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This invention relates to the control of the
electron beams of cathode ray tubes. More par-
ticularly, it has reference to apparatus for effect-
ing- a control of the focus of an electron beam
so that the size of the scanning spot may be
maintained. substantially constant throughout
the scanned raster and distortions of a rectangu-
lar raster may be substantially eliminated.

The use of cathode ray tubes for television and
other purposes such as oscilloscopes requires that
an ‘electron beam, which may be formed by
aceelerating and suitably focusing electrons, be
deflected to scan a bredetermined raster in the
plane of a target electrode. The initial focusing
of the beam is effective to produce 8 Cross-sec=
tional area thereof of predetermined dimensions
in the general region of the target electrode to
be impinged by the beam. Ordinarily, where the
target electrode has a somewhat concave spheri-
cal form, the cross-sectional size of the electron
beam is substantially uniform throughout the
entire scanned raster; particularly in cases where
relatively wide deflection angles are not employed.

Where it is hecessary to deflect an electron
beam in a conventional manner over a substan-
tially flat-target electrode and through a rela-
tively wide angle, the conventional focusing of
the beam is not effective to maintain a uniform
size. of the beam eross-section throughout the

entire raster scanned at the target electrode. If |

the pre-deflection focusing of the beam is efféc~
tive to produce g cross-sectional size of the de=
sired. dimensiong approximately at the center of
the scanned raster, the size of this beam ares

in portions of the raster remote froim the center ;

is considerably greater. Particularly for tele-
vision purposes, an objectiohable blurring or 1oss
of detail is produced in the corners and along the
edges of the picture.

Furthermore, the adjustment of the pre-deflec-
tion focusing system so that the desired size of
the beam cross-section is achieved at the center
of the scanned raster may cause an objectionable
distortion of the raster from the desired rectan-
gular shape. This distortion is particularly no-
ticeable when the beam is employed to scan a
substantially flat target electrode and is gener-
ally known as “pin-cushion” distortion. The
hoerizohtal and vertieal edges of the scanned
raster are not straight, but instead are somewhat
concave inwardly.
- It is an object of the present invention, there-

fore; to provide an electron beam control system,
whereby to maintain substantially the same focus
of the electron beam in all- bortions of a raster
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2
geanned thereby in the plane of a target electrode.

Another object of the invention is to provide
an auxiliary eleciron beam focusing system,
whereby to maintain a substantially uniform size
of the beam cross-section in all barts of the
raster scanned thereby in the plane of g5 sub-
stantially flat target electrode angd whereby the.
raster may be maintained substantially free from
distortion.

Still another object of the present invention
is to provide a post-defiection focusing system for
an electron beam, whereby to maintain the beam
in good focus in all areas of a substantially flat
target electrode and whereby “pin-cushion” dis-
teration of the scanned raster is eliminated.

In accordance with. this invention the cathode
ray tube is provided with g focusing system lo-
cated in a region along the path of the beam
after it is deflected. In a preferred form of the
invention, the post-deflection focusing system is
electromagnetic including 3 plurality of coils and
surrounds the deflected path of the beam and
encempasses the target electrode.

The novel features that are considered charae-
teristic of this invention are set forth with par-
ticularity in the appended claims. The invention
itself, however, both as to its organization and
method of operation, as well as additional objects
and advantages thereof, will best be understood
from the following description when read in con=
nection with the accempanying drawings.

In the drawings:

Figure 1 is g graphical representation of the
behavior of g conventionally focused electron
beam as it is deflected over a substantially fiat
target electrode; '

Figure 2 is an indication of the “pin=cushion”
type of distortion effected by defleéting a con-
ventionally focused electron beam over a sub-
stantially flat target electrode; and,

Figure 3 is a cross-sectional view of a bart of
a cathode ray tube showihg a general embodi-
ment of the invention.

Figure 4 is a cross-sectional view of a cathode
ray tube showing ancother embodiment of the
invention by which to brevent the possible intrg-
duction of other distortions of the raster.

Figure 5 shows still another embodimerit of the
invention similar in general to the fortn shown
in Pigure 4: and, .

Figure 6 is a still further embodiment of the
invention of the type shown in Figures 4 and 5.

