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1. 
My invention relates to television apparatus, 

tubes and systems and is concerned primarily 
with apparatus incorporating a tube in which an 
electron beam is scanned over a target to develop 
a stream of electrons which is multiplied by Sec 
ondary emission phenomena in the absence of 
electro-magnetic beam focusing fields. 

It has been customary in the art of television 
signal generation to develop the picture or Video 
signal by directing an electron beam through a 
magnetic beam focusing field toward a target 
Which is maintained at Substantially the poten 
tial of the electron beam source, to rob the bean 
of electrons in accordance with an electrostatic 
charge replica of the Optical image for which Sig 
nals are desired, and to direct the remaining 
electrons to a secondary electron multiplier from 
Which the signal may be generated. In such 
tubes it has been necessary, if the advantages 
of electron multiplication were to be obtained, to 
utilize a longitudinal magnetic field to focus and 
direct the electron beam upon the target and to 
return the excess electrons after the robbing ac 
tion of the target along predetermined paths to 
the multiplier. The use of such a tube enables 
the development of a relatively strong picture 
or Video Signal but the use of the magnetic field 
generating means is often disadvantageous in 
compact television camera units and especially in 
applications where it is desired to combine a tube 
With reflection-type optical systems inasmuch as 
the magnetic means which surrounds the tube 
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occupies considerable space and intercepts a 
large proportion of the light from the reflection 
optic. In addition, such use is disadvantageous 
in that a power Supply of high quality must be 
provided for energizing the magnetic means with 
a. Steady current of exceptionally good regula 
tion. While it has been proposed to utilize a low 
Velocity television tube without the use of such 
magnetic means, it has not been possible to adapt 
Such a tube to utilize the principles of secondary 
electron emission to increase the usable outpu 
picture or video signal. 

It is an object of my invention to provide 
highly sensitive television apparatus capable of 
developing picture or video signals of high qual 
ity and high intensity. It is another object to 
provide a tube of the low velocity beam scanning 
type Suitable for use with reflection-type optica 
Systems utilizing secondary electron emission 
phenomena, and it is a further object to provide 
a light translating and scanning device which 
Will simplify the development of television signal 
ling impulses of high intensity with a minimum 
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of distortional effects and without recourse to 
magnetic beam focusing. In accordance With 
my invention I provide apparatus comprising a 
tube wherein an electronbeam may be developed 
and scanned over a target at low longitudinal 
velocities to develop a modulated electron beam. 
in the total absence of magnetic directing and 
focusing fields and wherein excess electrons of 
the beam not reaching the target are directed 
to a secondary electron emitting electrode or 
electrodes in the total absence of magnetic elec 
tron beam focusing fields. These and other ob 
jects, features and advantages of my invention 
Will become apparent upon consideration of the 
following description and the accompanying 
drawing wherein the single figure is a longitudi 
'nal Sectional view of a tube made and operated 
-in accordance. With my invention. 

As indicated above, tubes of the prior art capa 
ble of developing an intensified signal by sec 
ondary electron emission have been substantially 
limited by the use of a longitudinal magnetic field 
developed by a coil substantially enclosing the 
length of the tube, whereas tubes of the low ve 
locity type wherein the electron bean is focused 
and directed Solely by electrostatic means have 
not been adaptable to secondary electron multi 
plication of the electrons returning from the 
target. More particularly, in accordance with 
my invention I provide a tube structure wherein 
an electron beam is electrostatically focused upon 
-a concave target, scanned over the target pref 
erably from a center of deflection more remote 
from the target than the center of curvature 
thereof to develop a stream of electrons modul 
lated in accordance with an optical electrostatic 
image replica, on the target. The modulated 
Stream of electrons fron the concave target is 
then directed to a concave secondary electron 
emitting electrode, axially disposed with respect 
to the target, and the deflection means, Where 
upon the intensified electron flow due to sec 
ondary multiplication is collected to develop an 
intensified signal. Still further in accordance 
with my invention I provide further secondary 
electron emitting means surrounding both the 
electron beam approaching the target and the 
excess electrons of the beam returning from the 
target and impinging the concave secondary 
emitter to provide further electron multiplication 
and consequently even greater signal strength. 

