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tive but thin enough to permit easy penetration 
by electrons originating at photo-cathode 0. 
A Second electron Source, Which may con 

veniently comprise a, conventional scanning elec 
tron gun schematically represented at , is pro 
vided within envelope i on the side of storage 
electrode 3. opposite.photo-cathode : , and suit 
able magnetic-deflection coils i 8 and 9 are: pro 
vided to impart the desired scanning motion to 
the electron beam originating at electron gun 7. 
An elongated focussing coil 20 Surrounds the en 
tire envelope ! ! to collimate the electrons orig 
inating respectively at photo-cathode : f 0 and elec 
tron gun 7. 
The construction of electron gun 7-and-photo 

cathode 10 may assume any, convenient form 
known to the art, and the storage electrode : 3 
may be Supported in a conventional manner, as 
by means of a clamping ring (not shown), engag 
ing the inner wall of envelope i f. 

It is: known; in the gart: that if an insulatoris 
netrated and traversed by a fast, moving streann 

of electrons, it is-rendered locally-conductive in a 
transverse-direction with respect to the plane of 
the insulator (the direction of the electronbeam) : 

- duringithe: passage of-the-fast electrons. Moire 
over, by the application of suitable potentials to 
either. Surface of the insulator, a conduction cur 
rent, gof an order of magnitude larger than the 
penetrating , current, may be caused to flow. In 3 
.aecordance with the present invention, the con 
duction current - effect is utilized as follows: 

: Photoelectrons originating at cathode . O are 
focusSed onto the "-storage electrode - 3. at high 
velocity and penetrate the conductive layer 6 and 
the , insulating layer 5, º coming to rest in the 
double-sided.target electrode - 4. The targetelec 
"trode, is stabilized at an equilibrium potentialby 
means, of the scanning beam-from electron, guin 

which is defected over, the target i tin accord 
ance with , a predetermined scanning-pattern, as 
by means of deflection coils i 8 and - 9. A suitable 
potential, different from the equilibrium potential 
of the target: electrode 4, is applied to the con 
ductive-layer; i 6 as by means of a lead-in con 
ductor -2 i which may also serves as an output 
terminal. 
At the instant, of passage of the primary, photo 

electrons from cathode 10 through the insulating 
layer 5, a large conduction current, proportional 
in intensity to the primary electron current, 
though, perhaps ten times greater, flows from con 
ductive layer. i 5 to target electrode 4, thus locally 
altering the potential of target i electrode 4g and 
establishing a Space-modulated charge pattern, 
Corresponding to the light * distribution from the 
optical.image, projected on photo-cathode G, over 
the Scanned surface of target electrode 4. Since 
the Storage electrode structure does not contain 
a grid" or mesh, the disadvantages of moiré pat 
terns - and mechanical blocking º are -- not en 
countered. Moreover, since no - secondary elec 
trons are liberated,- spurious shading signals are 
avoided. 

It will be - appreciated that the sign- of the po 
tential applied to conductive layer: 6 with respect 
to the equilibrium potential of the target electrode 
4 - determines - whether the space-modulated 
charge pattern i stored on the target electrode is 
positive or negative with respect to the equilibrium 
potential which i represents-picture. black. :Small 

* Variations of the potential applied to conductive 
layer - 6, which may, . for example, be effected by 

***means - of - a -º variable tap 22 coupled to lead-in 
conductor 2 - and associated with a potentiometer 
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resistor 23 connected in parallel with a voltage 
source 24, afford a convenient control over the 
effective gain of the image section of the tube 
while having a negligible effect on the focus of 
the primary photoelectrons which travel at high 
velocities to penetrate the conductive and insulat 
ing layers 6 - and 5 of the storage i electrode i 3. 
"Thus, the light. Sensitivity... of the tube, its con 
trast range, and its gamma characteristic may be 
brought under Some degree of control to meet dif 
ferent conditions of operation. 

In One º mode of operation, the Scanning beam 
from electron gun .may comprise scanning elec 
trons - of low: velocity, as in the image orthicon. 
In thiS mode of operation, conductive layer !! 6 is 
biased in Such a manner that the stored charges 
on target "electrode i 4 are positive in sign. Since 
the target electrode i 4 is electrom-impermeable, 
the scanning electrons are not collected by the 
conductive layer i 6, and a suitable output load 
impedance, Such as a resistor 25, may be con 
nected to layer | 6 by means of lead-in conductor 
2 Which then serves, as an output terminal. The 
output, signal so derived...is.more free from noise 
than that of an. image orthicon, wherein the re 
turn, electron beam is incident on a collector mesh. 
If desired, the return electron beam, may be used 
to derive the output signal in a manner well 
known in the art, and electron multiplication 
prior to the final output electrode - may also be 
provided. 

