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nickel sheet may then be attached to cup ?o and 
placed in an evacuated evaporator in order that 
a film of refractory insulating material 32 may 
be evaporated on one side only thereof. This 
may be accomplished by utilizing the phenomenon 
that evaporation takes place along Straight paths. 
The film of insulating material should have a low 
dielectric constant, be highly refractory, and be 
chemically stable. I have found that barium 
fluoride is representative of such materials, and 
this material is evaporated on one side of the 
nickel screen within an evaporating vessel by 
placing barium fiuoride in a container approxi 
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While there is another step, usually found de 

sirable in the formation of the charge storage 
electrode 9, namely, the step of controlling the 
leakage time between the photoelectric InoSaic 
34 and the nickel screen 30, it is believed that 
a description of one type of circuit utilized to 
place the tube in operation will render the dis 
cussion of this final step more understandable. 
Accordingly, cathode 5 may be connected to a 
heating circuit in a manner well known in the art, 
in order that this cathode emit electrons. Grid 
6 is connected by wire 40 through blocking con 

mately 6 inches from the screen, and heating the . . 
container. ?. - - m 

I have found that a film of dielectric between 
0.0003 and 0.0005 inch thick may be evaporated 
onto the nickel sheet in about five minutes. 
This process provides the dielectric coating 32, 
with the edges of this coating slightly overlap 
ping the edges of the perforations in the nickel 
sheet, as shown in the sectional views of Fig. 2. 
I have also found that it is desirable to apply a 
tickler coil to the nickel sheet during the evapora 
tion process in order to prevent too great an 
accumulation of barium fluoride on the sides of 
the perforations. Bulging sides at these points 
will greatly reduce the size of the openings in the 
sheet, which is, of course, undesirable. 
The next step is to sputter a film of Silver, 

indicated by globules 34 in Fig. 2, on top of 
the barium fluoride coating 32, preferably in an 
atmosphere of rarified oxygen. This silver film 
should preferably have extremely low conductiv 
ity approaching infinite resistance, and it has 
been found that less conductivity may be ob 
tained by using oxygen than with any other ga.S. 
The nickel screen with its dielectric and silver 

coatings may then be mounted in envelope , 
with the silvered surface facing the planar Win 
dow 2 and with the nickel surface facing the 
electron gun. The other elements are then placed 
within the envelope and the tube is degaSSed by 
baking for several hours at a high temperature. 
The silver film 34 is then oxidized in a glow dis 
charge in the usual manner, well known in the 
art. 
After cooling, the temperature is reduced to 

200° C., and caesium is slowly distilled into the 
envelope f between the gun and the charge stor 
age electrode 9 until the direct current photo 
electric peak of the sensitized silver is just passed. 
The tube is then baked at 200° C. and baked for 
a short time until the peak value of photoemis 
sion is again reached. This procedure results in 
a mosaic photoelectric surface on the side of the 
charge storage electrode 9 facing planar windoW 
2 and lens 4. 

It will be obvious, however, that I have de 
scribed just above only one method of obtaining 
a mosaic photoelectric surface, and I do not wish 
to be limited in any way to this particular meth 
od, as other methods and other materials may 
also be used to obtain the same result, as is well 
known in the art. 
After the charge storage electrode 9 has been 

