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My invention relates to light-sensitive elec 
tronic devices and particularly to electron beam 
devices for transmitting or amplifying pictures. 
At the present time there are two well known 

types of so-called Cathode ray transmitter tubes 
which may be utilized for television transmission. 
In one type of the tube there is an anode or 
plate screen comprising a mosaic of light sensi 
tive elements which are Scanned by a Cathode 
ray or electron beam of small diameter to de 
velop picture signals. In the other type of tube 
there is a cathode of extended area, comprising 

O 

a mosaic of light sensitive elements whereby a 
cathode ray or beam of the diameter of the 
picture is produced, the intensity of the beam 
varying from point to point in accordance with 
the shading of the picture. 
caused to Scan a small anode element to de 
velop picture signals. 
In both tubes of the above-mentioned types, 

the final limit to the sensitivity is definitely set 
by the energy of the light image obtained as the 
input. There is no possibility of amplifying the 
picture image before it is Scanned. 

It is, accordingly, an object of my invention 
to provide an improved method of and means 
for amplifying a picture image without scan 
ning it. 
A further object of my invention is to provide 

an improved method of and means for increas 
ing the ratio of signal to noise in picture trans 
mission. 
A further object of my invention, is to pro 

vide a method of and means for utilizing the 
Storage effect of a light-sensitive mosaic for 
controlling the intensity of a picture image. 
In practicing my invention, I provide a mosaic 

of light-sensitive elements which is located be 
tween a Cathode of extended area, and some ele 
ment such as a fluorescent screen, an anode of 4 
Small diameter, a second light sensitive mosaic, 
Or the like. This first mentioned mosaic func 
tions as a control grid for the electrons supplied 
by the cathode, the degree of control at a par 
ticular region in the electron beam depending 
upon the potential of the mosaic light sensitive 
element in that region. By projecting a light 
image upon this, mosaic, the light Sensitive ele 
ments acquire potentials in accordance with 
conditions of light and shade of the light image 
whereby, in the electron beam and in a plane 
at right angles to the axis of the beam, there is 
an amplified electron image. 
Because the light sensitive elements of the 

control mosaic are insulated from each other 
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and from the supporting screen, it is impossible 
to apply a potential to them by means of a direct 
current connection. It overcome this difficulty 
by applying voltage impulses to the mosaic pe 
riodically whereby a positive potential is applied 
to the light sensitive elements through the ca 
pacity between them and the screen. This 
causes the light sensitive elements to collect elec 
trons whereby the said elements are at the prop 
er potential at the end of the positive impulse. 
As previously indicated, various devices and 

circuits may be designated to utilize the gen 
eral ideas outlined above. If it is desired to 
construct a transmitter tube, instead of follow 
ing the Second of the above designs, one may 
employ a design which includes a 'double-sided’ 
mosaic SO positioned as to be Scanned by a cath 
ode ray of Small diameter. If it is desired to 
construct an image amplifier, a fluorescent 
screen is provided which is bombarded by the 
electron beam having the electrical image there 
on, and there is no scanning action. 
Other objects, features, and advantages of my 

invention will appear from the following de 
Scription taken in connection with the accom 
panying drawings in which 

Fig. 1 is a view illustrating an image ampli 
fier constructed in accordance with one embodi 
ment of my invention; 

FigS. 2 and 3 are views illustrating cathode 
ray transmitter tubes constructed in accordance 
with two different embodiments of my inven 
tion; and 

Fig. 4 is a curve which is referred to in ex 
plaining the invention. 

Referring to Fig. 1, the image amplifier com 
prises an evacuated tubular glass or other suit 
able envelope which has therein a uni-poten 
tial cathode 2 of extended area, the cathode be 
ing heated by a suitable heater coil indicated 
at 3. At the other end of the envelope there 
is a metallic ring 4 which preferably is in the 
form of a silver coating on the inside of the en 
velope , which is maintained at a high positive 
potential with respect to ground by any suit 
able means, such as a battery 6. On the end 
of the envelope there is a fluorescent screen 7. 
Some suitable means, such as a focusing coil 