In another condition of operation, the scan 
ining beam from electron gun 7 may comprise 
electrons of high velocity, as in the image 
iconoScope. With this mode of operation the sign 
of the stored charges may be made either posi 
tive or negative, and in either case, conductive 
layer i 6 may constitute the output electrode. 
Moreover, if the stored charges, are made positive 
with respect to picture black, the output signal 
may alternatively be derived from the return elec 
tron beam. 
With either type of operation, the scanning 

beam from electron gun 7 also serves to restore 
the target electrode 4 to its equilibrium poten 
tial to condition the storage electrode i 3 for stor 
age and conversion of a succeeding image frame. 
Thus, the embodiment of Figure 1 is adapted to 

Operation with either high-velocity or low-velocity 
SCanning, depending on the operating conditions 
encountered. Moiré patterns and mechanical 
blocking as well as Spurious shading signals are 
avoided. 
In the i device - of Figure 1, the writing beam 

from photo-cathode 9 is - caused to penetrate the 
insulating layer 5 of the storage electrode i 3, and 
the local transverse conduction currents induced 
in the thin insulating layer 5 are utilized to es 
tablish a s charge pattern on the Semi-conducting 
target electrode 4 which is space-modulated in 
accordance With the optical image to be con 
Verted. It is also possible, in accordance with 
the invention, to cause the reading beam to pene 
trate the-thin insulating layer-and-thus to utilize 
the local conduction currents for the purpose of 
establishing an output current flow to the thin 

- conducting layer of the storage electrode, ºthere 
by to produce an output signal: representing the 
stored image. There is shown in Figure 2 an 
image-converting device ; of this latter type. 
The device of Figure 2, ... with the exception of 

the storage electrode, is generally. similar to the 
conventional image iconoscope; many parts of the 
device are i similar to corresponding parts of the 
tube of Figure 1 : and are designated by corre 
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Sponding primed reference numerals. The stor 
age electrode 3' is identical to that of the tube 
Of Figure 1 but is reversely oriented with respect 
to the photo-cathode 10” and the scanning elec 
tron gun il 7'; that is, the semi-conducting target 
electrode i 4” is directly exposed to photoelectron 
emiSSion from cathode 0", while the reading 
electrons from Scanning gun f' are caused to 
penetrate the conductive layer i 6" and the in 
Sulating layer 5’ of the storage electrode 3" in 
Order to reach the target electrode il 4. A focus 
sing solenoid 26 is concentrically arranged with 
respect to the envelope i l’ around the image sec 
tion of the tube to focus primary photoelectrons 
emitted from cathode i 0”, and a pair of anodes 
27 and 28 are provided in the image section and 
the Scanning section respectively for electro 
Static focussing purposes; anodes 27 and 28 may 
conveniently assume the form of conductive coat 
ingS On the inner Wall of the envelope f l '. As 
in the embodiment of Figure 1, magnetic-defec 
tion coils i 8’ and 9" are provided to impart the 
desired Scanning motion to the electron beam 
Originating at electron gun IT”, and an Output 
terminal 2 ?” is connected to the conductive layer 
6' of the storage electrode i 3’. 
In Operation, photoelectrons emitted from 

cathode f 0’’, which are space-modulated in ac 
cordance with the optical image to be converted, 
are fOCUSSed and impinge UpOn the Semi-conduct 
ing target electrode f 4” at a velocity, for example, 
of the order of 1000 volts, and Secondary elec 
trons are liberated from the target surface which 
may be Suitably treated to provide a high Sec 
ondary emission ratio. 
electrons from the target Surface causes a posi 
tive charge to be transferred by leakage to the 
adjacent surface of the insulating layer il 5”, 
thereby to establish a charge pattern which is 
Spaced-modulated to represent the optical image i 
to be converted. 
A high-velocity scanning beam from electron 

