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1. 
This invention relates to television pickup 

tubes and in particular to a novel electron beam 
generator gun structure...for use in Such tubes. 
One type of television pickup tube uses a low 

velocity electron beam, which is Scanned acroSS 
a target electrode to discharge or neutralize a 
charge pattern comprising a distribution of posi 
tive electrostatic charges on the target Surface. 
If velocities of emission and contact potential 
are neglected, the equilibrium of the target is 
determined by the potential of the electron gun 
cathode electrode. The current in the beari is 
determined by that required to completely dis 
charge the most positive areas of the target. The 
scanning electron beam approaches the target at 
nearly zero velocity. The negative beam will 
strike...and discharge the positively charged areas 
of the target, and charge the target areas nega 
tively, until the surplus portion of the beam is 
repelledback along the tube axis. Thus, an elec 
tron beam of uniform density Scans the target 
While a non-uniform or modulated bean is re 
turned to the cathode end, of the tube, where it 
is collected and amplified as the output signal. 
The spot formed by the intersection of the 

Scanning electronbeam. With the target must not 
Only be Small but the scanning beam must be one 
in Which the velocity Component of the electrons 
normal to the target is as nearly uniform as pos 
sible. This is equivalent, if spurious potential 
gradientS along the target Surface to to be 
avoided, to requiring the angle of incidence of 
the bean to be-constant over the target surface, 
At normal incidence, a given beam current will 
charge a target area more negatively before it is 
repelled than When the bean: approaches, the 
target at other angles: of incidence. 
The beam is unable to discharge certain areas 

completely: when the incidence angle is too far 
from the normal, leaving these areas positively 
charged while other areas are not completely dis 
charged. The inability. Of the beam to land in 
areas where it should land produces shading. 
The loss of picture contrast implies a loss of de 
tail. When the bean landing is impaired the 
sharpness of the picture is impaired. This would 
result from a selective landing of the beam at 
points on the target of relatively high potential. 
That is, there is a loss of true Video signal and 
consequently disruption of resolution due to Se 
lective landing of the beam on target areas of 
higher potential. 
A conventional electron gun structure Com 
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prises a positively charged accelerator electrode 
having an aperture therethrough coaxial with 55 
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and spaced from an electron emitting cathode 
Surface. Positioned between the accelerating 
electrode and the cathode is a negatively biased 
control electrode. A gun of this type produces 
a large range of electron velocities. The comi 
ponents of the electron beam having low axial 
Velocities are in large part the electrons coming 
from the Outer circumferential portions of the 
cathode, surface. The electron lens formed by 
the cathode and the negative grid in a conven 
tional gun structure draws on or uses these low 
Welocity components of the electron bean. The 
large electron Velocity range inherent in this 
construction will produce a beam, in which the 
COEmponentS Strike the target at various angles 
of incidence to produce the above. described spu 
rious shading in the transmitted picture. It is 
desirable therefore that television pickup. tubes 
utilizing a low. velocity. Scanning beam be oper 
ated. With a beam having the Smallest possible 
range of electron Velocities. 

It is... therefore an object of my invention to 
provide an improved television pickup tube. 

It is a further, object of my invention to pro 
Wide an improved electron gun structure for use 
in a television pickup tube. 

It... is another object, of my invention to pro 
wide an improved -electron-gun structure for pro 
ducing a cathode ray beam . With a small range 
of electron velocities. 

It is, furthermore, an object of my invention 
to provide an improved television pickup tube in 
which the target is scanned at all points by. an 
electronbeam, a large part of which has the same 
component of velocity normal to the target. 

It is also an object of the invention to have the 
component of the velocity normal to the target 
represent a very large part of the total velocity 
in the beam. 
The novel features which I believe to be chair 

acteristic of my invention are set forth with par 
ticularity in the appended claims, but the inven 
tion itself will best be undertsood by reference to 
the following description taken in connection 
with the accompanying drawing, in which: 

Figure 1 is a sectional View of a television pick 
up-tube, made according to my invention; and 

Figure 2 is a sectional view of an electron gun 
assembly used in the television pickup tube shown 
of Figure.1. 