8, is provided for focusing the electrons which 
leave the cathode 2 upon the fluorescent screen 
7. It will be understood that with this arrange 
ment, if the cathode 2 is in the shape of a disc, 
a disc of light of the same diameter as the cath 
Ode 2 will appear on the fluorescent screen 7 
since the cathode and the ring 4 are maintained 



h 

2 
at a high difference of potential, the cathode be 
ing connected to ground. 
A grid-like mosaic 9 of discontinuous photo 

electric or light-sensitive elements is positioned 
between the cathode 2 and the fluorescent Screen 
7. The mosaic 9 may be constructed in various 
ways, but a preferred Way is to employ a fine 
mesh. Screen of nickel Wire or the like indicated 
at 0, which is enameled as indicated at 5. 
By way of example, it may be mentioned that a 
screen of 200 mesh, that is 200 wires to the inch, 
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With the spacing between wires equal to or 
greater than the diameter of the Wire, Will be 
found satisfactory. The enameled wire screen 
should be fine enough mesh. So that there are 
Several meshes per picture element. This en 
ameled Screen is coated With a thin discontinu 
ous photo-electric Surface (not shown) such 
that each elementary area is insulated from all 
Others. 
acter may be formed of caesium in the manner 
described and claimed in application Serial No. 
594,779, filed February 24, 1932, in the name of 
Sanford E. Essig and assigned to the Radio Cor 
portion of America. It will be understood that 

A photo-electric Surface of this chair- ; 

this photo-electric Surface does not close the 
openings of the Screen and that the finished 
mosaic is of grid-like structure, whereby elec 
trons may pass therethrough to bombard the 
fluorescent screen 1. 
The Wire Screen of the mosaic 9 is maintained 

at a negative potential With respect to ground 
by means of a battery or the like which has 
its negative terminal connected to the wire screen 
through a resistor f2. 

It will be understood that the photo-electric 
elements themselves are insulated from the wire 
Screen 0 and that, as a result, it is impossible to 
maintain them at a particular biasing potential 
by means of a direct current connection. For 
this reason, an impulse generator 3 is provided 
for Supplying impulses to the wire screen 0 pe 
riodically, Whereby positive impulses are produced 
on the photo-electric elements through the ca 
pacity between them and the wire screen. The 
reason for this Will be better understood from 
the description which follows. 

In order to explain the Operation of my image 
amplifier, it will be assumed that the photo-elec 
tric surface on the enamel of the Screen 0 is 
the same voltage as the screen wire and that the 
Wire is negative. If the Cathode 2 is heated to 
an electron emitting condition, the electrons 
emitted from the cathode are drawn through the 
negative meshes of the mosaic 9 by the positive 
ring 4 and an image of the mosaic appears on 
the fluorescent screen 7. If the negative poten 
tial of the mosaic 9 is large enough, the current 
reaching the fluorescent screen 7 Will be small 
and the image of the mosaic 9 very Weak. Also, 
the photo-electric Surface of the mosaic Will not 
collect any electrons since it is negative. 

It will now be assumed that a light image of 
an object indicated at 6 is projected upon the 
mosaic 9 by means of a suitable optical system 
indicated at 7. Each photo-electric element of 
the mosaic 9: Will emit electrons at a rate de 
pending upon the amount of light at that point 
of the picture. These electrons will flow either 
to the cathode 2 or to the highly positive silver 
ring 4. Each photo-electric element on the no 
saic 9, therefore, will become charged less neg 
ative (more positive), with respect to the cath 
ode 2 and at a rate proportional to the light inten 
sity thereon. Thus, a light image will appear 
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on the fluorescent screen 7 similar to the light 
image originally focused on the mosaic 9, and 
it will increase in brilliancy with time, up to a 
certain limit. 

Before the photo-electric elements of the no 
Saic 9 have become less negative enough to col 
lect current, or at a time limited by other fac 
tors such as a flicker of the picture on the fluo 
rescent screen 7, a positive impulse from gen 
erator f3 is impressed upon the wire screen 0. 
The photo-electric Surface, which is also SWung 
positive because of the capacity coupling to the 
Wire, Collects electrons rapidly from the cathode 
2. These electrons cause the photo-electric sur 

; face to become less positive than the wire 10 and 
when the impulse changes to one of negative 
polarity, the photo-electric surface is negative 
and ready to be charged again by the light im 
age. 
The character of the impulses applied to the 

mosaic 9 Will be understood by referring to Fig. 
4. In this figure the time axis is also the alter 
nating current axis for the curve. It will be 
understood that if rectangular impulses supplied 
from a multivibrator or any other suitable im 
pulse generating device are passed through a 
condenser, such as the condenser 8 shown in 
Fig. 1, the impulses will have an alternating cur 
rent axis which has a position such that the area 
of the curve on the positive side of the axis is 
equal to the area of the curve on the negative 
Side of the axis. 

