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tial which is somewhat greater than that of the 

10 Claims. 

This invention relates to electron optical de 
vices and more specifically to electron camera, 
tube arrangements for television, 
Many forms of electron camera tubes employ 

ing storage are known in the prior art, including 
Some incorporating a target member of the two 
sided mosaic type, that is, a target which is 
adapted to have radiations from an object ap 
plied to one side and a moving scanning beam 
of electrons applied to the other side. 

It is a principal object of the present inven 
tion to provide an arrangement including an im 
proved electron camera tube of the type incor 
porating a two-sided mosaic target. 
In accordance With the invention there is pro 

vided a television camera tube which, because 
of Suitable potentials applied to various electrodes 
therein, has at all times a saturated collecting 
field for photoelectrons between the light sensi 
tive particles on one face of the two-sided mosaic 
target and a collecting electrode, and provides 
for complete electric field isolation of each light 
Sensitive particle so that no charge transfers of 
any kind can occur among the particles. 

In accordance with one aspect of the invention, 
there is provided a novel cathode ray television 
transmitter tube arrangement employing a two 
sided mosaic having a matrix which is maintained 
at a negative potential with respect to the col 
lecting electrodes for the secondary electrons 
and photoelectrons, respectively, emitted from 
Said mosaic. 

In accordance with a preferred embodiment, 
chosen by way of example to illustrate the prin 
ciples of novelty of the present invention, an ar 
rangement including a television camera tube 
is provided which tube comprises an evacuated 
envelope enclosing means for generating a beam 
of electrons, a target for the beam, and two col 
lecting electrodes on opposite sides of the target. 
The mosaic target comprises a conducting matrix 
having a plurality of apertures therein, an in 
sulated filament being provided for each aper 
ture. The matrix is placed at a potential which 
is negative with respect to both collecting elec 
trodes. The end of each filament remote from 
the electron beam is photosensitized. An image 
of an object is projected upon the photosensitized 
side of the target and the other side is scanned 
with the beam of electrons. The ends of the 
filament are made flush with the matrix on both 
sides of the target. 
The principle of operation of this tube is as 

follows: While it is under the scanning beam 
spot, each flament attains an equilibrium poten 
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matrix but still considerably less than that of 
the collecting electrode on the electron beam 
side of the target, which collecting electrode may 
be the final anode of the electron gun utilized 
for generating the scanning beam of electrons. 
Between successive scans each filament acquires 
a positive charge through the loss of photoelec 
trons to the photoelectron collector electrode and 
its potential rises above the equilibrium poten 
tial at a rate determined by the amount of light 
falling upon it. The matrix is thus always neg 
ative with respect to every flament, as every 
filament is at or slightly above the equilibrium 
potential at all times. Being thus completely sur 
rounded by a negative potential barrier, the sec 
ondary and photoelectrons from one filament are 
unable to pass over this barrier to any other 
filament; they must either continue on to the 
final anode of the gun or to the collector elec 
trode for the photoelectrons, respectively, or re 
turn to the filament from which they started. 
On the photosensitive side of the mosaic, Suff 
cient collecting field is provided to draw every 
photoelectron to its collector electrode. On the 
scanning side of the mosaic, however, the equilib 
rium potential that the filaments assume while 
under the scanning beam is such that (at equi 
librium) only as many secondary electrons have 
sufficient energy to reach the final anode as 
there are primaries arriving in the beam and 
the remainder of the secondaries have too little 
energy to reach the final anode and fall back in 
side the potential barrier to the filament from 
which they were emitted. The variation in the 
current to the final anode constitutes the video 
signal current. Because the tube provides for 
complete collection of every photoelectron and 
prevents substantially all redistribution losses, 
this tube has a maximum signal output. 
In the tube of this invention, the matrix has 

a dual role in that it not only provides a bar 
rier grid action on both sides of the mosaic but 
also serves as the 'signal plate' at the same time. 
In the ordinary tube of this general type, one 
screen is used for the signal plate While a sepa 
rate screen is used to provide a barrier grid ac 
tion on one side of the mosaic facing the Scan 
ning gun only. The combining of these func 
tions in one matrix simplifies the mechanical 
design of the mosaic structure. 
The invention will be more readily understood 

by referring to the following description taken 
in connection with the accompanying drawing 
forming a part thereof in which: 
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Fig. 1 is a schematic representation of a Cath 

ode ray tube of this invention and certain of its 
associated circuits; 

Fig. 2 is an enlarged cross-sectional view of a 
portion of the mosaic target of Fig. 1 taken in 
a plane parallel to the surface upon which the 
scanning electrons inpinge. 