Reference first will be made to Figure.1. An
electron beam 11 is shown at a magnified seale..
This beam conventionally is focused 50 that all




2,675,501

3

electrons forming the beam converge substan-
tially at a point 12 which is centrally located in
the plane of the target 13. When the beam is de-
flected, by suitable means operative generally in
the region 14, through relatively large angles
such as the angle A, the focusing of the beam
produced by the conventional systems occurs at
some such point as 15. 1t is seen that the focus
or electron convergence point 15 is considerably
removed from the target {2. The electrons form-
ing the beam, however, continue to travel toward
the electrode I3 in the usual way. In so doing,
the electrons cross from one side of the beam
axis to the other and diverge from the axis in
traveling away from the convergence point 15.
Accordingly, by the time the electron beam
reaches the plane of the target 13, the area 16
of the target which is impinged by the beam is
considerably greater than the area at the point
{2. Such a behavior of the beam, of course, pre-
vents the reproduction of an image in as great
detail at the edges as at the center.

Furthermore, the deflection through substan-
tially wide angles over a flat electrode causes &
pin-cushion distortion of the scanned raster. Fig-
ure 2 represents, for example, one side of a tar-
get electrode such as 13. The raster scanned in
the manner described has a pin-cushion shape
as indicated at 11. Even though in this figure
the pin-cushion distortion of the raster may be
somewhat exaggerated for illustrative purposes,
it will be appreciated that in many practical cases,
nevertheless, it may be sufficient to be cbjection-
able in the image reproduced.

Reference now will be made to Figure 3, show-
ing one illustrative embodiment of the present in-
vention. Only that portion of a cathode ray tube
{8 which is essential to a complete disclosure of
the present invention is shown in cross-section.
The electron gun by which the beam |1 is pro-
duced is assumed to be located somewhere at the
left of the drawing. The electron beam is pro-
duced conventionally and directed toward the flat
target electrode 13 located in the large end of the
tube. Inthis case, electromagnetic pre-deflection
focusing of the beam is effected by means of a coil
{9. This coil is conventionally mounted around
the outside of the neck portion of the tube along
the beam path and produces 2 field within the
tube of a character to sharply focus the beam at
a3, point 12 centrally located on the target i3 and
on the axis of the tube. Also, there is provided a
conventional deflection yoke 21 surrounding the
neck of the tube. This coil is assumed to be en-
ergized by the usual saw-tooth currents at hori-
zontal and vertical scanning frequencies. Under
the influence of this coil the electron beam is de-
flected over the target i3 in a conventional man-
ner.

In accordance with this invention, there also
is provided =2 post-deflection focusing system
which, in this case, includes a coil 22. The post-
deflection coil 22 is mounted on the outside of the
tube so that it encloses a region along the path
of the electron beam which is in proximity to the
target 13. The coil 22 is energized by unidirec-
tional energy (by means not shown) so as to pro-
duce a field of a character to effect the desired
post-deflection focus of the electron beam. In
general, this field is parallel to the axis of the
tube and, therefore, is substantially perpendicular
to the target electrode 3.

As the electron beam {1 enters the region in
which the post-deflection focusing field is pro-
duced by the coil 22, it is influenced by this field
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to follow along the magnetic field. For ex~
ample, the deflected beam { fa, under the influence
of the axial magnetic field produced by the coil 22,
is bent in a manner such as indicated at the
region 22 and follows this magnetic field until it
strikes the target 13 at the point 24. The in-
fluence of this field upon the beam insures that
good beam focus is maintained at all points in
the scanned raster. It isseen that the incidence
of the beam with the target (3 is substantially
normal. This normal beam incidence at the
sereen produces & substantially undistorted raster.
There is no pin-cushion distortion of the desired
rectangular raster when employing this inven-
tion.

The coil 22 may be wound in any one of several
forms, all of which will be evident to one skilled
in the art. For example, it may be wound as &
simple cylindrical helix. Furthermore, it is con-
templated that a suitable winding distribution
may be made in the coil to compensate for minor
distortions of a scanning pattern without depart-
ing from the spirit of the present invention.

Another form in which the post-deflection
focusing system of this invention may be em-
bodied is shown in Figure 4. In this case, the
system includes a plurality of coils such as 24’ and
25. In this form of the invention, these coils are
substantially eylindrical in form and have ap-
proximately the same dimensions. They are
mounted in spaced relationship along the axis of
the tube (8, substantially as shown. In this way
the entire post-defiection focusing system encom-
passes the region which includes the target elec-
trode 13 and the space in proximity thereto and
located at the rear thereof..