Referring to the drawing, I have shown a tube 
made in accordance with my invention compris 
ing an evacuated envelope having at one end 
thereof a target 2 which is preferably of the 
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charge storage type and at the opposite end of 
the envelope an electron gun structure 3 for 
developing an electron beam. The target 2, if 
of the charge storage type, comprises a light 
transmitting electrode 4 and a mosaic 5 of photo 
emissive elements separated from the electrode 
4 by a very thin film of insulation 6. The elec 
tron gun structure 3 comprises the conventional 
indirectly heated electron emissive cathode 7, 
beam intensity control grid 8 and an apertured 
anode 9. In accordance with my invention I 
provide immediately adjacent the electron gun 
3 a concave secondary electron emitting electrode 
or emitter 0 with its concave surface facing 
the target 2 and having a center of curvature 
along the tube axis at a predetermined position 
between the emitter O and the target 2. Fur 
ther in accordance with my invention I provide 
electron accelerating or focusing electrodes 2 and 
3 likewise axially disposed and separated one 
from the other along the tube axis such that the 
region between the electrodes 2 and 3 Suur 
rounds the center of curvature l l of the emitter 
0. The purpose of this disposition of the elec 

trodes 2 and 3 will be more fully appreciated 
hereinafter. 
The secondary emitter O is of a material hav 

ing a low work function, that is, high secondary 
electron emitting properties, and is provided with 
an aperture 4 axially aligned with the electron 
gun 3 and the tube and target axis, this aper 
ture preferably being of very small diameter such 
aS a, diameter Of 1 mil (0.001??). The electron 
beam developed by the electron gun 3 is directed 
through the aperture f4 and limited in diameter 
thereby, the electrons of this beam then being 
focused by a field developed between the anodes 
f2 and 3 upon the target 2. Further in accord 
ance With my invention I provide defection means 
Such as a pair of horizontal deflection coils 5 
and a pair of vertical deflection coils 6 inter 
mediate the emitter O and the target 2, prefer 
ably surrounding the tube in the region of the 
anode 3, these coils being so positioned that the 
effective center of deflection f7 is at a position 
along the tube axis more remote from the target 
than the spherical center of curvature 8 of the 
target. Thus I have found my electrode com 
bination particularly effective for secondary elec 
tron multiplication with a positioning of the cen 
ters of curvature and 8 and the center of 
deflection as described above. With this posi 
tioning of the electrode structure I prefer to pro 
Vide one or more additional focusing electrodes 
immediately adjacent the target 2 such as the 
ring electrodes 9 and 20. With the described 
positioning, the electron beam is deflected over 
paths oblique to the target surface, whereupon 
the ring electrodes f9-20 direct the beam nor 
mal to the target surface, that is, radially to the 
Spherical surface whose center of curvature is at 
the point 8. 

In general, the electrodes are maintained at op 
erating potentials such that the light transmit 
ting electrode 4 is at or near the potential of the 
cathode 7 such as by the direct electrical connec 
tion 2, the control grid 8 being maintained at 
a conventional control potential such as devel 
Oped by the potentiometer-potential source com 
bination 22, the anode 9 being maintained posi 
tive thereto by a battery or other potential source 
23. Preferably the emitter O is maintained at a 
positive potential with respect to the anode 9, 
although the anode 9 may be omitted altogether, 
in which event the emitter 10 serves as the anode 
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4. 
for the electron gun. Preferably, although not 
necessarily, the emitter O is maintained at the 
same potential as the anode f2 by the potential 
lead 24 connected to the source 23. The fur 
ther anode 3 is likewise maintained at a more 
positive potential than the foregoing electrodes 
by a potential lead 25 in which the output in 
pedance 26 may be connected as shown, while 
the electrode rings 9 and 20 are maintained at 
slight positive or negative potentials with respect 
to the cathode 7 and the light transmitting elec 
trode 4 by an auxiliary potential source 27. 
As a particular example of a tube made in ac 

Cordance with my invention, the axial distance 
between the center of deflection and the tar 
get Was made equal to 4 inches with a radius 
of curvature of the target of 3 inches. Good 
Secondary electron emission was obtained from 
the emitter O by placing this electrode at an axial 
distance of 6% inches from the target 2 with 
its center of curvature f l at an axial distance of 
4 inches from the target. For this construction 
the anodes 2 and 3 have a minimum diameter 
of 1% inches when using a rectangular target 
measuring % x 1% inches. In addition, the 
anode 2 is made to preferably extend beyond the 
emitter in the direction of the electron gun, 
the axial length of this anode from the emitter 
toward the target being 2 inches, the center of 
curvature of the emitter flying along the axis 
and midway between the anodes 2 and 3. 
In accordance with my invention I further 

provide an electrode structure which Will allow 
electrons returning from the target to flow un 
impeded to the secondary electron emitter. For 
proper tube operation the electrons returning to 
the emitter 0 from the diagonal corners of the 
target must pass through the anodes 2 and 3. 
Consequently, I have found a maximum ratio of 
the maximum useful target dimension to anode 
diameter to exist. For a ratio above this limit 
the electrons are not efficiently collected. This 
maximum ratio is 1.30, which means that for a 
rectangular projection spherical target the target 

5 diagonal measured as a chordal distance may be 
up to 1.30 times the minimum diameter of the 
anodes 2 and 3. 
For the structure described immediately above 

I have found the following potentials, all given 
With respect to the cathode, to be satisfactory in 
providing both good resolution and high signal 
strength, these potentials being as follows: 

Wolts 
O ? - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Cathode ?? 

