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1. 
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 
accelerating and suitably focusing electrons, be 
deflected to Scan a predetermined raster in the 
plane of a target electrode. The initial focusing 
of the beam is effective to produce a 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 necessary to deflect an electron 

bean 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 cross-section throughout the 
entire raster Scanned at the target electrode. If 
the pre-deflection focusing of the beam is effec 
tive to produce a cross-sectional size of the de 
sired dimensions approximately at the center of 
the scanned raster, the size of this beam area, 
in portions of the raster remote from the center 
is considerably greater. Particularly for tele 
vision purposes, an objectionable blurring or loss 
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 
horizontal and vertical edges of the scanned 
raster are not straight, but instead are somewhat 
Concave in Wardly. 

It is an object of the present invention, there 
fore, to provide an electron beam control systern, 
whereby to maintain substantially the same focus 
of the electron beam in all portions of a raster 
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scanned thereby in the plane of a target electrode. 
Another object of the invention is to provide 

an auxiliary electron beam focusing System, 
whereby to maintain a substantially uniform size 
of the beam cross-section in all parts of the 
raster scanned thereby in the plane of a sub 
stantially flat, target electrode and 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 
toration of the scanned raster is eliminated, 
In accordance with this invention the cathode 

ray tube is provided with a 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 a plurality of coils and 
surrounds the deflected path of the beam and 
encompasses the target electrode. 
The novel features that are considered charac. 

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 accompanying drawings. 

In the drawings: 
Figure 1 is a graphical representation of the 

behavior of a conventionally focused electron 
bean as it is deflected over a substantially fiat 
target electrode; 

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

Figure 3 is a cross-sectional view of a part of 
a cathode ray tube showing a general embodi 
ment of the invention. 
Figure 4 is a cross-sectional view of a cathode 

ray tube showing anoother embodiment of the 
invention by Which to prevent the possible introl 
duction of other distortions of the raster. 

Figure 5 shows still another embodiment of the 
invention similar in general to the form shown 
in Figure 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 f is shown at a magnified scale. 
This beam conventionally is focused so that all 
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electrons forming the beam converge substan 
tially at a point f2 which is centrally located in 
the plane of the target 3. When the beam is de 
flected, by suitable means operative generally in 
the region 4, 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 5. It is seen that the focus 
or electron convergence point 5 is considerably 
removed from the target 3. The electrons form 
ing the beam, however, continue to travel toward 
the electrode 3 in the usual way. In so doing, 
the electrons cross from One side of the bean 
axis to the other and diverge from the axis in 
traveling away from the convergence point 5. 
Accordingly, by the time the electron beam 
reaches the plane of the target f3, the area 6 
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 a 
pin-cushion distortion of the Scanned raster. Fig 
lure 2 represents, for example, one side of a tar 
get electrode such as 3. The raster scanned in 
the manner described has a pin-cushion shape 
as indicated at fl. 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 objection 
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 
f8 which is essential to a complete disclosure of 
the present invention is shown in cross-section. 
The electron gun by which the beam 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 3 located in the large end of the 
tube. In this 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 a field within the 
tube of a character to sharply focus the beam at 
a point 2 centrally located on the target i3 and 
on the axis of the tube. Also, there is provided a 
conventional deflection yoke 2 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 3 in a conventional man 
ne. 
In accordance with this invention, there also is provided a 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 f3. 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 fi 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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4. 
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 23 and follows this magnetic field until it 
Strikes the target 3 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 is seen that the incidence 
Of the beam. With the target 3 is substantially 
normal. This normal bean incidence at the 
Screen produces a substantially undistortedraster. 
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 a 
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 cylindrical in form and have ap 
proximately the same dimensions. They are 
mounted in Spaced relationship along the axis of 
the tube f8, substantially as shown. In this way 
the entire post-deflection focusing system encom 
passes the region which includes the target elec 
trode 3 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 a 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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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 fields 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 electronag 
netic fields of opposite polarity. 

4. An electron beam control System as defined 
in claim i 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 to produce elec 
tromagnetic fields of opposite polarity. 
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