Fig. 3 is an enlarged cross-sectional view taken 
in a plane indicated by line 3-3 in Fig. 2. 

Referring more particularly to the drawing, 
Fig. 1 discloses, by way of example to illustrate 
the principles of this invention, a cathode ray 
television transmitter tube to employing a two 
sided mosaic together with certain of its as 
sociated circuit connections. The tube 0 com 
prises an evacuated envelope 2 enclosing the 
mosaic target f , an electron gun f3 for gener 
ating, focusing and accelerating a beam of elec 
trons towards this target, a collecting electrode 
f4 for photoelectrons emitted from the target 
when radiations from an object or field Of View 
are applied to the side thereof remote from the 
beam of electrons by means of a Suitable optical 
system represented by the lens f5, and two Sets 
of magnetic coils 6, 6 and 7, 7 for causing 
the beam of electrons to scan every elemental 
area in turn of a field of view on the mosaic tar 
get . 
The electron gun 3 preferably comprises a 

cathode 20, a modulating electrode or member 2, 
a first anode member 22, and a second and final 
anode member comprising a cylindrical member 
23 and a coating 24 of conducting material on the 
inside walls of the envelope 2 extending from 
the region of the cylinder 23 to the region of the 
mosaic target f. The collecting electrode 4 for 
the photoelectrons emitted from the left-hand 
side of the mosaic target in Fig. 1 also prefer 
ably comprises a conducting coating (in the form 
of a ring) on the inner walls of the envelope 2. 
The coatings 4 and 24 are separated and electri 
cally isolated from one another. 
The modulating electrode 2 f is placed at any 

suitable negative potential with respect to the 
potential of the cathode 20 by means of an ad 
justable source 30; the first anode 22 and the 
final anode 23, 24 are placed at appropriate posi 
tive potentials with respect to the cathode 20 by 
means of the source 3. An inner terminal of 
this source is connected directly to the anode 
member 22 while the positive terminal of the 
source 3 is connected through a signal resistor 
32 to the final anode members 23, 24. The nega 
tive terminal of the source 3 is connected to the 
cathode 20. The potentials applied to the vari 
ous electrode members are such that a beam of 
focused electrons strikes the target f and this 
beam is deflected over a suitable field or raster 
thereon by means of appropriate currents passed 
through the deflecting coils 6, 6 and 7, 7 by 
means of suitable sweep circuits (not shown). 
Any sweep circuits suitable for operation with 
magnetic deflecting coils for a cathode ray tube 
are satisfactory for the purpose. 
Reference will now be made to Figs. 2 and 3 

which show enlarged portions of the mosaic tar 
get f . Fig. 2 is a cross-sectional view taken in 
a plane parallel to the large surfaces of the 
mosaic target while Fig. 3 is a cross-sectional view 
taken in a plane indicated by the line 3-3 in 
Fig. 2. The mosaic target f preferably com 
prises a matrix 40 of conducting material having 
a plurality of apertures therein which are filled 
with filaments 4 having insulated coatings 42 
around them. The matrix 40 is placed at a nega 

O 

25 

30 

35 

40 

5 

30 

65 

70 

75 

2,369,569 
tive potential with respect to the conducting coat 
ing 24 and the cylinder 23 by means of source 33 
and at a negative potential with respect to the 
collecting electrode 4 by means of source 34. 
The left-hand ends of the flament 4f (in FigS. l. 
and 3) are photosensitized in any manner known 
in the art. Both ends of the filament are made 
flush with the corresponding surfaces of the 
matrix 40. This feature simplifies the manufac 
ture of the mosaic target . 
The target may be made in a number of 

