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This invention relates to electron guns such, 
for example, as are used in cathode ray tubes 
to act as a source of electrons which may be en 
ployed to bombard a fluorescent Screen and 
thereby produce visually observable phenomena 
whose characteristics are variable in response 
to an electrical signal or 'signals. More particu 
larly, the invention relates to such an electron 
gun for use in a television system. Although 
the advantages realizable from the invention are 
most significant when it is employed in a tele 
vision system, and although the application of 
the invention to such a system will be particul 
larly described herein, it will be apparent that 
desirable results may be obtained when the in 
vention is applied to other systems, and it is not 
intended to restrict the invention to the Specific 
applications herein disclosed. 

Electron sources and guns heretofore used are 
of divers forms and frequently contain a number 
of different parts - or elements for performing 
various functions. In the past, most electron 
guns for use in television cathode ray tubes have 
employed incandescent cathodes as Sources of 
electrons. A further feature of such guns resides 
in the employment of means for fasciculating the 
electrons from the source into a beam which 
may be deflected so as to cause it to traverse 
the surface of a screen composed of luminescent 
material. This fasciculating means may con 
prise either an electric or a magnetic focusing 
system, such as is familiar to those skilled in the 
art. Likewise the beam deflection may be ac 
complished either electromagnetically or electro 
statically. 

Prior devices of this type have been found to 
be objectionable in that a black spot or blemish 
invariably appears upon the luminescent Screen 
at the point where it is intercepted by the axis 
of the electron gun and its associated System, 
after the tube has been operated for a short time. 
It has been found that this spot is caused by 
the presence of negatively charged particles 
which are commonly referred to as heavy ions 
(see article by Bachman and Carnahan Pro 
ceedings of the Institute of Radio Engineers; 
May, 1935, pp. 529–39). It appears that these 
ions are the result of impurities in the material 
of which the cathode is constructed, and that 
they are freed therefrom along with the elec 
trons after the cathode has been heated to lumi 
nescence. Because of their considerably greater 
mass compared to that of the electrons, these 
particles travel much more slowly when Subjected 
to the electric field which is used for the pur 
pose of accelerating the electrons. Hence, when 
they are operated upon further by a magnetic 
field acting in a direction at right angles to their 
path, such as might be employed to deflect the 
beam of electrons in a television cathode ray 
tube, their direction is not appreciably altered. 
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This is in consequence of the fact that the force 
exerted on Such a charged particle traveling in 
a magnetic field is a function of its velocity as 
Well as of its mass. As a result these ions con 
tinue on their course from the cathode to sub 
stantially the same spot on the fluorescent 
Screen, regardless of how the electrons may be 
deflected. At all times, when the tube is being 
Operated, this particular portion of the screen 
is Subjected to bombardment by the ions which 
Soon tend to destroy its fluorescent properties 
and to blacken it, thus deleteriously affecting the 
quality of the reproduced television picture. 
One of the objects of the present invention 

is to provide a Source of electrons or other such 
particles, having a particular ratio of charge 
to-mass and being substantially free from par 
ticles having materially different ratios of charge 
to-maSS. 
A further object of the invention is to provide 

a means for obtaining a beam of electrons which 
is entirely free from heavy ions, for use in a 
cathode ray tube. 
A still further object of the invention is to 

provide a cathode ray tube System for use as a 
television picture tube, Wherein there is no tend 
ency for the Screen to be deleteriously affected 
by heavy particles emitted from the cathode. 

Still another object of the invention is to ac 
complish the aforesaid objects with a minimum 
of additional equipment and without appreciably 
altering the design of tubes heretofore used. 
The Operation of the device of the invention 

is dependent upon the principle that the force 
exerted upon an electrically, charged particle 
moving in a magnetic field is proportional to its 
Velocity, While that exerted upon the same par 
ticle by an electric field is not. This principle 
is, of course, Well known and it has previously 
been applied to the separation of charged par 
ticles. Hence it will be desirable, before proceed 
ing with the description of the disclosed embodi 
ments, to explain briefly wherein the present in 
vention differs from those devices heretofore used. 
According to the invention, the electrons from 
a hot cathode, as Well as the heavy ions there 
from, are focused into a beam. This beam is 
then subjected to the influence of electromag 
netic fields, which may be either electric, mag 
netic, or a combination of both, So as to Separate 
the beam into two or more beams according to 
the various ratios of charge-to-mass of the par 
ticles contained in the original beam. A dia 
phragm or equivalent means is then interposed 
in the path of the particles in Such a manner as 
to intercept all but the desired bean. Thus, in 
effect, a new Source is formed which supplies 
only particles having a certain ratio of charge 
to-mass. The electrons or other charged par 
ticles may then be refocused into a narrow beam 
which may be used to Scan the Screen of the 

