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Mass., a corporation of Delaware 

Application December 18, 1948, Serial No. 66,083 

This invention relates to electron tubes of the 
kind wherein an image can be stored in the form 
of an electrical charge pattern, and in particular 
to a tube having great flexibility of use. 

It is an object of the invention to provide an 
image storage tube wherein an image can be 
recorded at any desired rate of speed within wide 
limits, stored for a great length of time and 
examined repeatedly without appreciable loss of 
definition. 

It is another object of the invention to provide 
Such a storage tube wherein the stored image 
can be removed rapidly when desired. 

It is another object of the invention to provide 
such a tube which has high resolving power, and 
can consequently record and store an image 
having a great many elements of information. 

It is still another object of the invention to pro 
vide an image storage tube wherein the stored 
image has a large dynamic range of intensities. 
The foregoing and other objects and features 

of the invention will be appreciated from the de 
tailed discussion of certain embodiments thereof 
that follows, reference being had to the accom 
ranying drawings wherein: 

Fig. 1 illustrates, partly in vertical section, a 
tube in accordance with the invention in a cir 
cuit which is shown schematically; 

Fig. 2 illustrates the storage element of the 
tube of Fig. 1 in cross-section, greatly enlarged, 
cooperating with an electron beam; 

Fig. 3 illustrates, partly in vertical section, an 
other tube constructed in accordance with the 
invention; 

Fig. 4 illustrates schematically an erasing cir 
cuit for the tube of Fig. 3; 

Fig. 5 illustrates schematically a writing cir 
cuit for the tube of Fig. 3; 

Fig. 6 illustrates schematically a reading cir 
cuit for the tube of Fig. 3; 

Fig. 7 is a diagrammatic view, greatly enlarged, 
illustrating the operation of the tube of Fig. 3; 

Fig. 8 illustrates, partly in vertical section, a 
third tube in accordance with the invention; 

Fig. 9 illustrates schematically a writing and/or 
erasing circuit for the tube of Fig. 8: 

Fig. 10 illustrates a reading circuit for the tube 
of Fig. 8; and, 

Fig. 11 illustrates a modification of the tube 
'of Fig. 8. 

In general, the present invention contemplates 
the employment of a perforated conducting screen 
electrode which is coated on one side with a non 
conductive material functioning as a storage ele 
ment, Writing being accomplished by scanning 
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the dielectric coated side of the screen, and read 
ing being accomplished by scanning the uncoated 
side of the screen. Such a screen electrode, as 
employed herein, may also be termed a "target.' 
The charge pattern on the coated side of the 
screen determines the current that flows to a 
collector electrode which is suitably positioned 
with relation to the storage Screen. The charge 
pattern controls the passage to the collector 
electrode of secondary electrons formed when a 
high voltage reading beam strikes the uncoated 
side of the screen, or of a low voltage reading 
beam directly. 

Referring now to Fig. 1, the tube there shown 
comprises an envelope 0 of glass, or the like, 
having at the right hand end a first electron 
gun which is employed for writing and erasing 
purposes, and at the left hand end a second elec 
tron gun 2, which is employed for reading pur 
poses. The first gun if includes a cathode 3, 
a control grid 4 and a focusing and accelerating 
anode 5. A deflection coil system 6 is suit 
ably placed around the neck of the tube at the 
right hand end to cooperate with the first gun 

. A high voltage accelerating and Scavenging 
electrode 7 is coated on the inside of the ena 
velope 0 in front of the first gun . This high 
voltage electrode may be made of a suspension 
of colloidal carbon known as "Aquadag.' 
The second electron gun 2 includes a cathode 

2, a control grid 22, and a focusing and accelerat 
ing anode 23. A second set of deflection coils 28 
is suitably disposed around the left hand end 
of the tube to cooperate with the second gun 2 
for the purpose of deflecting the beam produced 
thereby. A second high voltage and scavenging 
electrode 25 is coated on the inside of the en 
velope 0, covering substantially all the left hand 
half of the envelope in front of the second gun 
2. The Second high voltage electrode 25 is Con 

structed similarly to the first high voltage elec 
trode . 
A storage screen 26 is disposed transversely in 

the envelope O, at about the center portion 
thereof. This screen, which is shown greatly en 
larged in Fig. 2, comprises essentially a thin sheet 
of metal 27, which may, for example, be a nickel 
plate of a thickness 0.0005 inch, coated on one 
side With a dielectric 28 of similar thickness. 
The composition of the dielectric will be discussed 
in detail below. The plate 27 is provided with 
Square holes 30, of which there are about 400 
to the inch along the surface of the plate. Each 
hole 30 is initially about 0.0015 inch square, so 
that the uncoated screen is about 36 per cent 
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open. In the process of applying the dielectric 
coat 28, the holes 30 are reduced somewhat in 
size so that the finished storage screen 26 is 
about 28 per cent open. It has been found that 
a storage screen which is as low as 16 per cent 
open, corresponding to a hole size of 0.0010 inch 
square, can be employed satisfactorily. As is 
shown in Fig. 2, the size of the holes 30 and 
their spacing along the storage screen are such 
that an electron beam 33, impinging upon the 
storage screen, will simultaneously cover approxi 
mately six of the holes 30, when the beam has 
a diameter of approximately 0.020 inch. Such a 
beam is termed a "six-element beam. As will 
become apparent below, beams as narrow as: 
0.010 inch in diameter are suitable and desirable 
for use in tubes of the invention. Thebeam.that 
is illustrated in Fig. 2 is: so disposed with rela 
tion to the storage screen 26 that it may be con 
sidered to be a reading beam. 