Figure 1. discloses a television pickup tube for 
producing a video signal for transmission. The 
tube comprises an envelope preferably of glass. 
At one end of the tube is positioned...a photocath 
ode electrode 4, formed as a photosensitive coat 
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ing on the inner surface of a transparent face 
plate 2, closing the end of the tube envelope 0. 
This photocathode 4 may be of any conven 
tional type well known in the art. Positioned ad 
jacent to the photocathode 4 is an accelerating 
electrode 6 and axially spaced therefron is a 
cup shaped electrode 2 for Supporting a glass 
target electrode 8. Between the target elec 
trode 8 and the photocathode 4, is a Very fine 
screen mesh 20, closely spaced from the surface 
of the glass target f8, facing the photo.cathode 
4 and conductively supported by the cup-shaped 
electrode 2. This much of the tube forms the 
image section of the television pickup tube. 
An object 5, which is to be televised, is fo 

cused by an appropriate optical System, repre 
sented at 7, in Figure , as an optical image 9 
on the photocathode electrode 4. The photo 
cathode 4 and the accelerating electrode 6 are 
preferably biased, respectively, at approximately 
a negative 400 volts and a negative 320 Wolts rela 
tive to the potential of the support electrode 2 
which in turn is maintained at close to 2 Wolts 
positive relative to a reference or ground poten 
tial. This arrangement produces an accelerating 
field between photocathode if and the glass tar 
get 8. A focusing coil 28 Surrounds the envelope 
of the tube, as shown, and forms a uniform for 
cusing field whose lines of force are parallel to 
the axis of the tube. 
The optical picture 9 focused upon the sensi 

tized photocathode surface 4 releases electrons 
in quantities relative to the intensity of the inci 
dent light. These electrons pass through the ac 
celerating field of electrode 6 and strike at high 
velocity the surface of the glass target 8. The 
magnetic focusing field of coil 28 directs the pho 
toelectrons from electrode 4 along straight paths 
to the glass target 8. The velocities at which 
the photoelectrons strike the glass Surface 8 
cause a secondary emission greater than unity of 
electrons from the glass Surface. The fine mesh 
screen 2 acts as a collector electrode of the Sec 
ondaries emitted from the glass Surface 8. 
The target 8 is a thin sheet of low resistivity 

glass. The emission of Secondary electrons from 
the surface of the glass target 8 leaves areas of 
the surface of the target struck by the photoelec 
trons positively charged. The insulation proper 
ties of the glass target are Such that there is little 
or no electrical Conduction along the glass SUF 
face. Consequently, there is formed on the Sur 
face of the target facing the photocathode is a 
positive potential distribution corresponding to 
the distribution of light and shadow of the optical 
image 9 focused upon the photocathode it. 
The opposite side of the glass target 8 is 

scanned, during tube operation, by a low velocity 
electron beam 22 formed by an electron gun 
structure 2 is mounted at an opposite end of the 
tubular envelope . The cathode 5 of the elec 
tron gun structure 24, shown in detail in Figure 
2, is maintained at the reference or ground po 
tential referred to above. The electron beam 22 
is constrained by the axial field of coil 28 to 
follow a path along the axis of the tube When 
no deflecting fields are applied. Conductive elec 
trode coating 26 on the inner surface of the tube 
envelope is maintained at around 200 volts posi 
tive, relative to the reference potential, to sustain 
within the enclosed area, a uniform electroStatic 
field. A decelerating electrode 32, adjacent the 
glass target 8, is maintained during tube oper 
ation at around 75 volts positive potential, rela 
tive to the reference potential, for maintaining a 

s 

O 

5 

25 

30 

35 

40 

50 

55 

60 

70 

5 

4. 
decelerating field to slow down the electrons of 
beam 22 So that they approach the glass target 
at close to Zero velocity. 
The beam 22 is caused to scan the surface of 