It will be apparent that the sensitivity of the 
inage amplifier described above depends upon the 
size of the capacity of each photo-electric ele 
ment to the screen wire O. However, if this 
capacity is too small, the leakage between the 
Wire and the elements or from element to ele 
ment may limit the charging time available. As 
to the magnitude of the positive voltage impulse 
applied to the screen 0, it should be great 
enough to cause the mosaic elements to collect 
electrons as described but not great enough to 
make the control mosaic so negative that elec 
trons from the cathode will not reach the fluo 
IeSCent Screen. 

It Will be evident that the mosaic 9 functions 
as a control grid whereby the storage effect of 
the mosaic is utilized for controlling the intensity 
of the image appearing on the fluorescent 
screen 7. 
While a cathode of extended area has been 

illustrated, it should be understood that any other 
suitable Structure may be employed for obtain 
ing a source of electrons of extended area. For 
example, the cathode may be of small area and 
the electrons sprayed at low velocity through a 
Wide angle towards the control mosaic. t 
In Fig. 2 of the drawings I have shown my 

invention applied to a cathode ray transmitter 
tube of the second type mentioned above. In 
Figs. 1 and 2 like parts are indicated by the same 
reference numerals. The construction of the 
two devices is the same except that in the device 
shown in Fig. 2 a shielding plate 2? and a small 
anode or target 22 have been substituted for the 
Silver ring 4 and fluorescent screen 7 shown in 
Fig. 1. Also vertical deflecting coils 23 and hori 
Zontal deflecting coils 24 have been provided for 
causing the electron beam to scan the small 
Opening 26 in the piate 2 whereby picture sig 
nals appear across an output resistor 27 con 
nected between the target and the shielding plate. 
In the Specific embodiment illustrated in Fig. 

2, the positive impulses which are impressed 
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across the vertical deflecting coils 23 to produce 
a saw-tooth deflecting current are also impressed 
across the resistor 2 whereby the photo-electric 
elements of the mosaic 9 are periodically, driven 
positive to cause them to collect electrons as 
previously described. 

If preferred, the positive impulses which are 
impressed across the horizontal deflecting coils 
24 at a much higher frequency than the rate of 
vertical deflection may be impressed across the 
resistor 2 instead of the lower frequency ver tical deflecting impulses. 

It will be seen that in this transmitter tube 
the electrical image is amplified by the action 
of the mosaic 9 before the target 22 is scanned 
to produce picture signals. 

In Fig. 3 my invention is shown applied to the 
first mentioned type of transmitter tube. This 
transmitter tube comprises an evacuated enve 
lope 3 which contains at one end a cathode 32 
and a mosaic 33 Such as described in connection 
with the preceding figures. The Wire Screen of 
the mosaic, 33 is maintained at a negative po 
tential with respect to the cathode 32 by means 
of a battery 34 which has its negative terminal 
connected to the screen through a resistor 36. 
A focusing device of Some kind, Such as focusing 
coil 37, is provided for focusing the electrical 
image on a double-sided mosaic 38 which will 
be described hereinafter. 
The other end of the envelope 3 is provided 

with an electron gun comprising an indirectly 
heated cathode 39, a control electrode 4 and a 
first anode 42. A second anode 43 is provided 
which functions to accelerate the electrons and 
to focus then electrostatically to a bean of Very 
Small diameter at the surface of the double-sided 
mosaic 38. The second anode 43 is connected 
to ground and the cathode 39 is maintained at 
a high negative potential with respect to ground 
by means of a suitable Source of potential such 
as a battery 44. The first anode 42 is connected 
to a point on the battery 44 whereby it is main 
tained positive with respect to the cathode. The 
control electrode 4 is maintained negative a cer 
tain amount with respect to the cathode by means 
of a suitable biasing source such as a battery 46. 