gun 7' is directed over the surface of conduct 
ing layer 6" in accordance with a predetermined 
Scanning pattern, and this reading beam pene 
trates both the conductive layer | 6” and the in 
Sulating layer 5” to render the latter conductive 
in a tranSverSe direction. As a result, the posi 
tive charge established on the insulator Surface 
leaks through the insulating layer | 5' to the con 
ductive layer i 6”, by virtue of the local transverse 
conduction currents which are established in the 
insulator when it is traversed by an electron 
beam. A suitable potential different from the 
equilibrium potential of the target electrode i 4’ 
is applied to the conductive layer il 6' by way of 
lead-in conductor 2", and at the instant of pas 
Sage of the Scanning electrons through an elle 
mentary area, Of the insulating layer 5", a large 
conduction current proportional in intensity to 
the primary current from the corresponding elle 
mentary area of the photo-cathode i 0”, though 
perhaps ten times greater, flows to the conduc 
tive layer i G”. By providing a Suitable load im 
pedance (not ShoWn) in the circuit between con 
ductive layer f 6” and electron gun 7”, an elec 
trical output signal which is modulated in ac 
cOrdance With the optical image to be transmitted 
may be produced, and lead-in conductor 2 ! " may 
furnish a convenient output terminal from which 
the output signal may be derived. 
The arrangement Of Figure 2 possesses all the 

inherent advantages of the image iconoscope 
While avoiding its major disadvantages, namely, 
that the scanning electrons from the reading gun 

Emission of Secondary 3., 
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may penetrate the storage electrode and cause 
spurious signals by virtue of their subsequent in 
terference with the operation of the image sec 
tion of the tube. In the device of Figure 2, the 
semi-conducting target electrode i 4” is electron 
impermeable so that the scanning electrons cam 
not penetrate the storage electrode and spurious 
signals are avoided. Moreover, the storage elec 
trode is simple of construction and no substantial 
redistribution of electrons from the scanning 
beam is possible, so that shading signals are also 
avoided. 
The construction of storage electrode i 3 of the 

device of Figure 1 and storage electrode 3’ of 
the device of Figure 2 is illustrated in cross-sec 
tion im Figure 3. 

It is also possible, in accordance with the in 
vention, to utilize the storage electrode in cer 
tain other environments to meet different condi 
tions of operation. For example, the storage 
electrode may be particularly useful in an image 
converting device of , the image-storage Or 
memory tube type. Such a device may advan 
tageously be provided in the form of a uniaxial 
structure having reading and writing electron 
guns on opposite sides of a storage electrode 
which per se is constructed as illustrated in Fig 
ures 1 and 2. AS in the other embodiments Of the 
invention, local transverse conduction currents 
induced in the insulating layer are utilized tO 
provide image storage and conversion. 

In all of its applications, the storage electrode 
provided by the invention, comprising a target 
electrode to which is affixed a thin insulating 
layer, and a thin conductive layer affixed to the 
insulating layer", affords numerous advantages 
over storage electrodes previously used in con 
ventional image-converting devices. Having no 
mesh or grid, the storage electrode of the present 
invention places no limitation on obtainable 
picture resolution. Moreover, Since the target 
electrode portion of the storage electrode is elec 
tron-impermeable, electrons from the scanning 
section of the tube are precluded from adversely 
affecting operation of the image section, and 
vice versa. 
While particular embodiments of the present 

invention have been shown and described, it is 
apparent that various changes and modifications 
may be made, and it is therefore contemplated 
in the appended claims to cover all such changes 
and modifications as fall within the true spirit 
and Scope of the invention. 

I clain: 
1. A double-ended image-converting device 

comprising: a storage electrode including a dou 
ble-sided electron-impermeable target electrode, 
a thin imperforate layer of insulating material 
affixed to said target electrode, and a thin elec 
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tron-permeable layer of conductive material af 
fixed to said insulating layer; a pair of electron 
Sources respectively disposed on opposite sides 
of Said Storage electrode; means for projecting 
electrons from one of said sources through said 
layers onto said target electrode to induce local 
transverse conduction currents in said insulating 
layer; and means utilizing said conduction cur 
rentStO effect image conversion. 

2. A double-ended image-converting device 
comprising: a storage electrode including a dou 
ble-sided electron-impermeable target electrode, 
a thin imperforate layer of insulating material 
affixed to said target electrode, and a thin elec 
tron-permeable layer of conductive material af 
fixed to said insulating layer; a pair of electron 
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sources respectively disposed on opposite sides of 
said storage electrode; means for projecting elec-*. 
trons from one of said sources through Said layerS 
onto said target electrode to induce local trans 
verse condiuiction currents in said insulating layer; 
and means, including means for projecting elec 
trons from the other of said sources onto Said 

5 

target electrode, for utilizing said conduction cur 
rents to effect image conversion. 