The two coils 24’ and 25 are wound and/or
energized in such a manner as to produce elec-
tromagnetic fields of opposite polarity. If it be
assumed that the coils 24’ and 25 are similarly
wound, the oppositely poled fields may be pro-
duced by suitably connecting the coils to a source
of energy such as represented by the battery 26.
One terminal of the energy source 26 is connected

= to non-corresponding terminals of the coils 24’

and 25 through a current-controlling device such
as a rheostat 27. The other terminals of the coils
are connected to the other terminal of the energy
source 26 through another current-controlling
device such as @ rheostat 28. The rheostat 27
is used to control the current through both of the
coils. Accordingly, an adjustment of this rheo-
stat will enable the correction of any pin-cushion
distortion of the raster. The rheostat 28 is used
to control the current through coil 25 only. An
adjustment of this rheostat enables the adjust-
ment of the relative strengths of the fields pro-
duced by the coils 24’ and 25 for an additional
purpose to be described subsequently.

By means of such an arrangement the coils 24’
and 25 are effective to produce electromagnetic
fields of opposite polarity. A stronger electron-
optical lens may thus be produced to control the
focusing of the electron beam. By reason of the
fact that a stronger electron-optical lens is pro-
duced in the manner described, it is seen that the
embodiment of the invention shown in Figure 4
may be more economically operated and/or may
include a coil structure which is less expensive
to fabricate.

The arrangement shown in Figure 4 also has
the advantage that it prevents the possible intro-
duction of another type of raster distortion inci-
dental to the elimination of the pin-cushion type
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of distortion. This other distortion is of a char-
acter to produce a twisting or skewing of the cor-
ners of the raster. In an exaggerated case, this
type of distortion tends-to change a straight line
into one having substantially an § shape. Such
a distortion of the raster tendsto be produced by
reason of the use of an electromagnetic field for
electron beam focusing. Hlectrons-entering such
a field at an angle with the'axis of the tube have,
in addition to a velocity component in the direc-
tion of the field, a velocity component at right
angles to the direction of the field. As is well-
known in the art, an electron beam which is in-
fluenced by a field of this character tends to pro-
duce an §-distortion of a raster scanned at a
target electrode. By providing at least two elec-
tromagnetic -fields of opposite polarity, the tend-
ency for the production of the described S-dis-
tortion is practically eliminated. This is particu-
larly-true where both el:ctromagnetic fields pro-
duce substantially equal and opposite effects upon
the electron beam.

The manner in which the two coils 24’ and
25 operate to prevent the S-distortion of the
scanned raster is substantially as follows. The
fields produced by the respective coils tend to
distort the corners of the raster. However, since
the fields are of opposite polarity, the distortion
tendencies are of opposite senses. Since the two
coils 24’ and 25 produce their respective fields
in different regions along the path of the elec-
tron beam, it is necessary that the relative
strengths of the fields be somewhat different, in
order that the distortion effects produced there-
by may be made to nullify one another. In gen-
eral, the field produced by the coil 24’ is required
to be somewhat stronger than the field produced
by the coil 25. In this case, where the two coils
are substantially similar and have the same
number of turns, the field produced by the coil
25 may be made somewhat weaker than the field
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produced by the coil 24’ by means of the rheostat ..

28. A suitable adjustment of this rheostat
enables the production of a proper balance be-
tween the energizing currents for the two coils
80 that the electromagnetic fields produced by
the respective coils have substantially equal and
opposite effects upon the electron beam.

It is to be especially noted that the coils 24’
and 25, operating together, perform the func-
tions of (1) maintaining the electron beam in
focus at all points in the plane of the target
electrode 13, (2) correcting any pin-cushion dis-
tortion of the scanned raster and (3) prevent-
ing the introduction of any S-distortion of the
raster. The fields produced by the coils 24’ and
25 produce additive corrections of the pin-
cushion distortion and, at the same time, produce
subtractive rotations of the outer portions of the
raster with respect to its center.

In Figure 5 there is represented still another
embodiment of the invention. As in the form
of the invention shown in Figure 4, the present
post-deflection focusing system comprises a pair
of coils 31 and 32. These coils are spaced apart
along the axis of the tube and are cylindrical in
form but of somewhat different sizes. The in-~
ternal diameters of the coils 31 and 32 may be
made to conform substantially to the diameters
of the largest cross-section of the tube (8 which
is to be encompassed by the respective coils.
Since the tube has a generally conical shape,
the coil 81 has a somewhat smaller diameter
than the coil 32, These coils also may be ener-
gized in a manner similar to that shown in Fig-
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ure 4, whereby to produce electromagnetic fields’
of opposite polarity and of different ‘intensity.