Vertical deflecting coils 4 and horizontal de 
flecting coils 48 are provided for causing the 
cathode ray to scan one side of the double-sided 
mosaic 38. 

Positive voltage impulses are supplied to the 
vertical deflecting coils 47 from a suitable in 
pulse generator indicated at 49 to cause a flow 
of saw-tooth current through them. These same 
impulses preferably are impressed across the re 
sistor 36 for the purpose of driving the photo 
electric elements of the mosaic 33 positive peri 
odically for the purpose previously described. 
The double-sided mosaic 38 may be of the Same 

type which formerly has been employed in a 
device where a light image is projected upon 
one side of the mosaic and a cathode ray is 
caused to scan the other side of the mosaic to 
develop picture signals. Such a mosaic may 
comprise a fine mesh screen 5 of nickel wire 
or the like which is enameled and which has 
the screen openings filled with tiny plugs 52 of 
metallic silver. The Silver plugs may be treated 
for high secondary emission as by means of a 
coating of caesium on the side facing the Con 
trol mosaic 33. Such a double-sided mosaic may 
be constructed in any suitable manner aS by 
coating the enameled Screen with a paste of 
material which can be reduced to metallic silver. 
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The Wire Screen 5 of the mosaic 38 is con 

nected through an output resistor 53 to ground. 
A fine mesh wire Screen 54 is placed adjacent 
to the treated side of the mosaic 38 and main 
tained at a positive potential with respect there 
to by means of a battery 56 for the purpose of 
collecting secondary electrons. 
In operation, an electron image corresponding 

to the light image of the subject 6 to be trans 
mitted is formed in the manner previously de 
Scribed. The electron beam from the cathode 
32, which beam represents the electrical image, 
bombards the silver plugs 52 of the mosaic. 38 
Whereby they emit secondary electrons which 

- are collected by the screen 54. The number of 
secondary electrons emitted from a silver plug 
52 depends upon the intensity of the bombarding 
beam at that point, and the potential acquired 
by this silver plug depends upon the number of 
secondary electrons emitted by it. Thus it will 
be seen that the elements of the double-sided 
mosaic 38 acquire varying potentials in accord 
ance with conditions of light and shade of the 
subject to be transmitted whereby there is an 
electrical image on the mosaic 38. As a result, 
When the mosaic is scanned by the cathode ray, 
picture signals appear across the output re 
sistor 53. 

Here again it will be noted that the picture 
image is amplified by the action of the control 
mosaic before there is any scanning action for 
the production of picture signals. 

It will be apparent from the foregoing de 
Scription that various other modifications may 

5. be made in my invention without departing from 
the Spirit and scope thereof and I desire, there 
fore, that only such limitations shall be imposed 
thereon as are necessitated by the prior art and 
are set forth in the appended claims. 
I claim as my invention: 
1. An electric discharge tube comprising an 

evacuated envelope having therein a source of 
electrons of extended area, electrical image uti 
lizing means comprising an element positioned 
to receive said electrons, and a mosaic of photo 
electric elements electrically insulated from each 
other and positioned between said cathode and 
said element, said mosaic being of grid-like struc 
ture whereby electrons may pass therethrough 
from Said cathode to said element, and means 
for applying a positive impulse to said mosaic 
periodically. 

2. An electric discharge tube comprising an 
evacuated envelope having therein a source of 
electrons of extended area, a fluorescent screen, 
and a mosaic of discontinuous photo-electric 
elements positioned between said cathode and 
said Screen, said mosaic being of grid-like struc 
ture whereby electrons may pass therethrough 
from said cathode to Said screen, and means for 
applying a positive impulse to said mosaic 
periodically. 

3. An electric discharge tube comprising an 
evacuated envelope having therein a source of 
electrons of extended area, a target electrode 
of Small area compared with said cathode area, 
a mosaic of discontinuous photo-electric ele 
ments positioned between said cathode and said 
target, Said mosaic being of grid-like structure 
whereby electrons may pass therethrough from 
said cathode to said target, means for focusing 
the electrons leaving said cathode, means for 
Scanning said target with said beam, and means 
for applying a positive impulse to said mosaic periodically. 



