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ABSTRACT OF THE DISCLOSURE

A transverse alignment assembly utilizing two magnetic
field producing means positioned diametrically opposite
each other on the neck of a multi-gun cathode ray tube in
conjunction with a suitably shaped external pole piece is
adjustable to produce transverse motion of one electron
beam along a selected horizontal line and to produce trans-
verse motion of the remaining electron beams along the
same horizontal line in an opposite direction to effect the
proper superposition of the beams on the phosphor screen
in a manner which obviates the need for readjustment of
the radial convergence assembly.

——————

Background of the invention

This invention relates generally to color television re-
ceiver systems, and more particularly to improved con-
vergence apparatus for the multi-gun cathode ray tubes
used in such systems.

The cathode ray tubes commonly used in color televi-
sion receivers have a three gun unitized electron beam
source directed toward a screen comprising a multiplicity
of triads of red, green, and blue phosphor dots located on
the front panel of the tube. Positioned between the gun
structure and the phosphor screen is a foraminous metal-
lic shadow mask with each opening in the mask corre-
sponding to one triad of phosphor dots on the viewing
panel. In operation, the three electron beams must con-
verge at the shadow mask for all deflection angles to as-
sure that the three pictures produced by the three electron
beams are properly superimposed at each point and com-
bine to produce a full color picture.

A commonly used method for attaining the proper con-
vergence necessary for the reproduction of a color image
having good color purity and resolution utilizes a gun as-
sembly having the electron guns positioned such that their
axes intersect at the proper static convergence point. A
magnetic beam convergence assembly positioned on the
exterior of the picture tube neck provides dynamic con-
vergence operation in accordance with the beam position
at a given instant and in addition provides adjustments
which permit compensation for errors in beam alignment.
This assembly provides individual radial motion for each
of the three electron beams. There also must be provided
a component of motion at right angles, i.e. transverse mo-
tion, to the radial motion for at least one electron beam,
since random beam misalignment cannot be corrected sole-
ly by radial motion.

While a number of methods have been devised and
utilized to provide the desired transverse motion adjust-
ment of one of the electron beams, they have generally
proved to be unsatisfactory. In some cases, the transverse
adjustment mechanism requires a substantial amount of
magnetic field direction, or shielding, within the tube so
that only the one electron beam will be affected by the
adjustment mechanism. This, of course, results in an in-
creased tube cost, and further it has been found in prac-
tice that the internal shielding is not completely effective
so that resulting fringe fields adversely affect the other
electron beams. Still other alignment devices have been
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found to be effective only on picture tubes which have
been constructed with extreme accuracy where the mis-
alignment to be corrected is relatively small, since they de-
flect the diverse portions of each electron beam in an in-
homogeneous manner, thus distorting the electron spots
and degrading picture resolution. However, where picture
tubes are manufactured in large quantities, it is difficult
and costly to maintain such standards of extreme accuracy,
et it is still necessary that the manufactured tubes have
satisfactory convergence, purity and resolution charac-
teristics.
Objects and summary of the invention

Accordingly, it is an object of this invention to provide
convergence apparatus of economical design which over-
comes the foregoing difficulties to thereby achieve a pic-
ture tube assembly with highly satisfactory image repro-
duction characteristics at minimum cost. )

Another object of this invention is to provide conver-
gence apparatus which minimizes both the amount and
the inhomogeneity of the deflection of the electron beams,
thus minimizing spot distortion and resultant loss of resolu-
tion.

Still another object of this invention is to provide con-
gergence apparatus which does not require internal tube
shielding to effect transverse beam alignment.

A further object of this invention is to provide conver-
gence apparatus capable of correcting transverse beam
misalignment of one electron beam in a color picture tube
without adversely affecting the relative alignment of the
three electron beams in the picture tube.

These and other related objects are achieved in one as-
pect of the invention by the provision of an electron beam
convergence assembly adapted to be mounted upon the
exterior of the picture tube neck. Individual radial con-
vergence devices are provided for each of the beams of
the multiple gun structure. To accomplish the transverse
beam alignment, two opposing magnetic fields are es-
tablished within the neck of the picture tube in a manner
such that the first magnetic field is substantially vertical
with respect to one electron beam and the second mag-
netic field of opposite direction is substantially vertical
with respect to the remaining electron beams. Means are
provided for adjusting these opposing magnetic fields such
that only transverse motion of the electron beams will re-
sult.