target f8 by 2 pairs of magnetic deflection coils 
On axes normal to each other. The fields of the 
coils 3 are perpendicular to each other and to 
the axis of the tube 8. It will be understood 
that the defection coils 30 will have periodically 
Varying Voltages applied thereto, for example, by 
Sawtooth generators (not shown) of suitable fre 
quencies, to produce line and frame scansion. 
Due to possible misalignment of the gun struc 
ture 24 relative to the tube axis, an alignment 
coil 46 is provided to maintain a small magnetic 
field perpendicular to the axis of the electron 
beam. Rotation of the coil 46 around the Sten 
of the tube envelope G will tend to correct any 
misalignment of the electron beam relative to the 
axis of the tube as it leaves the electron gun 
2. 
As beam 22 scans across the face of the glass 

target 8, sufficient electrons land to maintain the 
Scanned target Surface at cathode or reference 
potential. The remainder of the beam approach 
ing the target at close to zero Velocity is reflected 
by the target surface to form a return beam 25. 
This return beam 25 will pass back along the 
same path as the incident beam 22 and will strike 
a large intercepting dynode surface 66 forming 
the first stage of a multiplier unit described in 
detail in Patent No. 2,443,941, issued January 6, 
i948, to Paul K. Weimer. The dynode surface 
66 is maintained at 300 volts positive relative to 
target 8 and is also sensitized to produce amplifi 
cation of the return beam 25 by a secondary 
emission greater than unity. An electrode 34 
Which is also maintained at around 290 volts 
positive forms a field free Space around the 
dynode surface 66 So that the secondaries emit 
ted from the Sensitized Surface 66 are not drawn 
With the primary Scanning beam to the target but 
are persuaded to pass into an accelerating field of 
a second dynode electrode 36 maintained at 600 
Wolts positive relative to target E8. A third, 
fourth and fifth dynode of the nultiplier unit are 
provided respectively at 33, 4 and 42, so as to 
amplify the return beam in Successive stages. 
Each dynode, respectively, is an apertured elec 
trode of Successively higher positive potential and 
having sensitized or electron emitting surfaces so 
that the electrons strike each dynode at sufficient 
Velocity to set up a secondary emission greater 
than unity. Multiplier electrodes 38, and 42 
may be respectively maintained during tube oper 
ation at 880 volts positive, 1160 volts positive and 
1450 volts positive relative to reference or ground 
potential. A collector Screen electrode 4 may 
be maintained at around 1500 volts positive. 
While the wall coating 26 and the various elec 

trodes and dynodes associated with the tube, as 
described above, may have various desired po 
tentials, the potentials respectively mentioned for 
each electrode represent those used in a SucceSS 
fully operated tube of the disclosed type. As 
shown in Figure 1, the electrodes may be con 
nected to appropriate points of a potentiometer 
or bleeder resistance R, connected at its ends to 
a source of direct current potential. 
In the operation of the tube of Figure 1, the 

Scene 5 to be transmitted is focused on the 
transparent photocathode 4. Photoelectrons 
are released in direct proportion to the brightness 
of the various parts of the scene. The photo 
electrons strike the target with sufficient velocity 
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to cause a secondary.emission ratio greater than 
unity as described above and form a positive 
'charge. pattern on the target i3; the more posi 
tive, areas corresponding to the highlights of the 
scene. The glass-of-target is sufficiently, thin that 
teach positive area oil the photocathode. side. will 
attract incident electrons of: Scanning...beam. 22.to 
a corresponding opposite. area, on the beam. Side 
of the target. At the same time. that the charge 
pattern is being formed on the photocathode side 

, of target 3, the beam of electrons 23, is scanned 
across, the opposite side of the targeta.rad deposits 
Sufficient electrons to neutralize, the positixie...area, 
of the target. to the reference or cathode poten 
tial, he. glass target. 3. is chosen with a resis 
tivity low.enough that electrostatic charges de 
"posited on opposite.sides-of-the-glass-are-neutral 
ized by conduction through the glass during a 
iframe-time of around 40 of a second. The target 
is also, thin enough so that these charges do not 
spread laterally, in a frame time, sufficiently to 
impair the resolution of the charge pattern. 
As a specific positive-area of the taiget surface, 

struck by the scanning beam. 25, is returned to 
reference or ground potential, it will reflect the 
excess, portion of the scanning beana to form a 
modulated electron return beam 25, which has a 
varying density determined by the charge pat 
tern of target. 8. The returning electrons of 
ibeam 25 will closely follow the lines of the mag 
inetic focusing fieldii forced by coil 3: back to Ward 
the gun 24 and strike dyinode surface 66 to gen 
erate a larger number of secondary. electrosas. 
The several stages of the electron multiplier, as 
described above, amplify.this modulated return 
beana 25 to form the video signal, which is taken 
off. of the collector. 4. 