Referring again to Fig. 1, a collector electrode 
35 is coated on the inside of the envelope O in 
the form of an annulus disposed between the 
storage screen 26 and the high voltage anode 7 
of the first gun f. The arrangement of ele 
ments is such that a charge pattern can be placed 
upon the dielectric coating 28 of the storage 
screen 26 by a beam from the first gun , and 
this storage pattern can influence the passage of 
electrons either primary or secondary originating 
from the reading beam of the second gun 2 to 
the collector electrode 35. Circuits for accom 
plishing the various desired functions of the tube 
will now be discussed. 

Erdising 

Erasing of any prior stored information or any 
prior stored charge pattern on the dielectric 28 
is accomplished by flooding the screen 26 with 
slow electrons from the first gun fl of a potential 
so low that the number of sc3ondary electrons 
leaving the screen is fewer than the number of 
primary electrons arriving thereat. As is well 
known, when electrons strike a body, be it con 
ductive or non-conductive, secondary electrons 
are caused to be emitted from the body. De 
pending upon the velocity with which the strik 
ing electrons, known as primary electrons, im 
pinge upon the body, the S&condary electrons will 
be either fewer or greater in number than the 
primary electrons, being greater in number when 
the velocity is high. There is a critical velocity 
at which equilibrium between the number of 
primary and secondary electrons existS. The 
voltage applied to accelerate the beam from the 
first gun for erasing purposes is sufficiently 
low So that electrons therein will impinge upon 
the dielectric 28 at a velocity below critical for 
the dielectric material. This voltage is fur 
nished, for example, by a battery 40 which is 
connected at its positive side to the two anodes 
5 and 7 of the first gun ff. The cathode 3 

of this gun is connected to the novable element 
4f of a three-position, single pole switch 42 of 
which one terminal 43 is the "erase' terminal. 
The erase terminal is connected to a movable 
tap 44 on the battary 40, which tap is adjusted 
to choose the required accelerating potential for 
the erase beam. Erasure is effected by operating 
the switch 42 to the erase position and scanning 
the beam from the first gun repeatedly over 
the dielectric 28 of the storage Screen 26 until 
a sufficiently uniform nagative charge is placed 
thereon. The negative charge that results will 

O 

4. 
approach that of the cathode 3 with respect to 
the applied potential accelerating the erase beam. 
It is desirable to charge the dielectric side 28 
of the storage screen 26 to a uniform negative 
potential of approximately 50 volts with respect 
to the collector electrode 35. 

Writing 

it will be assumed that the dielectric side of 
the storage screen 26 is charged to a uniform 
negative potential of the order of 50 volts with 
respect to the collector 35. Writing is accom 
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plished by scanning the dielectric side of the 
Screen 26 with a moderately high velocity elec 
tron beam, the velocity of which is sufficient 
so that the beam, when striking the dielectric 
28, generates secondary electrons greater in 
number than the primary electrons. With such 
a velocity, the number of Secondary electrons 
leaving an area under the beam will be greater 
than the number arriving, so that the area will 
become charged in a positive direction in propor 
tion to the number of primary electrons striking 
the area. The secondary electrons will go to the 
collector 35 and anode coating 7 of the tube. 
Primary electrons passing through the screen 26 
will be collected by the anode coating 25 of the 
second gun f2. The storage screen 26 is main 
tained positive in potential with respect to the 
anode coatings 7 and 25, and the collector 35 is 
maintained positive with respect to the screen. 
By the action of Scanning and modulation of the 
Writing beam intensity, a charge pattern is placed 
upon the dielectric surface 28 varying in intensity 
in accordance with the modulation. When the 
Writing beam is cut off, the charge pattern re 
mains, as there is no Source of electrons to re 
move the charge. 
The various required potentials can be fur 

nished by any suitable means, for example, the 
battery 40 furnishes the accelerating potential 
for the writing beam when the full voltage there 
of is applied between the cathode 3 and the 
high voltage anode T. To this end the Switch 
42 is provided with a second Selection terminal 
46 which is connected to the negative end of 
the battery 40, and is employed as the "write' 
terminal of the switch. For writing, the switch 
42 is operated to the write position. The screen 
26 is made more positive than the anode coat 
ing by a second battery 47, and the collector 
35 is made more positive than the screen 26 by 
a third battery 48. Modulation of the intensity 
of the b3am of the first gun if during writing 
is accomplished by means of a write input cir 
cuit 50, shown in block form, connected between 
the cathode 3 and the control grid f4 of the 
gun. A bias battery 5f provides an initial neg 
ative bias which is overcome or aided by the 
write input circuit to modulate the beam. 