Brief description of the drawings

FIG. 1 is a sectioned plan view of a color cathode ray
tube and its associated components;

FIG. 2 is a diagrammatic representation of the devices
which produce, control and converge the electron beams;

FIG. 3 is a diagrammatic representation of a radial con-
vergence device and its relation to the electron beams from
the electron guns;

FIG. 4 is a diagrammatic representation of a purity
magnet device and its relation to the electron beams from
the electron guns;

FIG. 5 is a diagrammatic representation of a transverse
alignment assembly according to the invention and its
relation to the electron beams from the electron guns;

FIGS. 6, 7, and 8 represent diagrammatically the mag-
netic field directions and magnitudes at each electron
beam produced by the magnets, individually and collec-
tively, of the transverse alignment assembly; and

FIGS. 9 and 10 illustrate diagrammatically one method
of attaining proper comvergence in accordance with the
present invention.

Description of the preferred embodiments

For a better understanding of the present invention, to-
gether with other and further objects, advantages, and
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capabilities thereof, reference is made to the following
disclosure and appended claims in connection with the
above-described drawings.

Referring now to FIG. 1, there is shown a multiple
gun cathode ray tube 11 of the type commonly employed
in color television receivers. The tube consists of a face
plate 13, a funnel portion 15 and the tube neck 17 which
is terminated with an electrical connector base 19. De-
posited on the face plate 13 is the phosphor screen 21
consisting of a multiplicity of triads of color phosphor
dots. Mounted within the tube 11 in spaced relationship
with the phosphor screen is a foraminous shadow mask
23. A deflection yoke assembly 25 which produces the
vertical and horizontal scanning of the electron beams
is mounted on the exterior of the neck 17 in close prox-
imity to the funnel portion of the cathode ray tube 11.
The additional apparatus mounted on the neck of the
tube consists of a radial convergence device 27, a purity
magnet 29 and the transverse alignment assembly 31. The
radial convergence device 27 operates in conjunction with
the transverse alignment assembly 31 to converge the
three electron beams to a single desired point in the static
convergence operation. Effectively, the purity magnet 29
is operative to shift the three beams in a desired direction
so that after passing through the foraminous shadow
mask they impinge in substantial superposition upon their
respective phosphor dots.

FIG. 2 shows diagrammatically two electron guns 33
of a multiple electron gun structure where each electron
gun 33 consists of a cathode element 41, a control grid
43, a screen grid 45, a focus electrode 47, an accelerating
anode 49, and convergence pole pieces 51. As illustrated
for a static condition, the beams 53, 54 from the electron
guns ideally converge at an opening in the foraminous
shadow mask 23 such that each beam will excite only its
respective phosphor dot of the screen on the panel 13.
As illustrated, the radial convergence device 27 is mounted
on the exterior of the neck of the tube proximate the con-
vergence pole pieces 51 of the electron guns, the purity
magnet 29 is mounted near the mid-portion of the focus
electrode 47 and the transverse alignment assembly is
mounted near the end of the focus electrode 47. In gen-
eral, the radial convergence device 27 must always be
mounted proximate the convergence pole pieces, but the
purity magnet 29 and the transverse alignment assembly
31 may be mounted in any position which affords maxi-
mum control over the electron beams from the electron
guns 33. In the aforementioned ideal situation, with the
electron guns precisely mounted with respect to one an-
other and the foraminous shadow mask in the cathode
ray tube, the electron beams would properly converge at
the mask during static operation so that the purity mag-
net, the transverse alignment assembly and the static radial
convergence adjustment would be unnecessary. As a prac-
tical matter, such a precise assembly is not possible and
therefore the corrective devices must be utilized to attain
- the proper beam alignment.

FIGS. 3-5 illustrate diagrammatically the manner in
which each of the corrective devices of the alignment
apparatus control the electron beams of a three electron
gun cathode ray tube wherein the gun structures 33 are
spaced 120° apart from one another. In each instance the
corrective action is affected by varying the strength or
direction of the magnetic fields indicated by the dotted
lines, with the motion imparted to the electron beams
53, 54 indicated by arrows.

FIG. 3 illustrates diagrammatically the radial forces
exerted on the electron beams 53, 54 by the radial con-
vergence device 27. These electron beams emerge from
the vicinity of the center of their respective electron guns
33 and enter the magnetic fields established between their
respective convergence pole pieces 51. In operation the
magnets of the radial convergence device 27 are indi-
vidually controlled so that the radial position of each
beam 53, 54 is independently controlled over the entire
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4
scanning raster. The directions of the respective magnetic
fields existing between the convergence pole pieces 51
associated with each beam determines whether the beams
will be deflected radially toward or away from one
another.