  



2 
tube. It will be seen that a significant feature 
of the invention is the use of two focusing Oper 
ations in the course of obtaining the ultimate 
electron beam for scanning purposes. By such 
repeated focusing it is possible, as will be seen 
later, to obtain a pure electron beam entirely free 
from negative ions. With this in mind, the de 
tails and operation of the invention may best 
be understood by reference to the accompanying 
drawings in which: 

Figs. 1, 3, and 6 are cross-sectional views of 
several embodiments of electron gun structures 
constructed according to the invention; and 

Figs. 2, 4, and 5 are illustrations of various 
cathode ray tube systems employing the elec 
tron gun structures shown in the figures above 
mentioned and described in this specification. 

Referring first to Fig. 1, there is shown in lon 
gitudinal cross section one form of the electron 
gun in which both electric and magnetic fields 
are employed in the separation of the heavy ions 
from the electron stream. In this figure, may 
be a source of electrons and also of heavy ions, 
as has been explained. It may be composed of 
some thermionically active material heated by 
means of the heater winding 2, which may be 
supplied with current from a suitable Source. 
The emission from source f may be focused by 
means of an immersion lens of any suitable de 
sign and here shown as comprising the elec 
trodes 3 and 4 to which suitable potentials may 
be supplied in a manner familiar to those skilled 
in the art, so as to form a cross-over point as 
indicated at 5. The cylinders 6 and may con 
stitute the elements of bipotential electron lens, 
and are connected to sources of suitable poten 
tials, as is common practice in the art, so as to 
focus the electrons at a point indicated at 8. 
In order that there may be a good focus, it is 
desirable to include in the system a diaphragm 
or stop 9 which limits the width of the beam so 
that only electrons which are substantially par 
axial are admitted to the lens. A further dia 
phragm O may be used in connection with the 
second anode 7 to restrict the region in which 
the lines of equal electrostatic potential are 
curved to form the lens. Still another diaphragm 

is placed at the end of the second anode, 
in which there is a small hole at point 8 which 
may be made just large enough to permit the : 
passage of the electron bean. 
In the space between the diaphragms 0 and 
, electric and magnetic fields are set up in 

such relation that the force exerted upon each 
of the electrons in the beam by the electric 
field will be substantially equal in magnitude and 
opposite in direction to the force exerted by the 
magnetic field. The electric field may be set 
up by the application of the proper potentials to 
the deflecting plates shown in the figure at 2 
and 3. The magnetic field may be set up by 
using coils of suitable design whose axes are 
perpendicular to the axis of the electron beam 
such, for example, as are shown at 20 in Fig. 
2, which shows a complete cathode ray tube Sys 
tem employing as a source of electrons the gun 
of Fig. 1. The direction of this field is indicated 
in Fig. 1 by the symbol of an arrow directed out 
from the plane of the paper at H. In the fields 
as thus set up by the deflecting plates and coils 
as shown in Figs. 1 and 2, it will be apparent 
that, along any line drawn through the axis of 
the undeflected beam and perpendicular there 
to, there is no change in sign of electric poten 
tial gradient in such field within the bounds of 
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2,274,586 
the undeflected beam. This condition inherent 
ly obtains when the deflecting plates and coils 
are disposed in the manner shown in these fig 
ures. In Fig. 2, the gun is shown at 5 mounted 
in a glass envelope 6. The system is equipped 
with deflecting coils 7 and 8 for horizontal 
and vertical scanning, which may be supplied 
with suitable deflecting voltages. 
When the electric and magnetic fields asso 