formed as just above described, the electron mul 
tiplier stages 2, 24, 25 and 26 may then be treated 
with suitable materials in order to obtain there 
from secondary electron emission at ratios greater 
than unity. Caesium treatment similar to that 
required to produce photoelectric surfaces may 
be applied to the multiplier stages directly 
through side tubulation 7 without affecting the 
sensitization of the charge storage-electrode 9. 
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denser 4 to a signal input to which blanking 
impulses may be applied to extinguish the Cath 
ode ray beam during retrace intervals, and grid 6 
is maintained at the proper biasing potential 
by bias battery 42 and bias resistor 44. Anode 
T is energized by anode source 45 at ground po 
tential, source 45 placing the cathode 5 more 
negative than ground potential. Scanning OS 
cillators 46 and 47 through scanning coils 49 and 
50 move the electron bean emitted from anode 
7 in two directions over a picture area, on the 
nickel side of charge Storage electrode 9, and 
focusing coil 48 is used to define the beam. The 
nickel screen 30 forming the foundation of this 
charge storage electrode is made more positive 
than anode 7 by means of a taip 5 on voltage 
dividing resistor 52, this resistor being energized 
by the source 54. Multiplier housing f 9 and con 
nected film 6 are energized at the next higher 
potential by tap 55; accelerating screen 4 is held 
at the next higher potential by tap 5.6; first nul 
tiplier stage 2 is held at the next higher po 
tential by tap 5; Second multiplier stage 24 is 
held at the next higher potential by taip 58; 
third multiplier stage 25 is held at the next 
higher potential by taip 59; last Stage 26 is held 
at the neXt higher potential by taip 60. 
Output screen 27 of the multiplier is held at 

the highest potential through a final output cir 
cuit comprising a filter resistor 6, a choke coil 
62 and an output resistor 63. Output screen 27 
is also connected through a blocking condenser 
62 to the control grid 63 of an output tube 64, 
the latter having a bias resistor 65, a screen bias 
connection 67, and an output resistor 68 con 
nected to the anode 69 of output tube 64, all in 
the manner Well known in the art for the connec 
tion of a screen-grid tube. Other output circuits 
are fully equivalent. 
In operation the electron gun may be ener 

gized, for example, with a voltage of 500 to 1500 
volts, to bombard the nickel side of the charge 
Storage electrode 9. Some of the electrons in the 
gun beam, as it is Scanned over the picture area, 
on the nickel side of charge storage electrode 9, 
will pass through the perforations of the elec 
trode and are collected on end Screen 5 Which is 
Only slightly positive, relatively to the gun anode 
l, as indicated by end Screen tap 69 on voltage 
divider 52. About 80% of the electrons in the 
gun beam, however, Strike the metallic nickel Sur 
face of electrode 9 to produce secondary elec 
trOnS. - 

prefer to have a potential difference of from 
5 to 50 Wolts positive on the accelerating screen 

A relatively to the nickel base of the charge Stor 
age electrode. 9. This potential is insufficient, 
however, to draw any of the secondary electrons 
Created by beam impact from the nickel side of 
the storage electrode 9 through the perforations 
of the storage electrode. However, when an opti 
cal image is focused on the mosaic side of the 
grid through a lens 4, photoelectrons are emitted 





4. 
dation, a layer of insulating material on one side 
only of said electrode, the other side of said elec 
trode being capable of producing secondary elec 
trons at a ratio greater than unity, and a mosaic 
photoemissive surface on said insulating mate 
rial; means for focusing an optical image on Said 
mosaic; electron producing and directing means 
for developing an electron beam of elemental 
cross-section impacting the secondary-emissive 
side of said electrode at a velocity sufficient to 
produce secondary electrons therefrom; means 
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for Scanning successive elementary areas of the 
inpacted side of Said electrode; means Spaced 
from said electrode to collect beam electrons 
passing through said electrode; and Separate 
means for collecting secondary electrons passing 
through said permeable electrode. 

2. Apparatus in accordance with claim. 1. With 
an accelerating. Screen positioned in front of Said 
mosaic and energized to a potential insufficient : 
to draw secondary electrons through said perme 
able electrode in the absence of light on said 
mosaic. 

3. Apparatus in accordance with claim 1, with 
means positioned on the side of said permeable 
electrode remote from Said electron bean pro 
ducing means for collecting photoelectrons emit 
ted from said mosaic surface. 

4. Apparatus in accordance with claim 1, 
wherein the separate means for collecting the 
secondary electrons passing through Said perme 
able electrode is an output electrode positioned 
between said mosaic and the means for collecting 
beam electrons, and positioned outside of the 
path of said beam electrons passing through Said 
permeable electrode. 