FIG. 4 illustrates the manner in which the purity mag-
net 29 is operative to control the direction of the electron
beams 53, 54. Typically, a purity magnet consists of a
pair of washer-like magnetic pieces surrounding the neck
17 of the cathode ray tube. The purity magnet provides
a fairly uniform field across the interior of the neck of the
cathode ray tube and exerts substantially equal deflection
forces, both with respect to direction and magnitude, on
each of the electron beams. Axial rotation of the purity
magnet 29 changes the direction of the magnetic field
within the neck of the tube and changing the relative posi-
tions on the pair of washer-like magnetic pieces with re-
spect to one another operates to vary the magnitude of
the magnetic field.

FIG. 5 illustrates one embodiment of the transverse
alignment assembly 31 according to the invention which
comprises a support member 61 of permeable magnetic
mtaerial adapted to be mounted on the neck 17 of the
cathode ray tube. The support member has a first sup-
port 63 containing a first magnet 65. Directly opposite
the first support is a second support 67 containing a sec-
ond magnet 69. The support member in the region of the
second support forms an extended pole piece for the
second magnet such that the magnetic field emerging
therefrom is relatively wide as compared to the magnetic
field emerging from the first magnet 65. The magnets 65
and 69 are inserted in their respective supports with like
poles of each magnet adjacent the neck 17 of the tube
(as shown with both north poles adjacent the neck of
the tube). The support member is positioned on the neck
of the tube such that the first magnet 65 is disposed di-
rectly above one of the electron guns 33 and the second
magnet 69 is disposed below and equidistant from the
remaining two electron guns.

In -effect the transverse alignment assembly 31 illus-
trated in FIG. 5 establishes a relatively narrow magnetic
field which is substantially vertical in the area of an elec-
tron beam ‘53 from one electron gun and establishes a
relatively broader second magnetic field of opposite po-
larity which is substantially vertical in the regions of the
electron beams 54 of the two remaining electron guns.
FIGS. 6, 7, and 8 illustrate the manner in which the indi-
vidual magnets 65 and 69 of FIG. 5 cooperate to provide
the desired magnetic fields in the regions of the electron
beams 53, 54. As seen in FIG. 6, the magnet 65 is opera-
tive to produce a vertical magnetic field component in
the region of the electron beam 53 and also produces
magnetic field components of smaller magnitude in the
regions of the electron beams 54 with the latter magnetic
fields being directed outwardly at an angle from the ver-
tical. Referring further to FIG. 7, the magnet 69 in co-
operation with the permeable member 61 operates to
produce magnetic field components directed inwardly
from the vertical in the regions of electron beams 54 and
also produces a smaller vertical magnetic field compo-
nent in the region of electron beam 53. As indicated by
the direction of the arrows, the direction of the magnetic
field components produced by the magnet 69 are oppo-
site to the direction of the magnetic field components
produced by the magnet 65.

As shown in FIG. 8, the magnetic field components of
FIGS. 6 and 7 combine to produce resultant magnetic
fields which are substantially vertical in the regrons of
the electron beams 53, 54 with the field in the region of
electron beam 53 being in a direction opposite to the field
in the regions of the electron beams 54. The magnitudes
of the respective magnetic fields can be changed by ad-
justing the positions of the magnets 65 and 69 in their
respective supports 63 and 67. However, it is found that
the directions of the magnetic fields in the regions of the
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electron beams 53, 54 remain substantially vertical over
a wide range of such adjustments. The gross directions
of the magnetic fields may be changed by reversing the
positions of the magnets in their respective supports, i.e.,
by placing the south poles of both magnets adjacent to
the neck 17 of the tube.