Reading 

Once a charge pattern is placed upon the di 
electric 28 of the screen 26, it can be read by 
Scanning the uninsulated side 27 of the screen 
with an electron beam. The reading beam is 
furnished by the second gun f2 and can be ar 
ranged to provide a high voltage or low voltage 
beam, either above or below the critical velocity 
potential for the metal 27, as desired. If a high 
voltage beam is employed, those electrons which 
pass through the screen, shown more clearly in 
Fig. 2, travel at sufficiently high velocity to be 
collected by the coating anode 7 of the first 
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gun , while those which impinge, upon the 
metal 27 cause the emission of secondary elec 
trons. The metal 2 is connected in a circuit 
with the gun 2, so that no change in potential 
of the metal occurs thereby. The metal. 27 of 
the screen 26 is maintained positive with rela 
tion to the anode coating 25 of the Second gun 
2, and the collector electrode 35 is maintained 

positive with respect to the metal 27 of the Screen 
26. Accordingly, the secondary... electrons are and calcium tungstate. 

10 
attracted to the collector electrode 35 rather 
than to the anode coating 25 of the Second gun 
2. The charge existing around each of the 
holes 30 by virtue of the charge pattern on the 
dielectric 28 governs the number of scondary 5 
electrons that pass through each hole 30 to the 3 
collector electrode 35. Recalling that the di 
electric 28 was originally charged to a potential 
approximately 50 volts negative with respcct to 
the collector 35, it will b2 appreciated that with 
properly selectica potential differences between 
the anode coating 25, the metal 27, and the 
collector 35, this charge in itself can be sufficient 
to prevent the passage of any secondary elec 
trons through the holes 30. Thus the presence 
of positive charges in varying numbers around 
the various holes 30 governs the passage of S3c 
ondary electrons through the holes 30 to the 
collector 35 in accordance with the amount of 
such charge. This, in turn, is in accordance 
with the modulation placed upon the Writing 
beam by the write input circuit 50. The current 
that flows in this manner to the collector 35 flows 
also through a load resistor 53, across which the 
output signal is taken. The reading beam is 
scanned by the deflection coil system 24 of the 
second gun 2. 
A suitable potential for accelerating the read 

ing beam is provided by a battery 55 which is 
connected between the cathode 2 and the anodes 
23 and 25 of the second gun 2 by a read switch 
56 of the single-pole, double-throw variety. A 
suitable bias potential for the control grid 22 is 
furnished by a bias battery 57. The screen metal 
27 is made positive with respect to the anode 
25 of the second gun 2 by means of a Suitable 
battery 58. The battery 88 which is connected 
between the screen metal 27 and the Collector 
35, which is used in the write circuit, is also used 
in the read circuit. The read switch 55 has an 
off position at which it is operated during writ 
ing and erasing. The write switch 42 has a third 
terminal 45 at which it is operated to store an 
image, which is then available to be read when 
desired. 
By lowering the potential of the battery 55 

below the value required to provide the electrons 
in the beam of the second gun f2 with critical 
velocity or above, a slow beam is provided. With 
this beam, those electrons which strike the metal 
27 are absorbed by the screen 26 and returned to 
the cathode 2. Those electrons which tend to 
pass through the holes 30 are influenced at each 
hole by the charge pattern existing around the 
hole on the dielectric 28, so that the number of 
primary electrons passing through each hole 
varies in accordance with this charge pattern. 
Since the collector electrode 35 is the most posi 
tive element in the tube, the slow electrons are 
attracted to it and provide the output current 
in the resistor 53. 
The dielectric material 28 may be any suitable 

dielectric material which can be placed upon the 
perforated plate 27 without completely filling 
the holes 30. Since, as has been pointed out 
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above, the dielectrie material will, in practice, 
almost always tend at least partly to clog the 
holes, the metal plate 27 should be constructed 
initially with the largest practicable holes 36 to 
minimize the effect of such clogging. Satisfac 
tory results have been obtained with calcium 
fluoride, barium fluoride, and lithium fluoride as 
dielectric materials, as well as magnesium oxide 

The fluorides may be 
coated on the metal plate 27 by evaporation in 
a vacuum, calcium tungstate cataphoretically, 
and magnesium oxide by Smoke precipitation in 
side an enclosed chimney. These procedures 
have been found to yield uniform coatings with 
out too seriously reducing the hole size. 
Performance tests made with storage screens 

constructed as set forth above have yielded the 
following information. If a stored image be 
read at the rate of 30 frames per second, the 
Scanning thereof being performed as in televi 
sion, an image stored on a magnesium oxide 
Screen will be found to persist for a time greater 
than ten minutes which corresponds to the re 
tention of a stored signal for more than 18,000 
readings. The same stored signal is retained for 
more than sixteen hours with the reading beam 
turned off. Under similar reading circumstances, 
a calcium fluoride screen was found to have a 
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holding time greater than fifteen minutes, a 
lithium fluoride screen not more than fifteen 
minutes, and a barium fluoride screen less than 
One-tenth of a second. 
The resolving power of the foregoing screens 

in a tube of the present invention is found to be 
substantially higher than that of prior known 
storage tubes. The resolving power of tubes of 
the invention was measured by writing an image 
made up of a series or group of dot elements on 
the storage surface and reading out the stored 
image on a monitor. The number of dots per 
inch placed upon the storage screen by the writ 
ing beam was made initially few, and increased 
for Successive writings until further increase 
showed a noticeable deterioration of the moni 

