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Patented Nov. 18, 1952 2,618,758 

UNITED STATES PATENT OFFICE 

Application July 27, 1948, Seria No. 40,852 
( 62??-313 CH) 8. Claims. 

This invention relates to television apparatus 
and more particularly concerns a new and in 
proved electronic camera, tube sensitive to light 
images and adapted to transform them into video 
signals for transmission to a suitable receiver and 
reproducer. 

One object of this invention is a new and 
improved camera, tube of the character Set forth 
having improved sensitivity and stability over a 
Wide range of light levels. 
Another object of the invention is a camera, 

tube of the character set forth having increased 
photoelectric efficiency and improved definition. 

Still another object of the invention is a new 
and improved camera tube having improved defi 
nition and resolution at both low and high light 
levels wherein electronic blurring of the image 
during the scanning periods is virtually elimi 
nated. 

Still another object is a new and improved 
television pick-up tube. 
These and other objects will become more ap 

parent in the following description and accom 
panying drawings forning part of this applica 
tion. 

In the drawings 
Fig. 1 illustrates one enabodiment of my inven 

tion together with a circuit diagram for the op 
eration thereof; 

Fig. 2 is an alternate embodiment of my inven 
tion; and 

Fig. 3 is an enlarged portion of the target of 
Figs. and 2. 
In television, as in photography, it is highly 

desirable to have the objects adequately lighted 
so that all the details of the Scene or object can 
be recorded and this can be generally attained 
in studios provided with controlled artificial light 
sources. In television, however, the televising of 
sporting events and the like presents a more seri 
ous problem because natural light must be de 
pended upon and conventional television pickup 
tubes to my knowledge are not sufficiently ver 
satile and do not perform uniformly over a wide 
range of conditions. For instance, one type of 
pickup tube is particularly adapted for use at 
high light levels but has limited sensitivity and 
is therefore unsatisfactory for the lower levels. 
On the other hand, another type of tube having 
a high degree of sensitivity and stability at low 
light levels is somewhat unstable at higher light 
leWelS. 
My invention, therefore, contemplates a camera, 

tube that will overcome these shortcomings of 
conventional devices and is characterized by a 
fairly high degree of Stability over a wide range 
of light levels coupled With Sensitivity to the low 
light levels. 
For the purpose of illustrating the principle 
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Of my invention I have shown in Fig. 1 one en 
bodiment thereof wherein the target member is 
provided with a light sensitive surface on one 
side and a Suitable electron emissive surface on 
the other, with the light sensitive surface adapted 
to be exposed directly to the light emanating 
from the object to be televised. 
In this embodiment, 0 represents a substan 

tially cylindrical tube of glass or other suitable 
transparent material for housing the elements 
of the camera tube. For the purpose of simplify 
ing this illustration this tube has been shown 
Somewhat diagrammatically. At the left end of 
the tube as illustrated in Fig. 1 is a filament 2 
Surrounded by the conventional cathode 4 and 
a control element 5 having an orifice 5' there 
in through which the electron beam 8, produced 
by the filament, emerges. Surrounding the con 
trol element i 5 is an electron multiplier 20 dia 
grammatically illustrated by three sets of diago 
nal lines representing the several stages and ter 
minating at the back end in a plate 22 which 
collects the electrons and forms the signal output 
electrode for the tube. 
A metal plate 24 encircling the front or right 

hand end of the control element 5 serves to re 
ceive electrons which are reflected to the back 
end of the tube during the scanning process 
and deflect them into the electron multiplier 29. 
These electrons form the video signal and when 
amplified by the multiplier 20 are collected by 
the plate 22 and conducted to the first video am 
plifier to be hereinafter described. 
In the forward end of the cylindrical tube () 

is a target plate 26 which may be supported 
transversely of the tube by any suitable means 
Such as an annular flange 28 securely fastened 
to the tube wall le. This plate is formed of a 
material having a high resistivity and dielectric 
strength so that conduction through the plate 
as well as Over the surface thereof is for all prac 
tical purposes substantially avoided. 

