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TELEVISIONTRANSMITTING TUBE 
Albert Rose, East Orange, N. J., assignor, by 
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My invention relates to electron discharge ap 
paratus of the television transmitting type, and 
more particularly to improved television trans 
mitting tubes and methods of operating such tubes 
in transmitting systems. 

In many cathode ray television transmitting 
tubes an optical image causes the elemental areas 
of a mosaic electrode to acquire electrostatic 
charges, which form what may be termed an elec 
trostatic image of the projected optical image, 
and which are neutralized to produce signals by 
scanning the mosaic electrode with an electron 
beam. If a high velocity scanning beam is used, 
secondary electrons are emitted from the surface 
of the mosaic electrode at the point of impact of 
the beam, and are attracted by those elemental 
areas of the mosaic Which are more positive, 
thereby resulting in non-uniform distribution of 
the secondary electrons and consequent unequal 
neutralization of the charges on these elemental 
areas. Such non-uniform distribution produces 
a spurious signal commonly referred to as “black 
spot.” In addition, the return of secondary elec 
trons at random to the surface of the mosaic de 
creases the quantity utilized in generating the 
signal with a consequent loss in efficiency of op 
eration. A further reduction in the efficiency of 
the tube is caused by the fact that the potential 
difference between the elemental areas and the 
collector electrode becomes so Small that the pho 
toemission from the elements soon reaches a max 
imum or saturated value. It has therefore been 
proposed to reduce the velocity of the Scanning 

40 

45 

50 

55 

beam so that it will produce little or no secondary 
electrons upon impingement with the mosaic, but 
such a low velocity Scanning beam cannot be 
scanned accurately over the surface of the mosaic 
electrode. In an attempt to improve the accuracy 
of scanning it has been proposed to place close 
to and co-extensive with the mosaic electrode a 
semi-transparent photocathode which is Scanned 
by a rapidly moving spot of light on the side op 
posite that facing the mosaic electrode and to 
direct the electrons from the illuminated areas 
of the cathode to corresponding areas on the 
mosaic electrode. The translucent photocathode 
must be very close to the mosaic electrode to pre 
vent dispersion of the electron Streams produced 
by the scanning light spot. Such dispersion would 
necessarily result in electrons reaching a greater 
area of the mosaic electrode than the area of the 
scanning light spot and as a consequence, pro 
duce poor resolution in the operation of the device. 
However, a photoelectrically sensitive Cathode 
close to the mosaic electrode seriously limits the 

(Cl. 250——150) 
output of Such a device because the capacity be 
tween them by-passes and Weakens the signal. 
One object of my invention is to provide a tele 

vision transmitting tube of greater sensitivity ca 
pable of producing television signals which are 
of greater intensity than those obtained in the 
usual Way and which may be obtained Without 
appreciable distortion. Another object of my in 
wention is to provide a mosaic electrode tube which 
may be Scanned without the introduction of 
Spurious Signals. Or dark Spot phenomena. 

In accordance with my invention an electro 
Static image corresponding in electroStatic energy 
distribution to the light distribution of an optical 
image is formed on a mosaic electrode which is 
Scanned by low Velocity electron streams originat 
ing at a flying spot produced where a Scanning 
beam or ray of radiant energy impinges on a 
Scanned surface which is so remote from the 
mosaic electrode that its electrostatic capacity 
therewith is negligible, the electron streams from 
the flying spot being focused on the mosaic elec 
trode by a uniform magnetic field. 
According to another feature of my invention 

an intensified electroStatic image is formed on 
the mosaic electrode which is Scanned with low 
velocity streams of photoelectrons derived from 
a photoelectrically sensitive surface which is re 
note from the said mosaic electrode and which is 
scanned by a moving light spot focused on it, 
the electron Streams being focused from the sen 
Sitive Surface onto the mosaic electrode by a uni 
form magnetic field. 
According to a further feature of my invention 

the intensified electrostatic image on the mosaic 
electrode may be neutralized by low velocity sec 
ondary electrons which are produced by scanning 
with a high velocity electron beam an electrode 
SO remote from the said mosaic electrode as to 
give the desired minimum of capacity thereWith. 
The Secondary electrons are focused onto the 
mosaic electrode by a substantially uniform mag 
netic field. 
A better understanding of my invention will be 

obtained and other objects, features, and advan 
tages of my invention will appear from the fol 
lowing description taken in connection with the 
accompanying drawings in which, 