ciated with the electron gun have been so ad 
justed that they cancel each other's effect upon 
the electrons of the beam, it will be found that 
while the electrons continue in a straight line, 
the heavy ions are deflected, by the unbalanced 
portion of the electric field, along the curved 
path indicated at 4 in Figs. I and 2. At the 
end of the tubular electrode 7, the apertured 
diaphragm permits the electrons to pass while 
other particles are intercepted thereby. By the 
preliminary focusing of the particles emitted 
from the cathode, it is possible to obtain a beam 
whose cross section is very small at the point 
8. It is therefore possible to make the hole in 
the diaphragm i? of very small diameter with 
Out intercepting any appreciable number of the 
electrons. When this is done it will be seen 
that fields of only very small magnitude are re 
quired in order to deflect the ions so that none 
of them will pass through the aperture. It is 
preferable, therefore, in practicing the inven 
tion, to focus the beam so that the cross-over 
point occurs at the plane of the diaphragm 
as illustrated. The amount of deflection shown 
in the figures is, of course, exaggerated in order 
to show more clearly the mode of operation of 
the device. It is also conceivable that the ions 
emitted from the Source may be of different 
masses and have different velocities, in which 
case only those having velocities most nearly 
equal to the velocity of the electrons need be con 
sidered in estimating the amount of deflection 
required. By means of the system just described 
a new source of electrons is formed at the aper 
ture in the diaphragm and it is necessary to 
focus these electrons into a beam of small cross 
section which may be accomplished by means 
of a focusing coil as shown at 9 in the embodi 
ment of Fig. 2. 

Fig. 3 shows an embodiment which is identi 
cal in structure with that of Fig. 1 with the ex 
ception that the electrostatic deflecting plates 2 
and 3 are omitted and the hole 8 for the pas 
Sage of the electron beam is not centrally lo 
cated. This embodiment is so arranged as not 
to require the use of an electric field but requires 
Only a magnetic field which is set up in the re 
gion between diaphragms ?o and if. The elec 
trons and the ions, because of their differences 
in velocity and mass are deflected by different 
amounts and impinge upon the diaphragm 
at different distances from the center. A hole is 
provided at the point 8 where the electron beam 
5a would strike the diaphragm so as to permit 

the beam to pass. It will be realized, of course. 
that the beam of electrons as it emerges from 
the gun will not be parallel to the axis of the 
gun structure. Hence, it will be necessary to tilt 
the gun structure slightly when it is mounted 
in a cathode ray tube. However, since the ec 
centricity of the hole in the diaphragm necd not 
be very great if the beam is properly focused, 
the amount of the tilting may be very small and 
will not make the gun inconvenient to introduce 
into tubes of the conventional design. In Fig. 4 
the gun structure just described is shown mount 
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ed, in the neck of the tube at 5. The coil 2 
serves to set up the deflecting field for sepa 
rating the beam into its components, while the 
coil designated 22 is for refocusing the pure elec 
tron stream. 23 and 24 are the horizontal and 
Vertical deflecting coils for scanning purposes. 

Here again, as in the embodiments of Figs. 1 
and 2 where both electric and magnetic deflect 
ing fields were employed, it will be seen that 
in the deflecting field set up by the coil. 2 there 
will be no change in sign of electric potential 
gradient along any line drawn through the axis 
of the undeflected beam and perpendicular 
thereto. 

Fig. 5 shows another variation of the invention 
as embodied in Fig. 3, in which the wall of the 
tube is made to serve the purpose of the dia 
phragm . The gun i5 comprises merely a fo 
cusing system and there is no cross field or dia 
phragm directly associated with it. However the 
neck of the tube may be bent as shown and a de 
flecting coil 25 placed at the bend. The gun is SO 
located that the ions, which are not appreciably 
deflected by the magnetic field, continue on the 
path 4 and are intercepted by the wall of the 
tube. The electrons, on the other hand, are 
caused to be deflected in accordance with the 
curvature of the tube neck and are directed to 
ward the screen. 22 is the final focusing coil, 
while 23 and 24 are respectively the horizontal 
and vertical deflecting coils. 
Since one of the significant features of the in 