ways. One example of a satisfactory way of 
making this target is known as the "Wile bundle' 
method. To make a two-sided mosaic by this 
method, wire of very small diameter is first 
coated with a thin uniform layer of a suitable 
dielectric material and then coated With a Vel'y 
thin metallic layer. This forms a miniature 
cable which can then be reeled up (perhaps with 
further metal being used to fill the spaces be 
tween the cables) in such a way that after it 
has been bound together and a thin slab has been 
formed by cuts perpendicular to the direction 
of the wires, the desired structure will have been 
formed. As a specific example of one way of 
performing this method, aluminum wire can be 
anodically oxidized to insulate it, and then coat 
ed with a thin layer of "Hanovia silver' suspen 
sion and baked. "Hanovia silver' is a suspension 
of Silver and Small amounts of other metals Such 
as antimony in oil. While the resulting minia 
ture cable is being layer-Wound around a thin flat 
board, a tinfoil made of an alloy of about 80 per 
cent aluminum and 20 per cent silver is wound 
between each layer. When the cross section of 
the coil has reached the correct dimensions, as 
for example about 5 inches wide and 2 inches 
deep, and after the flat board has been removed, 
the coil is Squeezed together eliminating the Space 
where the board has been. This assemblage is 
then baked to a temperature which is sufficient 
to melt the foil but which is below the melting 
temperature of the aluminum wire. Thus the foil 
is fused into a matrix. If desirable, pressure is 
applied at the same time to squeeze the wires 
together and to make Sure that the matrix com 
pletely fills every interstice. Slabs, perhaps of 
the order of 4 inch thick, are then formed by 
cuts perpendicular to the Wires and silver is elec 
troplated upon the exposed wire ends and the 
eXposed matrix on One side of the tube. If nec 
essary to get the silver to stick, a preliminary plat 
ing of nickel may be found necessary. After 
mounting the slab in the tube the usual proc 
eSSes of oxidation and treatment with caesium 
are used to produce photosensitivity on the left 
hand side of the mosaic as shown in Figs. 1 and 
3. The photosensitivity of the matrix 40 makes 
possible control of the average intensity at each 
instant of the reproduced image at a Suitable re 
ceiver. The current flowing in the lead wire 35 
connected to the matrix 40 is directly propor 
tional to the average intensity at each instant 
of the object or field of view projected upon the 
left-hand side of the mosaic target f by means 
of the lens system f 5. By means familiar to the 
art, the variations of this current can be trans 
mitted along with the video signal. The ampli 
tude of the blanking pulse can be controlled by 
this current. 
The principle of Operation of the tube shown 

in Fig. 1 is as follows: Radiations from an object 
Cr field of view are projected upon the left-hand 
side of the mosaic target f by means of the lens 
System 5. The beam of electrons generated by 
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the electron gun 3 is deflected over a field of the 
mosaic target corresponding to the area covered 
by the radiations from the object by means of 
deflecting currents supplied to the deflecting coils 
6, 6 and , . While it is under the scanning 
beam spot, each filament 4 attains an equilib 
rium potential somewhat greater than that of the 
matrix 40 but still considerably less than that of 
the final anode 23, 24 of the scanning gun. The 
matrix 40 is placed at a negative potential with 
respect to the final anode 23, 24 and at a constant 
potential with respect to ground by means of the 
source 33. The ends of the flaments, however, 
are not connected to any source of constant po 
tential and the potential of the filaments rises 
due to the secondary electrons given off from the 
filaments if by the impingement of the primary 
electrons from the gun 3 thereon. Between 
scans, each flament if acquires a positive charge 
through the loss of photoelectrons from the coat 
ing 3 to the collecting electrode 4 for the photo 
electrons, which is placed at a positive potential 
with respect to the matrix 40 by means of the 
source 34. The potential of each filament thus 
rises above the equilibrium potential at a rate de 
termined by the amount of light falling upon it 
from a corresponding elemental area of the object 
or field of view O. It follows then that every ele 
ment is at or slightly above the equilibrium po 
tential at all times and this being so the matrix is 
always negative with respect to every filament. 
Being thus completely surrounded by a negative 
potential barrier, secondary electrons and photo 
electrons from one filament are unable to pass 
over this barrier to any other filament; they must 
either continue on to the second anode (that is, 
the Collecting electrode 24) or to the collector 
electrode 6 for the photoelectrons, respectively, 
or return to the filament from which they started. 
On the photosensitive (left-hand) side of the mo 
saic, sufficient collecting field is provided to draw 
every photoelectron to the collector electrode 4. 
On the primary beam side of the mosaic (the 
right-hand side in Figs. 1 and 3) however, the 
equilibrium potential at the filament while 
under the scanning beam is such that (at equi 
librium) only as many secondaries have sufficient 
energy to reach the Second or final anode 24 as 
there are primaries arriving in the beam and the 
remainder of the secondaries have too little en 
ergy to reach the final anode 24 and fall back in 
side the potential barrier to the filament from 
which they were emitted. During each scanning 
Sequence, the scanning beam from the gun 3 re 
places successively at each filament 4f the number 
of photoelectrons that filament has lost since the 
previous Scan, and the instantaneous total num 
ber of secondary electrons going to the final anode 
24 is therefore diminished by the number of re 
placement electrons being taken by the filament 
(if being scanned at that instant. The variation 
in this final anode current constitutes the video 
signal current, and this current passes through 
the signal resistor 32 which is connected to the 
input circuit of an amplifier in a manner well 
known in the art. Because it provides for a com 
plete collection of every photoelectron and pre 
vents substantially all redistribution losses, the 
tube of this invention has a maximum signal out 
put. 
As pointed out above, an outstanding feature of 