In this particular form of the invention the 
front or righthand side of this dielectric plate 26 
is coated with a photosensitive material such as 
a caesiated silver globule 30 (see Fig. 3) adapted 
to receive a light image and produce a corre 
Sponding electron image. Since this silver glo 
bule Surface or mosaic actually comprises a great 
number of Small, closely spaced and highly in 
Sulated islands, a charge pattern when formed 
thereon will remain and little or no tendency 
for equalization will be exhibited due to surface 
conduction at least during a scanning period. 
AS a result, materially improved image resolu 
tiom and definition are obtained. 
On the other Side of the target 26 I propose to 

employ a Suitable electron emissive surface 32 
also having a plurality of small individually in 
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sulated particles or globules. In this instance the 
surface need not be photosensitive although a 
photosensitive surface would be satisfactory. 
Image equalization through surface conduction is 
in this instance also virtually eliminated. This 
surface may of course also be formed of caesiated 
silver globules in the same manner as the Surface 
30. Between the photoelectric surface 30 on the 
target 26 and the closed end O' of the tube fo is 
a cylindrical element or electrode 34 Which dur 
ing the operation of the tube is usually main 
tained at a relatively high positive potential. 
This element operates to attract electrons liber 
ated from the surface 30 during the operation of 
the tube so as to insure maximum photoelectric 
efficiency for that surface. 

Just to the left of the target 26 is a Second 
anode or collecting ring 36 which serves to at 
tract liberated electrons from the target Surface 
32 upon the production of a charge through ca 
pacitive coupling between it and the surface 3i. 
At the filament end of the tube is a third ring 
3 adapted to shield the electron bean leaving 
the aperture 5, and the wall of the tube be 
tween the rings 36 and 3 is provided With a 
suitable metallic coating 38. 

Surrounding the tube wall 0 are the allinement 
coil 40, the deflection coil 42 and the focusing 
coil A4 which operate to control and focus the 
beam in the Scanning process. 
these beam controlling coils is Well known and a 
detailed description of their operation and a SSO 
ciated circuits is believed unnecessary. 
In the operation of the tube a light pattern 

from the object being televised passes through 
the transparent tube face which is preferably 
of uniform thickness and may have a slight Con 
vex curvature for the purpose of WithStanding the 
vacuum within the tube it. This light image 
upon striking the Surface 3 produces a charge 
pattern thereoin with those areas being brightly 
lighted producing a positive charge, and those 
areas which are not brightly lighted forming a 
lesser positive charge. . In the creation of this 
charge pattern on the surface 36, electrons are 
liberated and by reason of the high positive 
charge on the collector ring 34 certain of them 
Will be attracted thereto. With the foration of 
this charge on the surface 3, a corresponding 
charge pattern of opposite sign Will be produced 
on the electron emissive surface 32. 
The electron beam 8 produced by the filament 

2 when in the heated condition paSSes through 
the aperture 5’ in the control element 5 and 
upon being allined by the alinement coil 49 is fo 
cused so as to produce a Small Spot at the point 
where it strikes the surface 32 on the target 26. 
The defection coils A2 are Operated to move the 
beam both horizontally and vertically over the 
screen so as to uniformly Scan the entire Sur 
face thereof. As the electron bean paSSes Over 
the surface 32 those areas having a charge Which 
is positive with respect to the electron beam Will 
tend to absorb more or less of the electrons fron 
the beam, while those areas which are charged 
negatively with respect to the beam will tend 
to repel all the electrons in the beam. 

Certain of the electrons travel back Wardly 
through the tube and strike the circular plate 24 
immediately surrounding the righth and edge of 
the control element 5 and are deflected by that 
control element into the electron multiplier 2. 
For each electron entering the multiplier 2 a. 
somewhat greater number of electrons are caused 
to fall on the plate 22, thereby amplifying the 

The operation of 
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action of the camera tube and securing an in 
creased or amplified signal for transmission to 
the video anplifier circuit to be described. 
As the bean Scans or passes over the Surface 