vention is the preliminary focusing of the elec 
trons and ions into a beam, and since it is de 
sirable from the point of view of economy of 
space to do this in as short a distance as pos 
sible, it has been found advantageous, in certain 
cases, to use lens types other than those of the 
embodiments above described which, since they 
facilitate the explanation of the invention, have 
been used for purposes of illustration. A lens 
which accomplishes the focusing in a shorter 
distance is shown in Fig. 6. It comprises, in 
addition to a cathode and an immersion lens 
system comprising 3 and 26, a series of dia 
phragms 26, 27, and 28 and the electrode 7. 27 
and are maintained at a high positive potential, 
Such as 6000 volts, and may be connected to 
gether. The electrode 28 may be maintained at 
a substantially lower potential, such as 3000 
volts, and the combination forms an electron 
lens System for focusing the particles in the man 
ner shown. The electrode 26 serves by means of 
the voltage applied to it to control the cut-off of 
the beam or, in other words, determines the posi 
tion of the cross-over point in the beam and 
thereby the size of the beam cross section at 
the plane of the diaphragm. The direction of 
the cross magnetic field is indicated by the arrow 
head at H directed away from the plane of the 
paper. The remainder of the device functions in 
exactly the same manner as the device of Fig. 
3 and there is no need to describe it further, 
Such a lens might, for example, be substituted in 
the system of Fig. 4 in place of that of Fig. 3. 
Numerous variations in the above-described 

embodiments which are within the scope of the 
invention will occur to thcse skilled in the art. 
Thus any of the known types of immersion lenses 
may be used in place of those shown, and any 
form of focusing system may be employed sub 
ject only to the requirements of simplicity and 
efficiency. The fundamental idea of the inven 

: tion will be seen to lie in the steps of: 
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(1) Focusing particles of different ratios of 

maSS-to-charge into a beam. 
(2) Subjecting the beams to crossfields in such 

a manner as to separate the one beam into several 
separate beams according to the mass and velocity 
of the particles. 

. (3) Intercepting all but the beam containing 
the desired particles. 

(4) Refocusing the desired beam for use in 
Scanning the Screen of a cathode ray tube. 
The invention is therefore not to be regarded 

as having any restrictions with respect to ap 
paratus which may be employed to obtain the 
desired results, other than those imposed by the 
following claims which serve to define the scope 
of the invention. It should be noted that, 
throughout this specification and in the claims, 
the term "electromagnetic' is used to denote a 
field which may be either electric or magnetic 
Or have components of both while the terms 
"electric' and “magnetic” refer always to the 
components. 
I claim: 
1. In a cathode ray tube having a luminescent 

Screen adapted to be excited by electron bom 
bardment and having a source which emits par 
ticles including both electrons and undesired 
electrically-charged particles having different 
ratioS of charge-to-mass from said electrons and 
tending deleteriously to affect said screen, ap 
paratus for preventing such deleterious effect 
upon Said Screen, comprising an apertured bar 
rier interposed between said source and said 
Screen, means for forming at least said electrons 
into a beam having a minimum cross-section in 
the immediate vicinity of said barrier, said aper 
ture corresponding substantially in cross-section 
to Said beam at the interception of said beam by 
said barrier, and means for deflecting said par 
ticles to cause said electrons but not said unde 
sired particles to pass through said aperture 
whereby said electrons but not said undesired 
particles are permitted to impinge upon said 
SCree. 

2. A cathode ray tube as claimed in claim 1, 
characterized in the provision of a beam focus 
ing means positioned in the path of the beam 
at a point between said apertured barrier and 
said Screen. 
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3. A cathode ray tube having an evacuated 
envelope containing a fluorescent screen and 
an electron gun structure for producing a 
Scanning beam directed at said screen, said gun 
having at least one anode cylinder and a source 
for forming a beam of particles including both 
electrons and undesired electrically charged par 
ticles having smaller ratios of charge-to-mass 
than Said electrons, an apertured barrier at the 
exit end of said gun, a pair of oppositely charged 
electrodes within said anode cylinder for elec 
trostatically deflecting said undesired particles 
away from the aperture of said barrier, and 
means for establishing a magnetic field between 
Said electrodes and at right angles to said beam 
to nullify the deflection effect of said electro 
static deflecting means on said electrons and to 
direct them through said aperture. 

4. A cathode ray tube as claimed in claim 3, 
characterized in the provision of electrostatic 
focusing means between said beam source and 
Said barrier, and magnetic focusing means be 
tween said apertured barrier and said screen. 

HARRY BRANSON, 

  