4. An electric discharge tube comprising an 
evacuated envelope having therein a source of 
electrons of extended area, a screen electrode 
having an opening therein, a mosaic of discon 
tinuous photo-electric elements positioned be 
tween said cathode and said screen electrode, 
said mosaic being of grid-like structure whereby 
electrons may pass therethrough from said cath 
ode to said screen, means for focusing the elec 
trons leaving said cathode, means for scanning 
said opening with said beam, and means for 
applying a positive impulse to said mosaic peri 
odically. 

5. An electric discharge tube comprising an 
evacuated envelope having therein a source of 
electrons of extended area, a screen electrode 
having an opening therein, a mosaic of discon 
tinuous photo-electric elements positioned be 
tween said cathode and said screen electrode, 
said mosaic being of grid-like structure whereby 
electrons may pass therethrough from Said cath 
ode to said screen, means for focusing the elec 
trons leaving said cathode, means for scanning 
said opening with said beam, and means for 
applying a positive impulse to said mosaic at 
the end of each scanning period. 

6. An electric discharge tube comprising an 
evacuated envelope having therein a source of 
electrons of extended area, a mosaic of con 
ducting elements which are insulated from each 
other and from their supporting structure, said 
elements extending from one side of the mosaic 
to the other to form a double-sided mosaic, the 
side of each of said elements facing said cath 
ode having a surface such that it emits second 
ary electrons when bombarded by primary elec 
trons, a mosaic of discontinuous photo-electric 
elements positioned between said cathode and 
said double-sided mosaic, said mosaic being of 
grid-like structure whereby electrons may pass 
therethrough from Said Cathode to said double 
sided mosaic, means for Scanning the side of 
said double-sided mosaic which is facing away 
from said cathode with a cathode ray of small 
diameter to develop picture signals, and means 
for applying a positive impulse to said mosaic 
periodically. 

7. An electric discharge tube conprising an 
evacuated envelope having therein a source of 
electrons of extended area, a mosaic of conduct 
ing elements which are insulated from each other 
and from their supporting structure, said ele 
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ments extending from one side of the mosaic to 
the other to form a double-sided mosaic, the 
side of each of said elements facing said cathode 
having a surface such that it emits secondary 
electrons when bombarded by primary electrons, 
a mosaic of discontinuous photo-electric ele 
ments positioned between said cathode and said 
double-sided mosaic, said.mosaic being of grid 
like structure whereby electrons may pass there 
through from said cathode to said double-sided 
mosaic, means for scanning the side of said 
double-sided mosaic which is facing away from 
said cathode with a cathode ray of small di 
ameter to develop picture signals, and means 
for applying a positive impulse to said mosaic at 
the end of each scanning period. 

8. In combination, an electric discharge tube 
comprising an evacuated envelope having therein 
a cathode of extended area, means for heating 
said cathode to cause it to emit electrons simul 
taneously from substantially all points in said 
area, electrical image utilizing means compris 
ing an element positioned to receive said elec 
trons, a mosaic of photo-electric elements elec 
trically insulated from each other and positioned 
between said cathode and said element, said 
mosaic being of grid-like structure whereby elec 
trons may pass therethrough from said cathode 
to Said element, means for projecting an optical 
image upon said mosaic, means for focusing the 
electrons leaving said cathode, and additional 
means for applying a positive electrical impulse 
to said mosaic periodically. 

9. In combination, an electric discharge tube 
comprising an evacuated envelope having therein 
a cathode of extended area, means for causing 
said cathode to emit electrons simultaneously 
from substantially all points in said area, elec 
trical image utilizing means comprising an ele 
ment positioned to receive said electrons, a mo 
saic of photo-electric elements electrically insu 
lated from each other and positioned between 
said Cathode and Said element, said mosaic be 
ing of grid-like structure whereby said electrons 

5 may pass therethrough from said cathode to said 
element, means for moving said electrons against 
said element with high velocity, means for focus 
ing said electrons, means for projecting an opti 
cal image upon said mosaic, and additional 
means for applying a positive electrical impulse 
to said mosaic periodically. : 

ARTHUR. W. VANCE. 