3. A double-ended image-converting device 
comprising: ?, storage electrode including a dou 
ble-sided electron-impermeable target electrode, 
a thin imperforate layer of insulating material 
affixed to said target i electrode, and a thin elec 
tron-permeable layer of conductive material af 
fixed to said insulating layer; a pair of electron 
sources respectively disposed on opposite Sides of 
said storage electrode; means for projecting elec 
trons from one of Said Sources through. Said layer's 
onto. Said target, electrode to indit ce local trans 
verse conduction currents in Said insulating layer; 
and nieans including an output terminal con 
nected to said i conductive layer for - application 
of an energizing potential thereto to utilize - said 
conduction i Current;S to effect image · COnverSiOT. 

4. A double-ended i image-converting de Vice 
comprising : a storage electrode including a dou 
ble-sided electron-iimperineable target electrode, 
a thin imperforate layer of insulating material 
affixed to Said target i electrode, and a thiin elec 
tron-permeable layer of conductive material af 
fiXed to : Said insulating layer; a pair of electron 
Sources respectively disposed on opposite Sides 
of said storage electrode; means for modulating 
electronS from a first one of Said. Sources in ac 
cordance with an optical image; means for i pro 
jecting i said modulated electrons from said first 
Sorce through Said layers onto Said target elec 
trode to induce local transverse conduction cur 
rentS in Said in SUulating layer thereby to establishi 
a Space-modulated charge pattern on said target 
electrode representing said optical image; and 
means, including means for projecting electrons 
from the other of Said sources onto said target 
electrode, for converting said i space-modulated 
charge pattern to an electrical Signal. 

5. A double-ended i image-converting device 
comprising: a Storage electrode including a 
double-sided electron-impermeable target elec 
trode, a thin imperforate layer of insulating mra 
terial affixed to said target electrode, and a thin 
electron-permeable layer Of conductive materia 
affixed to said insulating layer; a pair of electron 
SOUurces reSpectively disposed on opposite Sides of 
Said storage electrode; means for modulating 
electrons from a first one of Said sources in ac 
cordance with an optical image; means for pro 
jecting Said modulated electrons from said first 
Source onto Saidi target electrode to establish a, 
space-modulated charge pattern thereon repre 
senting said optical image; means for projecting 
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electrons from the other of said sources through 
said layers onto Said target electrode to induce 
local transverse conduction currents in i Said in 
sulating layer in accordance with i said space 
modulated charge pattern; and means including 
an output terminal connected to Said conductive 
layer for utilizing said conduction currents to 
effect conversion of said optical image to an 
electrical Signal. 

6. A double-ended image i converting, device 
comprising: a, Storage electrode including a, 
double-sided i electron-impermeable target i elec 

20 

trode, a thin imperforate layer of insulating-ma 
terial affixed to said target electrode, and a thin 
electron-permeable i layer of - conductive materia 
affixed to said insulating layer; a pair of electron 
Sources respectively disposed on opposite Sides, of 
Said storage electrode; means, including means 
for modulating electrons from a first one of Said 
Sources in accordance with an optical image, for 
storing a charge replica of said image on said 
Storage electrode; means for projecting electrons 
from one of said sources through said layers onto 
said target: electrode to induce local transverse 
conduction currents ; in said insulating layer; 
means including an output terminal connected to 
Said conductive layer for application of an ener 
gizing potential thereto to utilize said conduction 

30 
currents to effect image conversion; and means 
for Varying Said energizing potential to control 
the gain of Said image-storing means. 

7. A storage electrode for an image-converting 
device comprising: a double-sided semi-conduct 
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ing glass electron-impermeable target electrode; 
a thin imperforate layer of insulating material 
affixed to said target electrode; and a thin elec 
trom-permeable i layer - of conductive materia 
affixed to Said insulating layer. 

8. A storage electrode for an image-convert 
ing device comprising: a, double-sided electron 
impermeable target electrode; a thin imperforate 
layer of silica affixed to said target electrode; 
and a thin electron-permeable layer of conductive 
material affixed to said silica layer. 

9. A storage electrode for an image-converting 
device comprising: a double-sided electron-im 
permeable target electrode; a thin imperforate 
layer of magnesium fluoride affixed to said target 
electrode; and a thin electron-permeable layer of 
conductive material affixed to said first-men 
tioned layer. 
GEORGE STANLEY PERCIVAL FREEMAN. 
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