, tor image. With the magnesium oxide dielectric 
coating, the resolving power for read-o: it was 
measured in this way to be forty dots per inch 
on the storage screen. Using a writing beam 
which is 0.020 inch in diameter, it is possible to 
write fifty dots per inch on the storage screen; 
that is, the electron Spot size is fifty dots per 
inch. Therefore, the resolving power for read 
out with the magnesium oxide Screen is 80 per 
cent of the theoretical maximum permitted by 
the reading electron gun. Similar tests showed 
that the calcium fluoride screen was 58 per cent 
efficient in this manner and the lithium fluoride 
screen 74 per cent efficient. 
The writing speed that can be obtained with 

storage screens constructed as set forth above 
was measured by means of a sine wave oscillator 
applied to deflect the writing beam in one di 
rection and a single synchronized pulse to de 
flect the writing beam at right angles thereto. 
The resulting trace was then examined by read 
ing out on the monitor. The oscillation fre 
quency or amplitude, or both, were increased be 
tween successive writings (with erasure between 
writings) until the trace showed indications of 
thinning at the center. The writing speed at the 
center of the trace for this condition is taken as 
the maximum or saturation writing speed for the 
tube. Increase in writing speed beyond this point 
causes a dimmer trace rather than a disappear 
ance of the trace, for the reason that in the tubes 
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of this invention the stored image has a con 
tinuous dynamic range. In this manner a Sat 
uration writing speed of 0.78 kilometer per Sec 
ond was measured for a 3.2 microampere bean 
current, using a magnesium oxide screen. The 
critical potential for this screen was estimated 
to be 75 volts. The writing speed of calcium 
fluoride and lithium fluoride screens was found 
to be less than this value. 

Referring now to Fig. 3, another tube con 
structed in accordance with the invention is there 
shown, wherein reading and Writing are accom 
plished with one and the same electron gun, 
while erasure is accomplished by a second flood 
gun, the beam of which does not have to be 
scanned. This tube comprises an envelope 60, 
of glass or the like, having in the right-hand 
end a reading and writing gun 6, and in the 
left-hand end an erasing gun 62. The reading 
and writing gun 6 is provided with deflection 
coil means 63 and a coated anode 64 inside the 
envelope 60 in the right-hand portion thereof. 
The coated anode 64 is provided with a termi 
nal 65 imbedded in the glass of the envelope and 
in electrical contact with the anode 64. . This 
terminal 65 is conveniently termed a "button 
terminal' because of its button-like appearance. 
The storage screen (not shown) is mounted in a 
ring 67 which is supported upon-studs 68 and 69, 
of which the latter is electrically connected to 
a button terminal 70, which is, in turn, mounted 
in and through the envelope 60. The stud .69 
has fastened thereto an insulation bead 72, while 
the other stud 68 has fastened thereto a Second 
insulating bead 73. A second ring 74, having two 
mounting studs T5 and 76, is supported in the 
beads 72 and 73 by these Studs in parallel rela 
tion to the first ring 67. The second stud 76 
makes electrical contact with a button terminal 
78 mounted in and through the envelope 60 in 
approximately diametric opposition to the button 
terminal 70 of the storage Screen ring 67. A 
metallic screen 80 of the order of 100 mesh, 85 
per cent open, is stretched tightly across the 
opening in the second ring 74, nearest the first 
ring 67. The storage screen which is mounted in 
the first ring 6 has its dielectric Surface facing 
toward the metallic screen 80. 
The fiood gun 62 includes a cathode 82, a con 

trol grid 83, and an accelerating anode 84, hav 
ing terminals 85, 86 and 87 passing through the 
left-hand wall 88 of the tube for the purpose of 
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8 
its positive terminal to the coated anode 90, 
the collector electrode 92, and the metallic Screen 
80 together. A variable tap 96 on the battery 
95 is connected to the metallic screen 27 of the 
storage screen 26. The potential furnished by 
the battery."95 is sufficient to accelerate electrons 
toward the storage surface 28 with a somewhat 
high voltage, which is reduced to a voltage below 
the critical value by the potential furnished to 
the metal 27 of the storage screen 26 via the 
tap 96 on the battery 95, whereby the metal 27 
is made negative with respect to the metallic 
screen 80, collector electrode 92, and coated anode 
90. The beam from the electron gun 62 is a 
broad beam covering the entire storage surface 
28, and imparts electrons to the storage surface 
until the charge thereon closely approaches the 
potential of the cathode 82. This action is simi 
lar to the erasing action described above in con 
nection with Fig. 1. - 