Figure 1 is a longitudinal view, partially in 
section, illustrating one form of my television 
transmitting tube and its attendant circuits, 

Figure 2 is a longitudinal view, partially in sec 
tion, illustrating one modification of my invention, 
and 
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2 
Figure 3 is a longitudinal view illustrating an 

other modification of my inventicm. 
Referring to Fig. 1 my television transmitting 

tube comprises a highly evacuated cylindrical 
envelope or bulb closed at each end by optically 
unifornn and transparent sections 2 and 3 which 
have on their inner Surfaces semi-transparent 
photoelectrically sensitive cathodes 4 and 5. Sit 
uated between the photoelectrically sensitive 
Cathodes is a mosaic electrode 6 of the double 
sided type, such as disclosed by Hickok in U. S. 
Patent 2,047,369. To form the electrostatic im 
age there is mounted between the mosaic elec 
trode 5 and the photoelectrically Sensitive cath 
ode 4 on which the optical image is focused and 
which will be referred to as the image cathode, 
a wire resh accelerating electrode , which is 
preferably of relatively fine mesh with interstices 
which correspond in size to the elemental areas 
of the mosaic electrode 6. To assist in Scanning 
he electrostatic image there is between the no 

saic electrode 6 and the other photoelectrically 
sensitive cathode , from which the scanning 
stream originates, and which will be referred to 
as the scanning cathode, a wire mesh accelerat 
ing electrode 8, preferably of relatively coarse 
mesh, but which, however, may be a ring type 
electrode, preferably cf conducting material On 
the wall of the envelope between the cathode 5 
and mosaic electrode 6. The scanning Cathode 
5 aid the accelerating electrode 8 are so remote 
from the mosaic electrode that the electrostatic 
capacity of these electrodes with the mosaic elec 
trode is negligible. I have found that a minimum 
distance of one inch between the mosaic electrode 
6 and the scanning cathode 5 is desirable. Sur 
rounding the envelope and preferably extend 
ing slightly beyond each of the photocathodes 4 
and 5 is a single electron focusing coil 9 for the 
purpose of focusing electrons from the image 
cathode 4 to the mosaic electrode 6 which elec 
trons are liberated under the influence of a light 
image represented by the arrow 0 focused onto 
the cathode 4 by the lens System . The focus 
ing coil 9 also focuses the scanning electrons from 
the scanning photocathode 5 onto the mosaic 
electrode 6 which electrons are liberated under 
the influence of a flying light Spot from a Con 
ventional cathode ray tube f2 having a fluores 
cent screen f3, and focused on the Scanning pho 
tocathode 5 by the lens system. 4. Since the 
single focusing coil 9 extends over the Space Sep 
arating the photocathodes 4 and 5 the field which 
it generates is continuous therebetween, perpen 
dicular to both of the photoCathodes, and like 
wise perpendicular to the mosaic electrode. It 
is desirable to make the fluorescent Screen 3 of 
material which has little phosphorescence after 
being scanned by the cathode ray beam. A ma 
terial having this characteristic is calcium tung 
state which may be applied to the inner face of 
the cathode ray tube 2. A commercially avail 
able cathode ray tube having the desired fluores 
cent screen characteristics is known as the RCA 
907 cathode ray tube. The cathode ray tube 2 
is conventional, having the usual cathode and 
electron beam focusing anodes by the cooperative 
action of which an electron beam is directed to 
the fluorescent screen in the usual manner. 
AS CUIStomary in the art the foundation or sig 

nal electrode of the mosaic electrode 6 is con 
nected to ground through the usual load imped 
ance 5 and to the input electrode of a translat 
ing device such as the triode 6. The photoelec 
triC3, lly SePSitive image cathode 4 is maintained 