Still another form of the invention is shown
in Figure 6. The post-deflection focusing sys-
tem, in this case, comprises a pair of coils 33 and
34 mounted on the inside of the tube -envelope-
which is the type having a metallic conieal sec-
tion 35. Even though many of the cathode ray
tubes presently employed have metallic conical
envelopes of materials which may not be strongly
magnetic, it may be desirable to mount the post-
deflection coil system inside of the tube envelope.
In this way, the metallic portion of the tube en-
velope will have no shielding effect upon the
fields produced by the coils. In the present .case,
the coils are generally frusto-conical in shape
so as to conform to the shape of the tube en-
velope. They also are spaced along the axis of
the tube. By reason of the particular shapes of
the coils 33 and 24, they are necessarily of dif«
ferent dimensions. Preferably they are operated
substantially in the same manner as the coils of
Figure 4 so as to produce electromagnetic fields
of suitable relative strength to effect the desired
control of the electron beam.

The disclosed embodiments of the invention
are intended primarily for illustrative purposes.
It is not intended that they be considered as.
necessarily limiting or restrictive in any sense.
The presently disclosed forms of the invention
may be used singly, as disclosed, or parts of one
may be used interchangeably with parts of an-
other embodiment. For example, in the case of
a cathode ray tube having a metal cone, such as
shown in Figure 6, and in which the target elec-
trode or screen is mounted on the inner wall of
the tube face 86, one of the coils such as the
coil 33 may be mounted inside of the tube en-
velope behind the target electrode, substantially
as shown and described. The other coil corre-
sponding to the coil 84 may be mounted outside
of the tube in such a manner such as to encom-
pass the target electrode.

The present invention has the advantage of
enabling the scanning of a raster at & substan-
tially flat target electrode by means of an elec-
tron beam which is deflected through relatively
wide angles without the electron beam losing
focus in any part of the raster and without pro-
ducing any substantial distortion of g rectangular
raster. The invention also has the further ad-
vantage of permitting a simplification in the fab-
rication and operation of the deflecting yoke for
tubes of the character described. Heretoiore, it
has been necessary to distribute the windings
of an electron beam deflection yoke in a non-
uniform manner in order to avoid imparting to
the raster scanned by the beam in objectionable
pin-cushion distortion. However, in winding
yokes so as to correct for pin-cushion raster dis-
tortion, the effect upon the electron beam is
such that it may be considerably out of focus in
the corners of the raster. Accordingly, it may
be seen from the foregoing disclosure of the pres-
ent invention that deflection yokes need no
longer be designed to correct for pin-cushion dis-
tortion. A simplification of the deflection yoke
manufacture may thus be effected.

The nature of this invention is indicated in
the foregoing disclosure of several illustrative
embodiments thereof. The scope of the inven-
tion is set forth in the following claims.

What is claimed is:

1. A system for controlling an electron beam
which is directed toward s target electrode com-
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prising, means located along the path of the beam
at a point remote from said target electrode for
producing a substantially constant field by which
to focus said beam at a predetermined point in
the plane of said target electrode, means located
along the path of said beam at a point less re-
mote from said target electrode for producing a
varying field by which to deflect the beam to scan
a raster in the plane of said target electrode, and
means including a plurality of coils located along
the path of the beam in proximity to said target
electrode for producing respective component
fields jointly constituting a substantially constant
field by which to effect focusing of said beam at
all points of the raster scanned in the plane of
the target electrode, said two constant flelds being
effectively independent of one another.

2. An electron beam control system as defined
in claim 1 wherein, said plurality of coils are ef-
fective to produce respective electromagnetic
fields of different polarities.

3. An electron beam control system as defined
in claim 1 wherein, said last-named means is a
pair of coils mounted along the axis of said tube
in spaced relationship to one another, said coils
having substantially the same dimensions and be-
ing energized in a manner to produce electromag-
netic fields of opposite polarity.

4. An electron beam control system as defined
in claim 1 wherein, said last-named means is a
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pair of coils mounted along the axis of said tube
in spaced relationship to one another, each of
said coils being of cylindrical form and having
different inside dimensions corresponding sub-
stantially to the dimensions of the adjacent re-
spective tube cross-sections, and said coils being
energized in a manner to produce electromag=-
netic fields of opposite polarity.

5. An electron beam control system as defined
in claim 1 wherein, said last-named-means is a
pair of coils mounted along the axis of said tube
in spaced relationship to one another, each of
said coils having a frusto-conical form and hav-
ing different inside dimensions corresponding
substantially to the dimensions of the adjacent
respective tube cross-sections, and said pair of
coils being energized in a manner {o produce elec-
tromagnetic fields of opposite polarity.
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