Figure. 2 shows in detail the structure of an 
'electron-gun, according to my invention, for-use in 
, a television pickup. tube of the type described 
tabove, A tubular. cathode electrode 58 is co 
axially naounted within a supporting-cylinder. 5. 
The mounting. means comprises, a ceramic sup 
port member 52 fixed to the cathode tube 56 and 
fitted within the support. cylinder, 54 and ar 
ranged, as disclosed.ira-Figure 2, to space a closed 
sends 8-of cathode tube 56 from an apertured cons 
trol grid disc 56 with an opening 57, axially 
aligned with the tubular. cathode 5. Also, 
mounted with the cylinder 54, is a second aper 
tured electrode 5 axially-spaced: within the Sup 
porting. tube 5. by the ceramaic ring- 58 he 
apertured electrode 66 is spaced by a-nietal riag 
(62:from a partially. closed, end of the Supporting 
cylinder, 54. The several electrode parts, de 
scribed: above, are mounted: within the support 
cylinder 54: by successively inserting them. Within 
the support cylinder, starting with the metal 
spacing, ring. 62. These parts then are locked 
Within supporting cylinder 54 by a retainer ring 

6. Welded, or fixed by any other, means, to the 
inner surface, of cylinder. 5á. Mounted within 
the cathode tube. 55;is a heater-filameat.89; which 
sextends, as is shown, from...an open end of the 
-cathode tube 5. Heater filament 3 is supported 
from a supporting ceramic disc 82; locked-in-posi 
tion against the ring 75, by... a second retainer 
Iring.84. Welded, or fixed, to the inner. Surface of 
supporting. tube 55. A third apertured: electrode 
Gis mounted on the partially closed, end of the 
support, cylinder 54. This electrode 64-comprises 
an apertured supporting-cup, having an aper 
tured support plate 68- coaxially fixed to the bot 
ston-surface: thereof, a.s. is shown.in. Figure. 2. 
-Covering the supporting-plate 68 is a thin-highly 
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polished metal sheet 65, preferably of a silver 
magnesium alloy, which foras the secondary 
emissive. Surface for the first dynode. electrode. 
Through the center of the plate. 35 along the 
axis of the gun is formed a very Srinal aperture 
85. Which provides. masking for the electron bearin 
of the gun 24. The masking aperture. S5 limits 
the CrOSS-Sectional area of the electron ean to 
a small center-core portion which passes through 
aperture 65. as the bean. 22. 

Electrode 56 is preferably maintained at a nega 
tive potential, relative to cathode potential, to 
provide...a control for the electron emission fron 
the cathode. 5). The closed end. 8 of the cathode 
tube 5 is covered with an activated naterial to 
proVide-a, Sorce of electron enission. The na 
terial may be a mixture of the oxides of barium 
and strontium and may be applied to cathode 
Surface 8, as is Well known in the art. During 
tube operation, heater filament 8-maintains the 
activated cathode. Surface S. at a te:aperature 
Sufficient to provide for an emission of electrons. 
The cathode is maintained at reference potential, 
during tube operation and electrode. is prefer 
ably maintained at around 300 volts positive, 
relative to the cathode electrode, ilis-electrode 
6.-draws the electron emission fron the .catingde 
Surface 8; forins it into a beam 22 and accel 
-erates it to high velocity before the crossoyer 
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point of the bean at 23. Electrode land: task 
ing electrose 64 are maintained at the same go 
tential through the conductivity of the metallic 
spacer ring 62. 