FIGS. 9 and 10 illustrate one simplified method of
attaining convergence as provided by the present inven-
tion. For this illustration it is assumed that the hollow
circles labeled B, R, and G represent the initial positions
of the beams from the three electron guns on the shadow
mask. First, as shown in FIG. 9, through the use of the
radial convergence device 27, the R and G beams are
brought to a point of convergence and the B beam is de-
flected so that it lies on the same horizontal line 71 as
the converged R and G beams. Then, as shown in FIG.
10, by suitably adjusting the magnets 65 and 69 of the
transverse alignment assembly 31, the converged RG
beams and the B beam are brought to convergence along
the horizontal line 71 thereby forming the converged
BRG beams. Since the fields produced by the magnets 65
and 69 remain substantially vertical in the regions of the
electron beams 53, 54 over a wide range, the electron
beams are restricted to horizontal motion over this range
as the transverse alignment assembly 31 is adjusted, there-
by maintaining convergence of the previously converged
R and G beams and eliminating the necessity for readjust-
ment of the radial convergence device 27.

While the inventive concept of a transverse alignment
assembly providing opposing magnetic fields which are
substantially vertical in the regions of the electron beams
of a multi-gun cathode ray tube has been described in
conjunction with one specific embodiment, it will be
obvious that there are many alternative forms the inven-
tion could take. For example, the magnets 65 and 69
could be electromagnets rather than permanent magnets
or could take other forms such as cylinders magnetized
across a diameter and rotatable to vary the field strength.
If cylindrical magnets, magnetized across a diameter,
are used, they must be fixed in position relative to the
cathode ray tube, with the cylinder axes parallel to each
other and parallel to the tube axis. As another example,
the extended pole piece associated with the magnet 69
could be an integral part of the magnet and move with
it. Also, it can be appreciated that there are many pos-
sible variations in the mechanical support member 61
used for holding the the magnets in the proper positions.
Other changes and modifications within the scope of the
invention will be readily apparent to those skilled in the
art. It is therefore intended that the invention not be
limited to the specifics of the foregoing description, but
rather is to embrace the full scope of the following
claims.

I claim:

1. In image reproduction apparatus including a cath-
ode ray tube having an envelope with a face panel, a cir-
cular neck portion, an image reproduction screen formed
on the inner surface of said face panel and a plurality
of electron gun structures disposed in said neck portion
with each of said electron guns providing an electron
beam directed to impinge upon said screen, apparatus
for controlling the relative positions of said beams in a
transverse direction, said apparatus comprising:

first magnetic field producing means mounted on the

exterior of the neck portion of said cathode ray
tube directly above a first one of said electron guns
with a magnetic pole of first polarity positioned ad-
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jacent the neck -portion of said cathode ray tube
and a magnetic pole of second polarity positioned
away from the neck portion of said cathode ray
tube; and

second magnetic field producing means mounted on
the exterior of the neck portion of said cathode ray
tube directly opposite said first magnetic field pro-
ducing means with a magnetic pole of first polarity
of said second magnetic field producing means posi-
tioned adjacent the neck portion of said cathode
ray tube and a magnetic pole of second polarity po-
sitioned away from the neck portion of said cathode
ray tube.

2. The invention according to claim 1 additionally
comprising means for adjusting said first and second mag-
netic field producing means to thereby vary the magni-
tudes of the magnetic fields produced in the regions of
said electron beams.

3. In image reproduction apparatus including a cath-
ode ray tube having an envelope with a face panel,
a circular neck portion, an image reproduction screen
formed on the inner surface of said face panel and three
electron gun structures disposed in said neck portion
with each of said electron guns providing an electron
beam directed to impinge upon said screen, apparatus
for controlling the relative positions of said beams in
a transverse direction, said apparatus comprising:

a support member of permeable material having first
and second magnet supports on opposite sides there-
of, said support member mounted on the exterior
of the neck portion of said cathode ray tube with
said first magnet support positioned directly above
a first one of said electron guns; and

first and second magnets mounted respectively in the
first and second magnet supports of said support
member with like magnetic poles of first polarity of
each of said magnets positioned inwardly toward
the exterior of the nmeck portion of said cathode ray

' tube and like magnetic poles of opposite polarity
of each of said magnets positioned outwardly away
from the exterior of the neck portion of said cath-
ode ray tube.

4. The invention according to claim 3 additionally
comprising means for adjusting said first and second mag-
nets in said first and second magnet supports, respective-
ly, to thereby vary the magnitudes of the magnetic fields
produced in the regions of said electron beams.

S. The invention according to claim 3, wherein said
support member additionally comprises an extended pole
piece in spaced relation with said second magnet support,
said extended pole ipiece cooperating with said second
magnet to produce an extended magnet field emerging
therefrom in the direction of the electron beams ema-
nating from the electron guns within the neck portion
of said cathode ray tube.
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