (8) for
emitting in-line electron beams, comprising:

horizontal deflection means (21) for deflecting the
electron beams in a horizontal direction in response to

35 horizontal derflection signels, said horizontal
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opposite to means (23) including a pair of vertical deflection coils
for generating a barrel-shaped vertical deflection
magnetic field;
10 characterized in that
correction means (24, 24A, 24B) for correcting the
deflection of the electron beams by applying a correc-
tion megnetic field to the electron beams in response to
the horizontal deflection signals, said correction means
15 (24, 247, 24B) including a first pair of correction
coils which are located near a vertical axis orthogonal
to said center axis and symmetrically with respect to
the verticel exis and in which currents flow in
synchronism with, and in a direction opposite to, the
20 currents flowing in said horizontal deflection coils
(21), and a second pair of correction coils (24, 244,
24B) which are located near said vertical axis and sym-
metrically with respect to said vertical axis end in
which currents flow in synchronism with, and in the same
25 opposite as, the currents flowing in sazid horizontal
deflection coils (21). '
4, The deflection device according to cleim 3,
characterized in that said horizontal deflection coils
(21) are saddle-shaped.
30 5. The deflection device according to claim 3,
' characterized in that said correction coils (24B) of the
first pair are arranged between said second pair of
correction coils (24A) and seaid means (8) for emitting

in-line electron beams.
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10 device, and in each of which a current flows in synchro-

nism with, and in a direction opposite to, the currents
flowing in the horizontal deflection coils.

Figs. 5A and 5B,

REPLACEMENT SHEET
09 SEP 1996




2.. The deflection device according t
said first correction coils (2483

correction coils (24A) and said 13H
el ectron beans. 20 3. _ The dg
2, characterized in tH
correction coils (24,2
t he pl ane contai ni ng
ort hogonal to the
10mm from t hat pl ane.

arqpterized in that
A€En said second
ng in-line
gXto claim1 or
: d|second

respect to
?‘tﬂcal axis (y)
in aldi st ance of

REPLACEMENT SHEET
N9 SEP 1996




REPLACEMENT SHEET

n9 SEP 1996

14
X
FI1G 3 |
- M| Trmmm—e e e —
—————— R
1
———————— e
S - > _ .= >.\
- 158
1
X
FIG 4 | <ooosslorTiis
X

FI1G OSA




<SS b

HORIZONTAL
DEFLECTION
CURRENT

‘| DEFLECTION
CURRENT

FI1G 5B

VERTICAL
DEFLECTION

CURRENT SOURCE

40

HORIZONTAL

REPLACEVENT SFL |

ool

09 SEP 199

]

o
~
(]

L- - .

DEFLECTION

CURRENT SOURCE

42

T 32

24




(<

&

FI1G T7TA

_RE?LACEMENT SHEET
| 09 SEP196 | |

aa>

@@

FI1G 7B




27
/
248
X
248 20
24A 2
REPLACEMENT SEE
F 16 8A CEMENT SHEET
09 SEP 1996
27

20




{58
| _I-15R