5. Apparatus in accordance. With claim 1, 
wherein the separate means for Collecting the 
Secondary electrons passing through Said perme 
able-electrode is the first stage of an electron : 
multiplier, said first stage being positioned out 
side of the path of beam electrons passing 
through said permeable electrode. 

6. Apparatus in accordance with claim 1, with 
an accelerating screen positioned in front of said 
mosaic and energized to a potential insufficient 
to draw secondary electrons through said per 
meable electrode in the absence of light on said 
mosaic, but energized to a potential Sufficient to 
collect electrons emitted from said mosaic in the 
presence of light, said Separate means for co 
lecting secondary electrons being positioned be 
tween said accelerating screen and said means 
for collecting beam electrons and out of the path 
of beam electrons passing through said permeable 
electrode. 

7. An image amplifier system comprising an en 
velope containing an electron-permeable charge 
storage electrode comprising a conducting foun 
dation, a layer of insulating, material on one side 
only of said electrode, the other side of said 
electrode, being capable of producing secondary 
electrons at a ratio greater than unity, and a 
mosaic photoemissive surface on said insulating 
material; means for focusing an optical image 
on Said mosaic; electron producing and directing 
means for developing an electron beam of ele 
mental cross-section impacting the secondary 
emissive side of said electrode at a velocity suffin 
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cient to produce secondary electrons therefrom; 
means for. Scanning. Successive elementary areas 
of the impacted side of said electrode; an accel 
erating screen positioned parallel to and adjacent 
said mosaic, a, beam-electron collecting Screen po 
sitioned coaxially with and parallel to said per 
meable electrode and said accelerating Screen 
and spaced from said accelerating screen; and 
an output electrode positioned between said col 
lecting. Screen and said accelerating Screen and 
out of the path of beam electrons passing through 
Said permeable. Screen and Said accelerating elec 
trode. 

8. Apparatus in accordance With claim 7, 
wherein said output electrode is the first stage 
of an electron multiplier energized to a higher 
potential than either Said accelerating Screen or 
said beam-electron collecting Screen to attract 
secondary electrons, passing through said per 
meable electrode and Said accelerating screen. 

9. In a System utilizing an electron-permeable 
electrode having one side capable of producing 
Secondary electrons at a ratio greater than unity 
and an opposite side carrying a photosensitive 
mosaic Spaced from Said electrode by an insulat 
ing film, the method of producing an electrical 
signal in response to a light image which com 
prises generating a primary beam of electrons of 
elemental cross-section, directing said beam to 
Wards a plane to produce Secondary electrons 
thereat, moving Said beam across said plane to 
produce a cloud of Secondary electrons delineat 
ing a picture area, applying an accelerating po 
tential from the other side of said plane insuf 
ficient to draw secondary electrons through said 
plane in the absence of electrical charges therein, 
Creating a charge image in said plane by pro 
jecting an optical image thereon and removing 
photoelectrons emitted thereat, and collecting 
Secondary electrons passing through said plane 
under the control of charges therein. 

10. In a System utilizing an electron-permeable 
electrode having one side capable of producing 
Secondary electrons at a ratio greater than unity 
and an opposite side carrying a photosensitive 
mosaic Spaced from said electrode by an insulat 
ing film, the method of producing an electrical 
Signal in response to a light image which com 
prises generating a primary beam of electrons 
of elemental cross-section, directing said beam 
towards a plane to produce secondary electrons 
thereat, moving said beam across said plane to 
produce a cloud of Secondary electrons delineating 
a picture area, applying an accelerating potential 
from the other side of said plane insufficient to 
draW Secondary electrons through said plane in 
the absence of electrical charges therein, creat 
ing a charge image in said plane by projecting 
an Optical image thereon and removing photo 
electrons emitted thereat, collecting beam elec 
trons passing through said plane, and separately 
collecting Secondary electrons passing through 
Said plane under the control of charges therein. 

11. Method in accordance with claim 10, 
Wherein collected Secondary electrons are multi 
plied by repeated secondary electron producing 
impacts. 
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