2,213,178 
at a relatively high negative potential with re 
Spect to the foundation of the mosaic electrode 6 
by the battery it, this battery likewise serving 
as a potential Source for the fine Wire mesh elec 
trode . The Scanning caito de 5, preferably op 
erated at a small negative potential with respect 
to the mosaic electrode 6, is shown connected to 
the battery 9 which likewise provides a low posi 
Five potential on the electrode 8 with respect to 
the scanning cathode 5. 
The Seni-transparent cathodes 4 and 5 may be 

nade by vaporizing and condensing a Small 
quantity of silver as a semi-transparent film on 
the Sections 2 and 3. The Silver as it condenses 
on the Surface to be coated forms a film Which 
changes in color with transmitted sunlight from 
yellow to brown to purple and to blue. The evap 
oration of Silver is discontinued between the pur 
ple and blue stages whereupon the silver film is 
completely oxidized by subjecting the film to a 
glow discharge in the presence of oxygen. EX 
cess oxygen is pumped from the tube and caesium 
is admitted, and the tube is baked for five min 
utes at approximately 200° C. to sensitize the 
silver oxide film. It has been found that With 
such treatment an excellent electrically conduct 
ing photoelectrically sensitive surface is obtained. 

In operation an optical illage Such as lepre 
sented by the arrow í :) is projected and focused 
upon the image cathode 4 by the lens System O, 
elections being liberated in the form of electron 
streams in accordance with the elemental areas 
of light and shade of the optical image and pro 
jected at high velocity upon the mosaic electrode 
S in the form of an election image. By reaSOn 
of the potential differences of the mosaic elec 
trode S and the Wire mesh electrode With re 
spact to the image cathode 4, a high Velocity is 
imparted to the photoelectrons from the image 
cathode 4 and upon impingement With the mo 
saic electrode 6, secondary electrons are liberated 
which in quantity exceed the photoelectrons. A 
positive electrostatic image on the mosaic elec 
trode is formed by the loss of these secondary 
electrons. The fluorescent Screen 3 of the cath 
ode ray tube 2 is scanned by an electron beam 
to form a pattern, preferably consisting of hori 
zontal lines, each displaced from the preceding 
in a direction normal to the lines, and an optical 
image of the pattern is projected upon the Scan 
ning cathode 5 by the lens System 4 and forms 
in effect 3, Scanning light Spot on the Scanning 
Cathode 5. Photoelectrons are liberated from 
the photocathode 5 under the influence of the 
Scanning light spot and are directed as a low ; 
Velocity electron Stream to Ward the mosaic elec 
trode 6 by the potential differences between the 
mosaic electrode 6 and the accelerating electrode 
8 with respect to the cathode 5 and focused upon 
the mosaic electrode by the magnetic field pro 
duced by the focusing coil 9. The focusing coil 9 
is designed and energized to produce a sufficient 
ly Sti'Ong magnetic field to focus the electrons 
onto the rinOSaic electrode. I have found that a 
field strength of 75 gausses is sufficient to obtain 
resolution of 150-200 lines, but I have found that 
even greater resolution may be obtained by in 
reasing the Strength of this field to several hun 

dred gallSSeS. The potentials applied to the scan 
ining Cathode 5 and the accelerating electrode 8 
With respect to the mosaic electrode are so ad 
justed that the electrons from the cathode 5 
reach the mosaic electrode 6 with little or no 
Velocity. Elemental areas of the mosaic electrode 
6 Which are positive by reason of high velocity 75 
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2,218,178 
photoelectrons from the image cathode 4 having 
impinged thereon and releasing secondary elec 
trons are neutralized by the electrons from the 
scanning, cathode 5, whereas electrons directed 
toward elemental areas of the mosaic electrode 
which are not charged positively do not fall on 
these elemental areas but return to the electrode 
8 or the scanning cathode 5 where they are col 
lected. By the choice of suitable operating poten 
tials of a low value between the scanning cathode 
5 and the mosaic electrode 6 it is possible to ob 
tain neutralization of the charges constituting 
the electrostatic image on the elemental areas 
of the mosaic electrode without material libera 
tion of secondary electrons from the scanned 
side of the mosaic electrode. Even if a small 
quantity of secondary electrons results from the 
low velocity scanning the magnetic focusing field. 
produced by the magnetic coil 9 prevents their 
distribution over the surface of the mosaic elec 
trode. As a consequence distortion of the elec 
trostatic image held on the mosaic electrode is 
prevented. 
A preferred embodiment of my invention, such 