Writing 
The circuit shown in Fig. 5 is suitable for use 

in writing. A battery 9 is connected at its nega 
tive end to the cathode 98 of the reading and 
Writing. gun 6, and at its positive end to the 
coated anode 64 of said gun and the metal 27 of 
the storage screen 26 together. The potential 
furnished by the battery 97 is above the critical 
voltage for the dielectric material 28. The metal 
lic screen 80 and the collector electrode 92 are 

35 
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making electrical connections thereto. This gun 
may be of the kind shown and described in co 
pending application, Serial No. 775,291, filed Sep 
tember 20, 1947. A coated anode 90 is provided 
for this gun on the inside of the envelope 60 in 
the left-hand portion thereof, this anode having 
a button terminal 9 mounted on the wall of the 
envelope.. A collector electrode 92, annular in 
form like the collector electrode 35 in Fig. 1, 
is coated inside the envelope 60 between the eras 
ing gun, coated anode 90, and the metallic Screen 
80. This collector electrode is likewise provided 
with an electrical connection in the form of a 
button terminal 93. 
The tube shown in Fig. 3 can be erased, writ 

ten upon, and read in similar fashion to that 
shown in Fig. 1. 

Erasing 

55 

dashed line 06. 
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. For erasing the storage surface of the screen 
26, the circuit shown in Fig. 4 is suitable. A 
battery 95 is connected at its negative terminal 
to the cathode 82 of the erasing gun 62, and at 75 

made negative with respect to the Cathode 98 
by means of an auxiliary battery 10. A bias 
battery 02 is connected between the cathode 98 
and the control grid 99 of the reading and writ 
ing gun 6, via the write input circuit 58. De 
flection coil means 03 serve to deflect the beam 
04 furnished by the gun 6, and thereby scan 

it over the storage screen 26. No connections 
are made to the erase gun or its coated anode 90 
in Fig. 5. The metallic screen 80 is sufficiently 
negative with respect to the metal 2 of the stor 
age screen 26 so that electrons of the beam 104, 
which pass through apertures 30 in the storage 
screen 26, are turned back and strike the di 
electric material 28. For this reason, the metal 
lic screen 80 is termed an “electron mirror.” 

Referring now to Fig. 7, the operation of the 
electron mirror will be explained in detail. In 
Fig. 7, only those parts which are necessary to 
explain the action of the electron mirror are 
shown, and these are shown greatly enlarged and 
in simplified form. However, the parts shown 
bear the same reference characters as the corre 
sponding parts in Fig. 5. The path of a single 
electron passing from the cathccde 98 through a 
hole 3 in the storage screen 26 is shown by a 

The electron passes through a 
hole 30 and is carried by its momentum toward 
the electron mirror 80, which, however, exerts, a 
retarding force upon the moving electron. Lo 
cated between the stcrage screen 26 and the elec 
tron mirror 80 there is a plane of zero potential, 
represented by a dashed line A-A, at which the 
moving electron is stopped and turned about, and 
accelerated back towards the storage screen 26. 
The path of the electron, after entering the region 
between the storage screen 26 and the electron 
mirror 80, is very much like the trajectory of a 
projectile being hurled through the earth's at 
mosphere from one point on the earth to another 
with constant hori contal velocity and an initial 
upward velogity Vo which is thereafter reduced 
to zero and reversed by the constant force of 
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gravity. The electron then strikes the dielectric 
28 at a point B with a velocity above critical for 
the dielectric, and causes secondary electrons to 
emerge. Since the velocity of the primary elec 
tron upon striking is greater than the critical 
velocity, two secondary electron paths are shown 
to indicate more secondary electrons than pri 
mary electrons as a result of the striking. One 
secondary electron path to 7 is shown in dotted 
line, while the other, 08, is a dot-dashed line. 
The secondary electrons are repelled by the elec 
tron mirror 80 and attracted by the metal 2 of 
the storage screen 26 and by the coated anode 64 
of the read-Write gun 6. As a result, the point 
Bat which the primary electron struck, the di 
electric material 28 becomes more positive, as 
happens in the operation described above in Con 
nection with Fig. 1. It will be appreciated that 
writing has been accomplished by scanning the 
dielectric side of the sorage screen 26 with a 
Writing beam, just as is done in Fig. 1. However, 
the writing gun is located on the conductive side 
of the storage screen 26, and the beam is caused 
to reach the dielectric side by means of an elec 
tron mirror 80. Secondary electrons, which are 
emitted from the conductive side 27 of the storage 
screen 26, are captured by either the conductive 
metal 27 or the coated anode 64. By this con 
struction, the same gun 6 can be used for Writ 
ing as well as for reading. 