this tube is the dual role performed by the matrix 
0. This matrix not only provides a barrier grid 
action on both sides of the mosaic but it also 
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narily in tubes of the two-sided mosaic type, One 
Screen is used for the signal plate while a sepa 
rate screen is used to provide a barrier grid ac 
tion on the One side of the mosaic facing the 
SCanning gun only. Combining these functions 
in the matrix simplifies the mechanical design of 
the mosaic structure. Preferably, as pointed out 
above the ends of the filaments are flush with the 
respective surfaces of the matrix. This is pos 
sible in accordance with this invention because no 
Special indentations or protuberances are neces 
Sary to produce the barrier action. 
Various modifications may be made in the em 

bodiment described above without departing 
from the spirit of the invention, the scope of 
which is indicated by the appended claims. 
What is claimed is: 
1. An electron camera tube arrangement com 

prising an envelope enclosing means for generat 
ing a beam of electrons, a target for said beam 
comprising a matrix of conducting material hav 
ing a plurality of insulated conducting elements 
therein, said conducting elements being so posi 
tioned that each has an exposed face on each side 
of the target, a photosensitive coating on the face 
of each element remote from the beam, collecting 
means for secondary electrons generated when 
said beam impacts said target, a collecting elec 
trode for photoelectrons emitted from the photo 
sensitive portions of said element, and means for 
placing said matrix at a fixed potential which is 
at all times negative with respect to that of said 
collecting means and said collecting electrode. 

2. An electron camera tube arrangement cOn 
prising an envelope enclosing means for generat 
ing a beam of electrons, a target for said beam 
comprising a conducting member having a nulr 
tiplicity of apertures therein, an insulated con 
ducting element in each aperture so positioned 
that each element has an exposed face on each 
side of the target, said faces being substantially 
flush with the surfaces of said conducting mem 
ber, a photosensitive coating on the face of each 
element remote from the beam, collecting means 
for secondary electrons generated when said 
beam impacts said target, a collecting electrode 
for photoelectrons emitted from the photosensi 
tive portions of said element, and means for plac 
ing said conducting member at a fixed potential 
which is at all times negative with respect to that 
of said collecting means and said collecting elec 
trode. 

3. An electron camera tube arrangement com 
prising an envelope enclosing means for generat 
ing a beam of electrons, a target for said beam 
comprising a conducting member having a mull 
tiplicity of apertures therein, an insulated con 
ducting element in each aperture so positioned 
that each element has an exposed face on each 
side of the target, Said faces being Substantially 
flush with the surfaces of said conducting mem 
ber, a photosensitive coating on the face of each 
element remote from the beam collecting means 
for secondary electrons generated when said beam 
impacts said target, a collecting electrode for 
photoelectrons emitted from the photoSensitive 
portions of Said element, and means for placing 
said conducting member at a potential which is 
fixed with respect to that of the cathode of the 
beam generating means and which is at all times 
negative with respect to that of said collecting 
means and said collecting electrode. 

4. The combination of elements as in claim 1 
serves as the signal plate at the same time. Ordi- 75 in which the exposed faces of said elements are 
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substantially flush with the surfaces of Said . 
matrix, respectively. 