Ordinarily in television pickup tubes of the 
type described, the electrons of the scanning 
bean energe from the electron gun at high ve 
locity agad. With transverse. Velocity components, 
whose energy may range from zero to a volt or 
more. As each electron of the beam emerges 
into the magnetic focusing field of the tube, it 
Will describe a helix. Also, because of the Inag 
netic focusing field, the beam Will converge to 
a focus at several nodal points between the gun 
and target. Those electrons with the greatest 
transverse component of velocity will spiral to 
the greatest distance from the beam axis and will 
approach the target at the greatest angles of 
incidence. The electrons which possess trans 
verse, energy have acquired this energy at the 
expense of their longitudinal, or axial energy and 
Will thus also approach the target at a Smaller 
normal velocity component. Hence, the elec 
trons of the beam, which have acquired the 
greatest transverse velocity component, will not 
be enabled to reach the target before reflection. 
Thus, a Scanning bean of electrons having. a 
large range of Velocities Will not discharge a pos 
itive area of the target as completely as one in 
Which the electron Velocity range is smaller, and 
in which the velocity component normal to the 
target of the electrons is as nearly uniform as 
possible. If the scanning beam fails to dis 
charge each positive area of the target coin 
pletely, not only will there be produced on the 
target undesirable potential gradients, which 
Will result in Spurious shading of the video sig 
nal, but there Will be a larger unused portion 
of the return: beam, which will result in poorer 
nodulation of the returnbeam and also Wii con 
tribute to the noise output of the multiplier With 
out adding to the signal. 
My specific electron gun structure improves 

the operation of the type of television pickup 
tube described by reducing the range-of-electron 
Velocities in the Scannings beam. The sections 
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of the beam having low axial velocities consist 
of electrons coming from the outer circumfer 
ential areas of the cathode. The specific gun 
structure, shown in Figure 2, tends to elininate 
these electrons having the greatest tranSVerse 
velocity component and thus reduce the electron 
velocity-range of the beam. Control electrode 53 
is closely Spaced from the sensitized electron 
emitting surface 8 of the cathode 5 and is 
maintained at a constant negative bias of around 
a -70 volts, relative to cathode potential, during 
tube operation. In one example of the electron 
gun shown in Figure 2, the cathode to control 
electrode Spacing is close to 0.0075 inch. To 
Overcome the blocking effect produced by this 
large negative bias of grid 56 and its close Spac 
ing from the cathode, and also, to provide a 
strong positive field to draw sufficient electrons 
from the center of the cathode, I have poSi 
tioned the accelerating grid 66, at the high posi 
tive potential of 300 volts positive, close to grid 
56. Accelerating grid 6 is closely spaced from 
electrode 56 by a distance of around 0.03 inch. 
The aperture 57, in grid 55, has a diameter of 
around 0.045 inch, So that the effective emit 
ting area, of the cathode Surface 3, which can 
'see' the large positive field of the accelerating 
electrode 6 through aperture 5, is relatively 
Small, and the beam, drawn from this Small area, 
at the center of the cathode einitting Surface, 
has a narrow range of electron velocities. 
This electrode arrangement resultS in Several 

advantages. The presence of a control grid 
closely Spaced from the cathode einitting Surface 
and having a large negative bias Suppresses ennis- is 
Sion of bean electrons from the outer circum 
ferential area of surface 8 and which would 
have the lowest axial velocities. Also, the Small 
effective emitting surface of the cathode pro 
duces an electron beam having leSS dispersion 
as electrons in coining from a small cathode area, 
follow more parallel paths. This resultS. in a 
bean of Smaller cross-sectional area. The ac 
celerating grid Si, maintained at high positive 
potential, "pulls' a sufficiently large beam cur 
rent from this Small emitting portion of the 
cathode Surface and also accelerates the elec 
trons to their greatest velocity, before their cross 
OVer at 23. This produces an effective “packing' 
of the electrons, Since in going through the cross 
over point at high velocity, there is less tend 
ency of the bsarn to Spread from ritual electron 
repulsion. The nasking aperture 65 selects only 
the core of the electron bean diverging from the 
CrOSS-Over point 23. the nasking aperture 65 
is in the order of 0.002 inch and is carefully 
aligned with apertures 6; and 57, so that the 
Center of the beam will paSS through the masking 
electrode 64. Furthermore, the small masking 
aperture 65 eliminates any diverging electrons 
from the outer areas of the effective cathode 
emitting Slrface and passes electrons having 
more uniform Velocities. This selection of the 
bean core results in a scanning beam having a 
Smaller velocity range. 
Another advantage of the novel electrode 