Redding 

The reading function of the tube of Fig. 3 Can 
be performed with the circuit shown in Fig. 6. 
This circuit closely resembles that of Fig. 1 for 
reading. A battery if f is connected at its nega 
tive end to the cathode 98 of the read-write gun 
6, and at its positive end to the electron mirror 
80 and the two coated anodes 64 and 90 to there 
by produce a beam 2 of any velocity desired, 
the velocity being governed by the voltage of the 
battery. The metal 27 of the storage screen 26 
is made more positive than the electron mirror 
80-and the two coated anodes 90 and 64 by means 
of a battery 3, while the collector electrode 92 
is made still more positive by means of still an 
other battery 3. The last battery 4 is con 
nected at its negative terminal to the metal 27 of 
the Screen electrode 26 and at its positive ter 
minal to the collector electrode 92 via a resistor 

5. The output signal upon reading is taken 
across this resistor. 
As has been mentioned above, reading of the 

charge pattern can be accomplished in two ways, 
either by direct modulation of the electron bean 
2 with the charge pattern, or by modulation of 

a cloud of secondary electrons created by the 
beam 2 at the storage Screen 26. Primary 
electrons which strike the conductive metal 2 
cause the emission of secondary electrons there 
from, which are now attracted to the collector 
electrode 92. The flow of Secondary electrons to 
the collector electrode 92 through the holes 30 is 
governed by the potential of the electron mirror 
80, which is not sufficiently great to cut off their 
flow, and by the charge on the dielectric 28 at 
the hole 30 through which a particular electron 
seeks to pass. The more positive the stored 
charge is, the greater will be the flow of second 
ary electrons through a particular hole 30 to the 
collector electrode 92. Thus, as in Fig. 1, with a 
reading beam of constant intensity and under the 
action of Scanning, controlled by the deflection 
coil means 03, a current flows in the resistor 5 

O 
in accordance with the charge pattern on the 
storage Screen 26. 
When electrons of the beam 2 approach the 

screen 26 at sufficiently low velocity so that the 
charge pattern can have a modulating effect on 
them, primary electrons passing through the 
holes 3) in the storage screen 26 are modulated 
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or governed in quantity in the Same manner as 
are secondary electrons as described immediately 
above. 

Referring now to Fig. 8, an embodiment of the 
invention is there shown wherein a single gun 

is employed for reading, writing, and erasing. 
This tube employs a storage screen and metallic 
Screen assembly similar in many respects to that 
shown in Fig. 3. Accordingly, like parts of this 
assembly have like reference characters in both 
Figs. 3 and 8. However, the metallic screen 80 is 
nearer to the gun 7 than is the ring 67 of the 
Storage Screen 26. The dielectric side of the stor 
age screen 25 faces away from the gun f 7, as is 
indicated in Figs, 9 and 10. A coated anode 9 
is provided inside the envelope 20, being disposed 
between the metallic screen 80 and the gun . 
Deflection coil means 8 are provided for the 
gun. As Will be explained below, the metallic 
screen 80 is employed as an element of the anode 
9 in the present embodiment, and not as an 

electron mirror. In its place, a coated electron 
mirror 2 is provided on the interior of the wall 
of the tube opposite the end of the gun . But 
ton terminals 22 and 23 are provided for the 
coated electron mirror 2 and the coated anode 

9, respectively. 

Erasing 

Erasing in the embodiment of Fig. 8 is accom 
plished in the following manner. As shown in 
Fig. 9, a battery 26 is connected at its negative 
terminal to the cathode 2 of the gun , and 
at its positive terminal to the metallic Screen 
80 and the coated anode 9 together. A now 
able tap 25 on the battery 26 is connected 
to the metal 27 of the storage screen 26. A sec 
ond battery 24 is connected at its positive ter 
minal to the cathode 2 and a its negative ter 
minal to the electron mirror 2. The beam 
furnished by the gun 7 is provided with an 
initial potential by the battery 26, which is 
above critical for the dielectric material 28, but 
which is reduced below critical by setting the 
movable tap 25 sufficiently close to the negative 
terminal of the battery 26. With the proper 
setting, electrons, traveling at below the critical 
velocity for the dielectric material 28, enter the 
region between the storage screen 26 and the 
electron mirror 2, are turned about, and strike 
the dielectric material 28 at a voltage below criti 
cal, thereby in parting a negative charge to the 
dielectric material. By suitable scanning, this 
negative charge is made uniform throughout, and 
the storage screen 26 is thereby erased to a uni 
form negative potential level. 

Writing 

Writing is accomplished with the circuit of 
Fig. 9, with the sole change that the tap 25 
is moved Sufficiently near the positive terminal 
of the battery 26, so that electrons which en 
ter the region between the storage screen 26 
and the electron mirror 12 are turned about 
and Strike the dielectric material 28 with a volt 
age greater than critical. Secondary electrons, 
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which are thereby emitted, are attracted by the 
metallic screen 80 and the coated anode 9. 
The function of the metallic screen 80 in this 
case is to provide a uniform attracting field 
parallel to the storage Screen 26, which is not 
provided by the coated anode 9 alone. Sec 
ondary electrons which are emitted by the strik 
ing of the beam against the metal 21 are like 
wise attracted by the metallic screen 80 and 
the coated anode 9. In this manner, writing 
produces a pattern of positive charges as in the 
other embodiments of the invention. 