Grid 8---------------------------------- -9 
Anode 9--------------------------------- 175 
Emitter 0------------------------------ 175 

75 ---------------------------------- ? ? AnOde 
Anode 3------------------------------- 1500 
Ring electrodes 9-20------------------- 00 
Target electrode ------------------------ 0. 

In the operation of the tube and system shown 
in the drawing, an optical image of the picture 
to be transmitted is focused on the target 2 pref 
erably by a reflection-type optical system (not 
shown) Such as of the Schmidt type to liberate 
electrons in response to the elemental areas of 
light and shade, thereby developing an electro 
static image replica of the optical image made 
up of positive charges due to the loss of elec 
trons. The formation of this electrostatic image 
replica may be accomplished in a number of 
equivalent Ways such as by directing an electron 
image on the target, in which event the target 
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tion, various other modifications and alternate 
structures embodying my invention may be pro 
vided without departing from the scope of my 
invention as set forth in the appended claims. 

I claim: 
1. Apparatus for television transmission com 

prising a tube having an electron gun to de 
velop an electron beam, an oppositely disposed 
target positioned transversely to the axial path 
of said beam, beam deflection means to scan said 
beam over said target, means between said elec 
tron gun and said beam deflection means com 
prising a concave secondary electron emitter with 
its center of curvature lying along said axial 
beam path to receive electrons of said beam not 
reaching said target and develop secondary elec 
trons and means between said secondary emitter 
and said beam deflection means to collect sec 
ondary electrons from said emitter. 

2. Apparatus for television transmission com 
prising a tube having an electron gun to develop 
an electron beam, an oppositely disposed target 
positioned transversely to the axial path of said 
beam, electrostatic beam focusing means between 
Said electron gun and target, said means being 
the Sole factor in focusing said beam on said tar 
get and the electrons of said beam not reaching 
said target upon an area, closely adjacent said 
electron gun, beam deflection means to scan said 
beam over said target, means closely adjacent 
said electron gun comprising a concave secondary 
electron emitter with its center of curvature ly 
ing along said axial beam path to receive electrons 
of said beam not reaching said target and focused 
thereon by said electrostatic means to develop 
secondary electrons, and means including a por 
tion of said electroStatic beam focusing means 
between said secondary emitter and said beam de 
flection means to collect secondary electrons from 
Said emitter. 

3. Apparatus for developing television signals 
comprising a tube having an electron gun to de 
velop a high velocity electron beam, a charge 
storage target positioned transversely to the axial 
path of said beam, said target being concave with 
respect to said gun with its center of curvature 
lying along said axial path, means between said 
gun and said target to scan said beam over said 
target, a plurality of longitudinally spaced 
anodes between said gun and said target and a 
Concave secondary electron emitter having a cen 
ter of curvature lying along said axial path in a 
region between said spaced anodes to develop 
secondary electrons upon inpingement of elec 
trons of said beam not reaching said target for 
the development of television signals. 

4. Apparatus for developing television signals 
comprising a tube having an electron gun to de 
velop a high velocity electron beam, a charge 
storage target positioned transversely to the 
axial path of said beam, said target being concave 
With respect to said gun. With its center of curva 
ture lying along said axial path, means between 
Said gun and said target to scan said beam over 
Said target, a plurality of longitudinally spaced 
anodes between said gun and said target, an elec 
trostatic beam focusing electrode a diacent said 
target, Said spaced anodes and said electrode be 
ing the Sole means between said gun and tar 
get for focusing said beam on said target, and a 
concave Secondary electron emitter having a cen 
ter of curvature lying along said axial path in 
a region between Said Spaced anodes to develop 
secondary electrons upon impingement of elec 
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8 
trons of said beam not reaching said target for 
the development of television signals, 

5. Apparatus as claimed in claim 4 including 
an additional electrode between Said beam focus 
ing electrode and said target, said electrodes and 
Said Spaced anodes being the Sole means between 
said gun and Said target for focusing Said beam 
upon said target and the electrons not reaching 
Said target upon said secondary electron emitter. 

6. Television apparatus comprising a tube en 
closing an electron gun to develop an electron 
beam, a light sensitive target adapted to develop 
elemental charges spatially distributed in ac 
cordance With the light and shade areas of an 
optical image, said target being concave toward 
Said electron gun, a secondary emitter adjacent 
said gun and facing said target to receive elec 
trons of said beam not collected by charged areas 
thereof, said emitter being concave toward said 
target, means to develop an electron lens at the 
approximate center of curvature of Said emitter, 
Said means including an anode adapted to re 
ceive secondary electrons from said emitter, de 
flection means between the emitter and the cen 
ter of curvature of Said target to deflect said 
beam over said target along paths oblique to 
said target and means to cause the electrons foll 
lowing deflection to approach, and electrons not 
reaching said target to leave said target along 
paths substantially normal thereto whereby said 
electrons leaving said target are directed toward 
Said emitter. 