5. An electron camera tube arrangement cOn 
prising an envelope enclosing means for generat 
ing a beam of electrons, a target for said beam 

... comprising a conducting member having a mull 
tiplicity of insulated conducting elements there 
through, said elements being So positioned that 
each one of them has an exposed face on each 
side of the conducting member, a photoSensitive 
coating on the face of each element remote from 
the beam generating means, collecting means for 
secondary electrons generated when said beam 
impacts said target, a collecting electrode for 
photoelectrons emitted from the photosensitive 
portions of Said elements, means for setting up 
an electric field between Said photoSensitive por 
tions of Said elements and Said collecting elec 
trode to cause substantially all of said photo 
electrons to be collected thereby, and means for 
setting up an electric field between the conduct 
ing elements and said conducting member so that 
secondary electrons are prevented from being 
emitted from one element to another element. 

6. In combination, a target for electrons com 
prising a first conducting member, insulating 
material disposed about said member in such a 
way that two faces of said member at opposite 
ends thereof are left uninsulated, a second mem 
ber of conducting material contiguous to said in 
sulating material, a photosensitive surface for 
One of Said faces, a photoelectron collecting elec 
trode adjacent said photosensitive surface for 
receiving photoelectrons emitted therefrom, 
means for generating a beam of electrons and for 
periodically directing it to the other of said two 
faces, a collecting member for secondary elec 
trons emitted from said other face when impacted 
by Said beam, said emission of Secondary elec 
trons and of photoelectrons causing said first 
conducting member to vary in potential from 
an equilibrium value when the beam is in con 
tact therewith to values positive with respect 
to Said equilibrium value when the beam is not 
in contact thereWith and when radiations are 
applied to said photosensitive surface, and means 
for continuously maintaining said second mem 
ber at a negative potential with respect to said 
equilibrium value. 

7. In combination, a target for an electron 
bean comprising a matrix of conducting mate 
rial having a plurality of insulating conducting 
elements, Said conducting elements being so posi 
tioned that each has an exposed face on each 
Side of the target, a photosensitive coating on 
the face of each element remote from the beam, 
means for receiving Secondary electrons gener 
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ated when said beam impacts the target, a col 
lecting electrode for photoelectrons emitted from 
the photosensitive portions of said element, said 
emission of secondary elections and of photo 
electrons causing each of said conducting ele 
ments to vary in potential/from an equilibrium 
value which is substantially the same for all 
elements and which each element assumes when 
the beam is in contact therewith to a value posi 
tive with respect to said equilibrium value when 
the beam is not in contact therewith and when 
radiations are applied to said photosensitive sur 
face, and means for continuously maintaining 
Said matrix at a negative potential with respect 
to said equilibrium potential. 

8. In combination, a target for electrons com 
prising an array of insulated parallel conduct 
ing members each having two uninsulated ends, 
metallic material forming a matrix around said 
insulated members, means for forming a beam of 
electrons, means for causing said beam to Scan 
a face of said target including an end of each 
conducting member whereby each member is 
driven to an equilibrium potential by the pas 
Sage of the bean Over its Said end, means for 
producing electron emission from the other of 
said ends of Some at least of Said conducting 
members, Said emission from a member causing 
the potential thereof to become more positive 
than Said equilibrium potential during the period 
of time it is not contacted by said beam, and 
means for maintaining Said matrix at all times 
negative with respect to said equilibrium 
potential. 

9. In combination, a target for electrons com 
prising an array of conducting members, metallic 
material between but insulated from adjacent 
ones of Said members, all of Said metallic mate 
rial being maintained at the same potential, 
means for forming a beam of electrons, means 
for causing Said beam to Scan a face of said tar 
get including an end of each conducting mem 
ber whereby each member is driven to an equi 
librium potential, means for producing electron 
emission from the other end of some at least of 
Said conducting members, Said emission from a 
member causing the potential thereof to become 
more positive than said equilibrium potential 
during the periods of time it is not contacted 
by said beam, and means for maintaining all of 
said metallic material at all times negative with 
respect to said equilibrium potential. 

10. The combination of elements as in claim 9 
in which said other end of each of said conduct 
ing members is coated with photoSensitive 
material. 

ARTHUR D. HULBERT, 