Reading 

Reading is accomplished with a circuit like 
that shown in Fig. 10. A battery 30 is con 
nected at its negative terminal to the cathode 
27, and at its positive terminal to the electron 
mirror 2, via a load resistor 35, the electron 
mirror in this case functioning as a collector 
electrode. The metallic screen 80 and the coated 
anode 9 are together connected to a novable 
tap 32 on the battery 30. The metal 2 of 
the storage screen 26 is connected to a second 
movable tap 3 on the battery 30, which is 
maintained nearer the negative end of the bat 
tery than the first tap 32. The potential for 
accelerating the reading beam is determined by 
the Setting of the first tap 32. The setting of 
the Second tap 3 determines a deceleration 
potential to be applied to the beam. It is pref 
erable to employ a fast beam initially in the 
interests of good resolving power, and to de 
celerate this beam at the storage screen in order 
that the charge pattern on the storage screen 
may control the flow therethrough of slow elec 
trons to the collector 2. The current in the 
collector 2 flows through the resistor 35 across 
which the output is taken. 
The foregoing considerations of the operation 

of the various embodiments of the invention 
have been confined to erasure of the type which 
produces negative charge, and writing of the 
type which produces positive charge. It is pos 
sible, by Sufficiently accelerating the erasing beam 
to provide erasure which produces a positive 
charge. 
trons produced by the first gun from the di 
electric material 28 would be collected by the 
coated anode 7 and by the collector anode 35. 
Thereafter, writing with a beam of lower ve 
locity than critical would add charges to the 
Screen and produce a negative charge pattern. 
The charge pattern on the storage screen 26 
would then operate upon a reading beam in the 
Same manner as described above, producing, how 
ever, an image which is photographically nega 
tive with respect to the image produced when 
Writing is positive on a negative screen, 

It will be appreciated by those skilled in the 
art that similar operation of the other embodi 
ments of the invention can be had. For example, 
in Fig. 4, if the electrons from the gun 62 are 
sufficiently fast, secondary electrons will emerge 
from the dielectric 28 and will be collected at 
the positive terminal of the battery 95, thereby 
charging the dielectric 28 positively for erasure 
purposes. Then in Fig. 5, if writing is with a 
sufficiently slow beam, the electrons which are 
turned about by the electron mirror 80 will ac 
cumulate on the dielectric 28 and produce a 
negative charge pattern. 

In the embodiments of Figs. 3 and 8, it is pos 

In this case in Fig. 1, secondary elec 

12 
the recorded charge pattern, for the same gun 
is used in each embodiment to provide both the 
writing and reading electron beams. With track 
ing of this kind, it is further possible to return 
to a particular portion of the recorded charge 
pattern on the screen 26 to sample the informa 
tion stored therein, without the necessity of ex 
amining the entire charge pattern. 
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If it is desired to enable an observer to view 
a charge pattern that is being read, the coated 
electrode 2 in the embodiment of Fig. 8 may 
be made in two layers, as shown in Fig.11. One 
layer is a thin film 4 of platinum in contact 
with the envelope 20 and the other layer 42 
is a fluorescent material. The platinum film 

is normally evaporated onto the envelope 
end wall and is maintained sufficiently thin so 
that it is only about 20 per cent opaque, while 
the fluorescent material f42 is deposited on the 
platinum. The reading beam impinging on the 
fluorescent material will then cause visible emis 
sion therefrom, which will be visible through 
the platinum film. Electrons will penetrate the 
fluorescent film and arrive at the platinum film 
which then functions as a collector electrode. 
The platinum film also functions as an electron 
mirror in the circuit of Fig. 9. 
Many other variations and modifications will 

occur to those skilled in the art, and it is there 
fore intended that the claims that follow shall 
not be limited by the details of any of the em 
bodiments shown and described herein, but only 
by the prior art. 
What is claimed is: 
1. In an electronic charge storage device, a 

perforated storage target having an electrically 
conductive side and a dielectric side, means pro 
viding an electron beam for scanning said di 
electric side, to produce a charge pattern thereon, 
and means providing an electron beam to scan 
said conductive side. 

2. In an electronic charge storage device, a 
perforated Storage target having an electrically 
conductive side and a dielectric side, means pro 
viding an electron beam for scanning said di 
electric side, means for modulating, said beam 
during Scanning, and means providing an elec 
tron beam to scan said conductive side. 

3. In an electronic charge storage device, a 
charge storage target having an electrically con 
ductive side and a dielectric side, a plurality of 
apertures through said target Substantially uni 
formly distributed over the surface thereof, 
means providing an electron beam for Scanning 
said dielectric side, said beam being of sufficient 
width simultaneously to include several of said 
apertures, and means providing an electron beam 
to scan said conductive side. 

4. In an electronic charge storage device, a 
charge storage target having an electrically con 
ductive side and a dielectric side, a plurality of 
apertures through said target Substantially uni 
formly distributed over the surface thereof, 
means providing an electron beam for scanning 
said dielectric side, said beam being of sufficient 
width simultaneously to include several of said 
apertures, and means providing an electron 
beam having a width of the same order of mag 
nitude as the first-mentioned beam to scan said 
conductive side. 