5 as shown in Fig. 2, combines the advantages of 
my invention in a single envelope rather than in 
two tubes as shown in Fig. 1. The tube shown 
in Fig. 2 comprises an evacuated envelope 20, one 
portion of which is cylindrical in shape, one end 
being closed by an optically uniform transparent 
window 2 having on its inner Surface a semi 
transparent photoelectrically sensitive surface to 
form the image cathode 4, the opposite end being 
terminated with a frusto-conical Section and a 
neck section enclosing a conventional cathode 
ray electron gun. 22. The other part of the 
structure and electrical connections are the Same 
and are similarly referenced as in Fig. 1. Be 
tween the frusto-conical section of the envelope 
29. I provide the photoelectrically sensitive scan 
ning cathode 5 facing the mosaic electrode 6 and 
formed on one side of a transparent base 23, Such 
as mica, the opposite side bearing the luminescent 
screen 3. The operation of the tube shown in 
Fig. 2 is similar to that described in connection 
with Fig. 1, the only difference being that a single 
envelope houses both the mosaic electrode, its 
attendant structure, and the parts of the conven 
tional cathode ray tube shown in Fig. 1. 
A further embodiment of my invention, Such as 

shown in Fig. 3, comprises an evacuated envelope 
30 of cylindrical form with an elongated neck 
section 3 near one end of the envelope, the lon 
gitudinal axis of the neck section being disposed 
at an angle with respect to the longitudinal axis 
of the cylindrical section. The mosaic electrode 
6, wire mesh accelerating electrodes 7 and 8, pho 
toelectrically sensitive image cathode 4, and elec 
tron focusing coil 9 are similar to those shown in 
Figs. 1 and 2 and are similarly disposed With re 
spect to each other. At the end of the cylin 
drical section opposite that bearing the image 
cathode 4, I provide an electron emitter or target 
electrode 32, preferably of a material having a 
high secondary to primary electron emission 
characteristic, so positioned as to be parallel with 
the mosaic electrode 6 and to be scanned by an 
electron beam generated by a conventional elec 
tron gun 33 in the neck section 3. The target 
electrode 32 may comprise a sheet of silver which 
has been oxidized and exposed to caesium vapor, 
Such a target having the desired Secondary elec 
tron emission characteristics. 

In the operation of my new and improved tube 
as shown in Fig. 3 an electrostatic image of the 

3 
optical image to be transmitted is formed on the 
mosaic electrode 6 in a manner similar to that 
described in connection with Fig. 1. The elec 
trode 32 is scanned by a high velocity electron 
beam, generated and focused on the electrode 32 
by the gun Structure 33. Under electron bom 
bardment the electrode 32 emits secondary elec 
trons which are accelerated toward the mosaic 
electrode 6 by the accelerating electrode 8 and 
focused upon the mosaic in the form of an elec 
tron pattern corresponding to the scanning pat 
tern on the electrode 32 by the focusing coil 9. 

Positive potentials are applied to the target 
electrode 32 and the wire mesh accelerating elec 
trode 8 with respect to the foundation of the 
mosaic electrode 6 and are so adjusted that the 
secondary electrons released by the impinging 
electron beam on the target electrode are acceler 
ated toward and focused upon the mosaic elec 
trode by the focusing coil 9, so that they reach 
the mosaic electrode with a low velocity, prefer 
ably at a velocity insufficient to liberate second 
ary electrons from the surface of the mosaic elec 
trode. . The electrostatic image formed on the 
mosaic electrode 6 by the photoelectrons from 
the image cathode 4 under the influence of a light 
image, such as represented by the arrow. 0, is 
neutralized by the secondary electrons liberated 
from the target electrode 32, electrons which are 
directed toward elemental areas retaining a posi 
tive charge being collected by the elemental areas 
and electrons directed toward elemental areas 
having no positive charge thereon being returned 
to the wire mesh electrode 8 or the target 32. 

In each of the three modifications of my in 
wention which have been described above, the 
focusing coil 9, focuses the scanning electrons 
onto the mosaic electrode 6 in a pattern which 
is similar to the pattern formed by the high ve 
locity beam from the electron gun. It is there 
fore evident that the elemental areas of the mo 
Saic electrode which retain the electrostatic 
charges making up the electrostatic image may 
be Scanned in a definite sequence, inasmuch as 
the focusing coil 9 produces a magnetic field 
which gives the same distribution of electrons on 
the mosaic electrode 6 as emanating from the 
Scanning cathode 5 or the emitter or target elec 
trode 32. The electroStatic image on the mosaic 
electrode may, therefore, be systematically neu 
tralized point by point by the low velocity elec 
trons without introducing in capacitive relation 
With respect to the mosaic electrode an electrode 
which would be effective in shunting the signal 
ling energy produced by the scansion of the mo 
saic electrode. 
From the foregoing description it will be ap 

parent that various other modifications may be 
made in my invention without departing from 
the Spirit and scope thereof and I desire, there 
fore, than only such limitations shall be placed 
thereon as are necessitated by the prior art and 
Set forth in the appended claims. 