arrangement, of Figure 2, is the maintaining of 
a high potential in the region of the beam cross 
over point 23. It is well recognized, that a better 
focus of an electron beam is obtained the higher 
the potential of the field is, at the cross-over 
point. The Spaced electrodes SE and 64 are 
maintained at a common potential of 300 volts 
positive, relative to cathode or references poten 
tial. This is the highest accelerating potential 
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imposed on the beam 22, between cathode 50 and 
target 8. Electrode 60 is recessed to form a sub 
Stantial region between it and the limiting elec 
trode 64 in which Cross-over 23 point is formed. 
The Spacing of electrodes 60 and 64 in the tube 
described is not very critical and is in the order 
of 0.117 inch. The spacing between the acceler 
ating electrode 60 and control electrode 56, as 
Well as their relative potentials, control the cross 
Over point 23. In the particular gun described, 
if accelerating electrode 6) is closer than 20 mills 
from electrode 56, the cross-over Will extend into 
aperture 65 of masking electrode 64. This will 
result in a poor beam, as the effect of the limiting 
or masking aperture would be lost, and the beam 
Would have wide divergence. Best results are 
obtained, when the cross-over point 23 is as close 
to electrode 64 as possible, without being in aper. 
ture 65 or beyond. In the tube described, the 
Spacing between electrodes 56 and 60 is close to 
31 mills. 
The above described arrangement of electrodes 

56, 60 and 64 maintains a cross-over region at a 
high uniform potential, instead of at intermedi 
ate potential between that of cathode 5 and that 
of electrode 64, as would be true without the pres 
ence of electrode 60. During tube operation the 
potentials of electrodes 56 and 60 are maintained 
at constant values, and will not undergo any 
potential changes which would tend to alter the 
position of the cross-over point. 
The CrOSS-Over point 23 is never a single point 

On the gun axis. Since the electrons emitted from 
the catinode Sarface 78 leave at different velocities 
and paSS through non-uniform portions of the 
focusing electrostatic field between the cathode 
Surface T8 and electrode 60, there will be produced 
an aberration or a spreading of the focus point 
23 along the gun axis. Point 23 represents more 
Correctly a region of electron cross-over points. 
Since this crossover region of the electron beam 
occurs in the field free Space between electrodes 
60 and 64, not only is the crossover formed at a 
high potential to give a better focus of beam 22 

5 on target 8, but all portions of the electron beam 
Will form a Crossover at the same potential which 
provides a more uniform focus of the beam on 
target 8. 
The electron gun structure as disclosed in Fig 

ure 2 has proved to be of considerable advantage 
in television pickup tubes, which utilize a low 
Velocity Scanning beam. The particular struc 
ture, described in detail above, provides an elec 
tron beam, which has a small range of electron 
Velocities, and One of Small cross-sectional area. 
The portion of the electron beam 22 having large 
transverse velocities are eliminated by the con 
trol electrode 56 closely spaced from the cathode 
emitting Surface 78 and maintained at a large 
constant negative potential during tube opera 
tion, by providing a small effective electron emit 
ting Cathode area, and by utilizing a small mask 
ing aperture to eliminate the components of the 
electron bean diverging from the cross-over 
point. Furthermore, the electron beam is main 
tained concentrated and of minimum cross-sec 
tion by the Small emitting cathode area, and by 
the action of accelerating lens 60 to accelerate 
the electrons to their greatest velocity before 
CrOSS-Over, which reduces the tendency of beam 
divergence from mutual repulsion of the electron 
charges. By forming the cross-over of the elec 
tron beam in a field-free space, between elec 
trodes 60 and 64, there results less aberration and 
divergence of the beam focus at the target 8, 
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All of this results in a concentrated electron scan 
ning beam of small cross-section having a Small 
CroSS-Oyer point producing a sharper focus at 
the target. My new gun structure gives better 
alignment of the electron beam components, 
produced by a greater packing of the electrons 
in the beam. Less dispersion of the electron 
beam gives a better picture resolution through a 
more efficient discharge of the target. 
While certain specific embodiments have been 