7. Television apparatus comprising a tube en 
closing an electron gun to develop an axially di 
rected electron beam, a light sensitive target 
adapted to develop elemental charges spatially 
distributed in accordance with the light and 
Shade areas of an optical image, said target being 
Spherically concave toward said electron gun 
With its center of curvature lying on the axis of 
Said beam, a secondary emitter adjacent said 
gun and facing Said target to receive electrons 
of said beam not collected by charged areas 
thereof, said emitter being concave toward said 
target With its center of curvature on said axis 
between said emitter and said target, means to 
develop an electron lens at the approximate cen 
ter of curvature of said emitter, said means in 
cluding an anode adapted to receive secondary 
electrons from said emitter, deflection means 
having an effective center of deflection between 
the emitter and the center of curvature of said 
target to deflect said beam over said target along 
paths oblique to said target and means to cause 
the electrons following deflection to approach, 
and electrons not reaching said target to leave 
Said target along paths substantially normal 
thereto whereby said electrons leaving said tar 
get are directed toward said emitter. 

8. Television apparatus comprising a tube en 
closing an electron gun to develop and direct a 
beam of electrons along an axial path, a spher 
ically concave target of the mosaic light sensi 
tive type positioned transversely of said axial path 
With its center of curvature along said path, said 
target being adapted to picture modulate said 
electron beam, a spherically concave secondary 
electron emitter adjacent said electron gun with 
its center of curvature at a predetermined posi 
tion along Said path, means to scan said beam 
Over Said target to develop picture modulated 
electrons incident upon said spherically concave 
emitter, an anode surrounding said path and 
extending Substantially from said emitter to a 
region adjacent Said predetermined position 
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along said path, a further secondary electron 
emitter surrounding said path and between said 
anode and said target, and an electron permeable 
secondary electron collecting electrode extending 
in overlying relation to said further emitter to 
collect electrons emitted by said further emitter 
for the development of television signals. 

9. Television apparatus comprising a tube in 
cluding an electron gun to develop an axially di 
rected electron beam, a spherically concave tar 
get transversely positioned to the beam axis hav 
ing an extended useful area of predetermined 
maximum chordal dimension, a secondary elec 
tron emitter adjacent said electron gun to re 
ceive electrons of Said beam not reaching said 
target and an anode between said target and 
Said emitter, the unobstructed opening in said 
anode measured in a direction transverse to Said 
axis having a definite relation Such that the ratio 
of said chordal dimension to said measured open 
ing is not greater than 1.3. 

10. Television apparatus comprising a tube in 
cluding an electron gun to develop an aXially di 
rected electron beam, a spherically concave tar 
get positioned transversely to the beam axis hav 
ing an extended useful area of predetermined 
maximum chordal dimension, a spherically con 
cave secondary electron emitted adjacent said 
electron gun with its center of curvature along 
the beam axis to receive electrons of Said beam 
not reaching said target and a cylindrical anode 
between said target and said emitter With an un 
obstructed Opening to allow electrons not reach 
ing said target to be directed upon said emitter, 
the unobstructed opening in said anode measured 
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in a direction transverse to said axis having a 
definite relation such that the ratio of Said 
chordal dimension to Said measured opening is 
not greater than 1.3. 

11. Television apparatus comprising a tube en 
closing an electron gun to develop and direct a 
beam of electrons along an axial path, a spheri 
cally concave target of the mosaic light sensitive 
type positioned transversely of Said axial path 
with its center of curvature along said path, said 
target having an extended useful area of pre 
determined maximum chordal dimension and be 
ing adapted to picture modulate said electron 
beam, a spherically concave secondary electron 
emitter adjacent said electron gun with its center 
of curvature at a predetermined position along 
Said path, means to scan said beam over said 
target to develop picture modulated electrons in 
cident upon said spherically concave emitter, an 
anode surrounding said path and extending sub 
stantially from said emitter to a region adjacent 
said predetermined position along said path, a 
further secondary electron emitter surrounding 
said path and between said anode and said target, 
and an electron permeable secondary electron 
collecting electrode extending in overlying rela 
tion to said further emitter to collect electrons 
emitted by said further emitter, said further 
emitter and Said Collecting electrode having un 
obstructed openings measured transversely to 
said axial path Such that the ratio of Said 
chordal dimension to said measured openings is 
not greater than 1.3. 

HAROLD. B. LAW. 

  