I claim: 
1. A television transmitting tube comprising an 

evacuated envelope enclosing a double-sided mo 
saic electrode including an electrically insulated 
base and a plurality of mutually insulated metal 
lic elements extending through said base, a 
photo-electrically sensitive cathode having an 
extended surface parallel to and spaced by a 
distance of at least one inch from said mosaic 
electrode to render the capacity between said 
Cathode and said mosaic electrode negligible, 
means including a second photo-electrically sen 
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4. 
Sitive cathode similarly positioned on the oppo 
site side of said mosaic electrode from said first 
Imentioned cathode to produce on said mosaic 
electrode an electrostatic image consisting of 
positive charges representative of the light and 
Shade alreas of an optical image, means to Scan 
Said first-mentioned cathode with a flying spot 
of light to liberate a stream of electrons from the 
Scannad portion of Said cathode, means between 
Said first-nentioned cathode and said mosaic 
electrode to project on said mosaic electrode the 
stream of electrons at a velocity lower than that 
required to liberate secondary electrons in ex 
cess of the number of electrons of the Stream, 
to neutralize the electrostatic image of positive 
charges on said mosaic electrode and magnetic 
neans to generate a magnetic field having lines 
of fol'ce perpendicular to both of said cathodes 
and said mosaic electrode to direct electrons lib 
erated from areas on each of the said photo 
cathodes to correspondingly positioned areas on 
said mosaic electrode. 

2. A television transmitting tube comprising 
an evacuated envelope enclosing a double-sided 
mosaic electrode including a plurality of mutu 
ally separated and electrically insulated ele 
ments, an emitter electrode adapted to liberate 
secondary electrons when bombarded by a cath 
ode lay beam, said emitter electrode having an 
extended surface parallel to and Spaced from 
said mosaic electrode to render the electrostatic 
capacity between said emitter and said mosaic 
sectrode negligible, means comprising an anode 
between said emitter and said mosaic electrode 
to project the secondary electrons upon Said mo 
saic electrode at a velocity lower than that re 
quired to liberate additional secondary electrons 
in excess of the number of Secondary electrons 
liberated from said emitter, means including a 
photo-electrically sensitive electron emitting 
cathode having an extended Surface parallel to 
and spaced apart from said mosaic electrode, and 

2,218,173 
on the side thereof opposite said emitter to form 
an electrostatic image on Said mosaic electrode, 
means to project a cathode ray beam on said 
emitter, means to scan said beam over said emit 
ter in two mutually perpendicular directions to 
liberate a stream of secondary electrons from 
the place on said emitter bombarded by the 
Scanned bean and a single magnetic coil Sur 
rounding said envelope and extending over the 
entire space between and slightly beyond Said 
anode and said photocathode to focus the sec 
ondary electron stream from said emitter elec 
trode upon Said mosaic electrode and an electron 
image from said cathode on Said mosaic elec 
trode. 

3. A television transmitting tube including an 
evacuated envelope, a double-sided mosaic elec 
trode having an electrically conductive founda 
tion and a plurality of metallic elements extend 
ing through said foundation and electrically in 
Sulated from each other and from said founda 
tion, a photo-electically sensitive cathode facing 
one side of and parallel with said mosaic elec 
trode to liberate electrons as an electron image 
and form on said mosaic electrode an electrostatic 
image of an optical image on said cathode and 
a second photo-electrically sensitive Cathode fac 
ing the opposite side, parallel to and spaced from 
Said mosaic electrode by a distance of at least 
one inch to lender the capacity between said 
Cathode and said mosaic electrode negligible, 
means for Scanning said cathode with a moving 
spot of light to liberate a stream of electrons 
from said cathode at the place illuminated by 
said spot of light and a single magnetic focusing 
coil extending over the entire Space between said 
cathodes to focus the electron image from said 
first-mentioned cathode and the electron stream 
liberated from said second cathode on to said 
mosaic electrode. 

ALBEERT ROSE. 

5 

O 

15 

20 

25 

30 

35 

40 
  