illustrated and described, it will be understood 
that various changes and modifications may be 
made therein without departing from the spirit 
and scope of the invention. 
What I claim as new is: 
1. An electron gun structure comprising, a 

cathode electrode having an activated surface for 
providing a source of electrons, an apertured ac 
celerating electrode adapted to be positively 
biased relative to said cathode electrode and : 
spaced from said cathode electrode, an apertured 
control electrode adapted to be biased at a con 
stant negative potential relative to said control 
electrode and positioned in spaced and face-to 
face relationship to said accelerating electrode 
between said accelerating electrode and said 
cathode electrode, an apertured masking elec 
trode positioned on the other side of said ac 
Celerating electrode, the apertures of Said elec 
trodes and said activated cathode surface ar 
ranged in alignment to provide a straight line 
path for said electrons, means electrically con 
necting together said accelerating and masking 
electrodes to form a field free space therebetwesn, 
said accelerating electrode and control electrode 
both positioned and arranged relative to said 
cathode electrode to form the electrons from said 
cathode electrode into an electron beam with a 
crossover point in said field free space, the aper 
ture of said masking electrode being smaller than 
the apertures in said control and accelerating 
electrodes to permit only the passage of a center 
portion of said electron beam after its divergence 
from said crossover point, the aperture of said 
control electrode being smaller than the activated 
surface of said cathode and smaller than the 
aperture of said accelerating electrode. 

2. An electron discharge device comprising, 
an envelope, a cathode electrode within Said en 
velope adapted to be connected to a Source of 
electrical potential for providing an electron 
emission, a masking electrode spaced in said en 
elope from said cathode electrode, a control 

electrode positioned in said envelope between Said 
cathode and Said masking electrode, and an ac 
celerating electrode in said envelope in Spaced 
and face-to-face relationship between Said Con 
trol and masking electrode, said control, masking 
and accelerating electrodes each having an aper 
ture therethrough, said apertures being in align 
ment to provide rectilinear passage for said elec 
tron emission from said cathode electrode, means 
connected to said control electrode for connecting 
said control electrode to a source of constant 
negative potential relative to said cathode poten 
tial, means for connecting said accelerating and 
masking electrodes to a connon Source of Con 
stant positive potential relative to Said Cathode 
potential to provide a field-free Space therebe 
tween, said accelerating electrode being positioned 
relatively close to said negative control electrode 
to provide with said control electrode an electro 
static field for forming said electron emission 
into an electron beam having a crossover point 
in said field-free space during tube operation, the 

10 
aperture through said accelerating electrode be 
ing larger than the aperture through said control 

m electrode. 
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3. An electron discharge device comprising, 
electrode means including a cathode for directing 
electrons as a beam along a predetermined path, 
a target in the path of said beain adapted to 
have charges established thereon, Ileans adja-. 
cent for establishing a magnetic field axially of 
said beam path, said cathode having an electron 
emitting surface, a first electrode positioned 
closely adjacent said cathode surface and having 
a single aperture registering with a central por 
tion of said emitting surface and adapted to have 
a negative potential applied thereto, a Second 
electrode spaced from and in face-to-face rela 
tionship to said first electrode and having an 
aperture aligned with the aperture in said first 
electrode, the aperture of said second electrode 
being of larger diameter than the aperture of 
said first electrode, and a third electrode posi 
tioned adjacent said second electrode and having 
an aperture coaxial with the apertures of said 
first and second electrodes but Smaller than either 
of the apertures thereof, lead means connected 
to said second and third electrodes to provide 
a common positive potential thereto to form the 
electron beam from said cathode into a cross 
over between said last two apertured electrodes. 