32 the Surface is neutralized. Because of the ca 
pacitive coupling between the Surfaces 32 and 30, 
the charge on the Surface 3 will also be neutral 
ized and thereby prepared for the next Successive 
image. In actual practice, however, light is 
caused to fall continuously on the photoelectric 
Surface 30 and neutralization of a particular spot 
On the Surface produced by the beam 8 exists 
for only the time the beam is directed on that 
Spot. 
The electronic circuit for this tube includes a 

battery 46 having the positive end thereof con 
nected by means of lead 47 to the collector ring 
34, and the negative end by means of leads 48 
and 49 to a ground 59. The metallic coating 38 
is also positively charged by a battery 5 con 
nected to a coating on one side by means of a lead 
52 and connected with ground 50 on the other 
Side by a lead 53. The collector ring 36 is shown 
aS connected to the ground by a lead 54. The 
Cathode 4 is maintained at ground potential by 
means of a lead 55 connected between the 
cathode and the lead 49. 
The electron multiplier circuit is of a high in 

pedance and consists of the lead 56 connecting 
the deflector ring surrounding the control anode 
i5 with a resistor 57, the other side of the re 
Sistor being connected to ground by means of the 
leads 58 and 55. Ihe plate circuit of the elec 
tron multiplier includes the piate 22, lead 59 and 
the battery 68 to ground by means of the leads 
6; and 49. In this way the plate is maintained 
at a fairly high positive potential to attract the 
electrons in the electron multiplier. 
The signal fron the tube is obtained from the 

lead 59 through a condenser 62 connected be 
tween the lead 59 and the grid (se of the first 
Video amplifier tube and the grid 63. A high re 
Sistance 64 is connected between the grid 63 and 
ground So as to maintain the grid substantially 
at ground potential under quiescent conditions of 
the amplifier tube. Ti The cathode circuit of the 
amplifier tube includes the cathode 65 and a bat 
tery 66 connected between the cathode and lead 
83. A condenser 67 coninected across the battery 
reduces the in pedance of the battery 66 to video 
frequencies. Since the cathode 95 is maintained 
at a positive potential with respect to the grid, 
the grid is in effect at a negative potential with 
respect to the Cathodie so as to obtain normali 
Operating action. . 
The Output circuit of the first video tube is not 

indicated as it is of conventional character and 
includes the plate S8 of the tube. 
With this new and improved cameira tube em 

bodying electron exissive surfaces of the chair 
acter Set forth, it is possible to obtain materially 
in proved sensitivity as well as stability over a 
Wide range of light levels. Moreover, improved 
regolution is also cbtained because of the so 
Called Storage facility of a screen composed of a 
plurality of individually insulated islandis adapted 
to be charged and retain that charge for a period 
ait least as long as that required for the electron 
beans to Coin pietely scan the screen. 3y reason 
of the fact that individual surfaces are provided 
for receiving the iiiage pattern and for inter 
cepting the electron beam 8 in the scanning 
proceSS, it is possible to obtain materiaiyim 
proved photoelectric efficiencies not heretofore 
obtainable to my knowledge when a single photo 
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electric surface is employed for these purposes. 
in Fig. 2 I have illustrated another ein bodi 

ment of rey invention. Foir sinplicity I have in 
dicated like elements in each of the figures by 
like numerals. The tubes operate in substantially 
the same character except for the differences now 
to be described and a detailed description of the 
operation and structure of certain parts of the 
tube will therefore be omitted. 
The cylindrical tube part is in this embodi 

ment extends beyond the target 26 a distance 
somewhat greater than in the embodiment shown 
in Fig. 1. The focusing coil 34 is extended to 
surround that portion of the tube between the 
front face 3' and the target 26. 

In this embodiment the inside of the front face 
S' of the tube carries a photoelectric surface it 
which may be a caesiated Silver layer of the 
character heretofore described in connection with 
the surface 39 in Fig. 1. The surfaces 30 and 32 
may also be provided with caesiated Silver glob 
ules or any other Suitable electron sensitive and 
emissive material adapted to be charged and 
retain that charge for a period of time of the 
order of a scanning cycle Without substantial 
Surface equalization. 