4. An electron discharge device comprising, an 
elongated envelope, a target at one end of Said 
envelope and an electron gun assembly at the 
other end of said envelope for directing a stream 
of electrons toward said target, said gun assembly 
including a tubular member closed at one end, 
an elongated cathode having an emitting surface 
and an insulating member Supporting Said cath 
ode within said tubular member, a first electrode 
Supported within Said tubular member closely 
adjacent the emitting Surface of Said cathode, 
said first electrode having a single aperture 
aligned with a small central portion of Said 
emitting Surface, a second electrode positioned 
in Spaced and face-to-face relationship to Said 
first electrode within said tubular member, said 
second electrode having a depressed portion posi 
tioned closely adjacent said first electrode, said 
depressed portion having an aperture aligned with 
the aperture in said first electrode but of larger 
diameter, said tubular member having an aper 
ture in its closed end coaxially aligned With the 
apertures of said first and second electrodes and 
Smaller than the other two apertures, and an 
insulating spacer member insulatingly Supporting 
the first electrode within the tubular member, 
said Second electrode being electrically and cons. 
ductively connected with said tubular member. 

5. An electron discharge device having an 
elongated envelope, a target positioned adjacent 
one end of Said envelope, a photoSensitive Surface 
applied to the inside of Said envelope adjacent 
said target for emitting photo electrons directed 
toward said target during operation of Said de 
vice, an electron gun assembly positioned at the 
other end of said envelope for directing an elec 
tron beam toward the other side of said target, 
said gun assembly having means for generating 
a beam of electrons in which the majority of Said 
electrons approach said target, normally and in 
cluding a cathode electrode having an emitting 
surface, a first apertured electrode spaced closely 
adjacent said cathode and having an aperture 
registering with the central portion of Said 
emitting surface, a second electrode having a 
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ture and a third electrode spaced from said Second 
electrode and having an aperture coaxial with 
the apertures in said first and Second electrodes, 
lead means connected to Said electrodes to main 
tain said first electrode at a negative potential 
with respect to said cathode electrode and to 
maintain said second and third electrodes at a 
common positive potential with respect to said 
cathode, and means Surrounding Said cathode for 
receiving returned electrons from said target. 

6. A television transmitting tube comprising, 
an evacuated envelope, an electron gun assembly 
mounted within said envelope for providing an 
electron beam along a path, a target electrode 
mounted within said envelope transversely to said 
electron beam path, said electron gun assembly 
including a tubular supporting member and a 
cathode electrode within said tubular member, 
an apertured plate electrode positioned trans 
versely within said tubular member and adjacent 
said cathode electrode, insulating means fixedly 
supporting said cathode and plate electrodes with 
in said tubular member, lead means connected 
to said apertured plate electrode to provide a 
negative potential thereto during tube operation 
for controlling electron emission from said cath 
ode, an accelerating electrode within said tubular 
member and in electrical contact therewith, said 
accelerating electrode having an aperture aligned 
with the aperture of said plate electrode, lead 
means connected to said accelerating electrode 
to provide a positive potential thereto during tube 
operation for accelerating and focusing the elec 
trons from said Cathode, plate means intercepting 
the electron beam path and closing one end of 3, 
Said tubular member, said plate means having 
an aperture therethrough Smaller than the aper. 
tures of said control and accelerating electrodes 
for limiting the size of the electron beam. 

7. An electron discharge device comprising an 
electron gun means for directing electrons as a 
beam along a predetermined path, a target in 
the path of said beam adapted to have charges 
established thereon, means establishing a mag 
netic field axially of Said beam path and between 
Said gun and target, said electron gun means 
including a cathode electrode having an electron 
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emitting surface, a first electrodepositioned close 
ly adjacent Said Cathode Surface and having a 
single aperture registering with a central portion 
of said emitting surface, lead means connected 
to said first electrode and said cathode electrode 
for biasing said first electrode to a constant nega 
tive potential relative to the potential of said 
emitting cathode surface, a second electrode 
Spaced from and in face-to-face relationship to 
said first electrode and having an aperture 
aligned with the aperture in said first electrode, 
the aperture of said second electrode being of 
larger diameter than the aperture of said first 
electrode, a third electrode positioned on the 
opposite side of said second electrode from said 
first electrode, said third electrode having an 
aperture co-axial with the apertures of said first 
and Second electrodes but Smaller than either 
of the apertures thereof, lead means connected 
to Said second and third electrodes for positively 
biasing Said Second and third electrodes to a 
Common potential relative to said cathode sur 
face to form the electrons from said cathode 
emitting surface into a cross-over between said 
second and third apertured electrodes. 

RALPH. E. JOHNSON. 
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