In the operation of the tube a light pattern is 
intercepted by a surface () which then produces 
a corresponding electron pattern. This electron 
pattern is transmitted to the Surface 33 under 
the control of Substantially uniforn. Inagnetic 
and electric fields and produces a corresponding 
charge pattern on that surface. Since the target 
plate 25 is a dielectric material having a high 
surface as well as transverse resistance, a charge 
pattern formed on the Surface 30 produces a cor 
responding charge of opposite phase on the Sur 
face 32. This second charge pattern is then 
Scanned by an electron bean in the Sane man 
ner as described in connection with Fig. 1. This 
form of the invention by reason of the use of 
electron emissive surfaces of the character Set 
forth also results in materially improved Sensi 
tivities and elimination of blur or distortion of 
the image because there is little or n0 tendency 
of the charge patterns to equalize themselves 
during a single scanning period. 
With my invention surface equalization of the 

charge pattern is materially reduced for time 
durations of approximately one scanning period 
and even longer. This as accomplished through 
the use of high resistivity glass and insulated 
mosaics of the character set forth and results 
in improved image definition. Moreover, with 
iny new and improved tube structure, improved 
sensitivity together with improved stability ovel 
a wide range of light levels can be attained. 

I claim: 
i. A television camera tube comprising a target 

having electron emissive layers On each side 
thereof each consisting of a multiplicity of mi 
nute insulated particles, one of Said layerS facing 
the object to be televised and responsive to pro 
duce a charge pattern corresponding to the light 
pattern produced by the object and the other of 
said layers capacitively receiving a charge pat 
tern corresponding to the first said charge pat 
tern and means including an electron beam for 
Scanning the other of Said layers. 

2. A television camera tube comprising a tar 
get of dielectric material having electron emis 
Sive layers on each side thereof with at least one 
of Said layers being photosensitive and each lay 
er consisting of a multiplicity of minute particles 
insulated one from the other, the photosensitive 
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layer facing the object to be televised and re 
Sponsive to produce a charge pattern thereon 
Corresponding to the light pattern, and the other 
of Said layers receiving a charge pattern from the 
first Said layer and means including an electron 
beam for Scanning the other of Said layers. 

3. A television camera, tube comprising a tar 
get of non-conductive material having a photo 
Sensitive mosaic on each side thereof, one side 
thereof being charged by a light pattern from 
the image being televised and the other side be 
ing Scanned by an electron beam to produce a 
Video signal for transmission to a receiver. 

4. A camera tube comprising a pair of closely 
Spaced capacity coupled electron emissive mo 
Saics, one of said mosaics having a charge pat 
tern formed thereon upon the receipt of a light 
pattern by the tube and the other mosaics re 
Sponsive to Said one mosaic to form a charge 
pattern thereon, and means for scanning said 
Other mosaic. 

5. A television camera tube comprising a tar 
get of non-conducting material having a caesiat 
ed silver globule mosaic on each side thereof, one 
Side thereof being charged by a light pattern 
from the image being televised and the other side 
being Scanned by an electron beam to produce a 
Video signal for transmission to a receiver. 

6. The combination with a camera tube hav. 
ing a photo cathode, of a target comprising two 
capacitively coupled electron emissive layers, one 
of Said layers facing the photo cathode to receive 
an electron image therefrom and the other of 
Said layers capacitively receiving the image from 
the first layer and adapted to be scanned to pro 
duce video signals. 

7. In a television camera tube the method of 
transforming light patterns into electrical sig 
inals, comprising forming an electron charge pat 
tern corresponding to the light pattern by means 
of a first layer, electromagnetically transferring 
the electron pattern to a second layer to form a 
charge pattern thereon, capacitively coupling a 
third layer directly to the second layer, forming 
a charge pattern on the third layer correspond 
ing to the charge pattern on the second layer and 
Scanning the third layer to produce the video 
Signal. 

8. In a television camera tube, a target com 
prising a sheet of dielectric material, a photo 
Sensitive layer on one side of the sheet facing the 
object to be televised, and an electron emissive 
layer on the other side, said layers each being 
formed of a plurality of individual globules in 
Sulated one from the other and capacitively 
coupled with the globules of the other layer, said 
photo-Sensitive layer receiving a charge pattern 
by exposure to light from the object and ca 
pacitively transferring said charge to the elec 
tron emissive layer. 

JOHN MI. CAGE. 
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