5. In an electronic charge storage device, a 
perforated storage target having an electrically 
conductive side and a dielectric side, means 
providing an electron beam for scanning said 

sible to employ element-by-element tracking of 75 conductive side, and means to cause an electron. 
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of said beam which passes through said target 
to alter its course and impinge upon said di 
electric side. 

6. In an electronic charge storage device, a 
perforated storage target having an electrically 
conductive side and a dielectric side, means pro 
viding an electron beam for scanning said con 
ductive side, and means to cause an electron 
of said beam which passes through said target 
substantially to reverse its course and impinge 
upon said dielectric side near the region of pass 
ing through. 

7. In an electronic charge storage device, a 
perforated storage target having an electrically 
conductive side and a dielectric side, means pro 
viding an electron beam for scanning said di 
electric side, to produce a charge pattern thereon, 
means providing an electron beam to Scan said 
conductive side, and means for providing a uni 
form charge of a desired polarity to said dielec 
tric side. 

8. In an electronic charge storage device, a 
perforated storage target having an electrically 
conductive side and a dielectric side, means pro 
viding an electron beam for scanning said di 
electric side, to produce a charge pattern thereon, 
means providing an electron beam to Scan said 
conductive side, and means for Scanning said 
dielectric side with an electron beam substantially 
uniformly over the entire area, thereof. 

9. In an electronic charge Storage device, a 
perforated storage target having an electrically 
conductive side and a dielectric Side, means pro 
viding an electron beam for Scanning Said di 
electric side, to produce a charge pattern there 
on, means providing an electron beam to Scan 
Said conductive side, and means providing a 
beam of electrons of sufficient width to cover 
substantially the entire area of said dielectric 
Side. 

10. In an electronic charge storage device, a 
perforated storage target having an electrically 
conductive side and a dielectric side, means for 
causing electrons to impinge on said dielectric 
side substantially uniformly throughout the area 
thereof, means providing an electron beam for 
scanning said dielectric side, and means provid 
ing an electron beam to Scan said conductive 
Side. 

11. In an electronic charge storage device, a 
perforated storage target having an electrically 
conductive side and a dielectric side, means for 
causing electrons to impinge on said dielectric 
side substantially uniformly throughout the area 
thereof and with a velocity below the critical 
velocity for the dielectric material, means pro 
viding an electron beam with a velocity above 
said critical velocity for Scanning Said dielectric 
side, and means providing an electron beam to 
Scan said conductive side. 

12. In an electronic charge storage device, a 
perforated storage target having an electrically 
conductive side and a dielectric side, means for 
causing electrons to impinge on Said dielectric 
side substantially uniformly throughout the area. 
thereof and with a velocity on one side of the 
critical velocity for the dielectric material, 
means providing an electron beam with a ve 
locity on the other side of said critical velocity 
for scanning said dielectric side, and means pro 
viding an electron beam to Scan Said conductive 
side. 

13. An electronic charge storage device con 
prising a perforated Storage target having an 
electrically conductive side and a dielectric side, 
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4. 
a first electron gun disposed to said conductive 
side, an a second electron gun disposed to Said 
dielectric side, and an apertured electrically 
conductive planar member adapted to use as an 
electron mirror disposed between said second gun 
and Said dielectric side. 

14. An electronic charge storage device com 
prising a perforated storage target having an 
electrically conductive side and a dielectric side, 
an electron gun disposed to said conductive side, 
and an electron mirror disposed to said dielec 
tric Side. - 

15. An electronic charge storage device con 
prising a perforated storage target having an 
electrically conductive side and a dielectric side, 
an electron gun disposed to said conductive side, 
and a conductive plate lying in a plane parallel 
to that of said target to said dielectric side. 

16. An electronic charge Storage device com 
prising a perforated Storage target having a Con 
ductive side and a dielectric side, a first electron 
gun disposed to said conductive side, a Second 
eiectron gun disposed to said dielectric Side, and 
a conductive Screen interposed between said di 
electric side and Said Second gun. 

17. In an electronic charge storage device, a 
perforated storage target having an electrically 
conductive side and a dielectric Side, means 
providing an electron beam for scanning Said 
dielectric side, to produce a charge pattern there 
on, means providing an electron beam to Scan 
said conductive side, and output signal collector 
means disposed to said dielectric Side. 

18. An electronic charge storage device Com 
prising a perforated Storage target having an 
electrically conductive side and a dielectric side, 
an electron gun disposed to said conductive side, 
a planar conductive element disposed to said di 
electric side parallel to Said Screen and of simi 
lar extent, and an annular electrode disposed 
between Said conductive element and Said tar 
get circumscribing but out of a direct path from 
said element to said target. 

19. An electronic charge storage device Com 
prising a perforated storage target having an 
electrically conductive side and a dielectric Side, 
an electron gun disposed to Said conductive side, 
and a conductive element disposed to Said dit 
electric side, said conductive element including 
a fluorescent material. 

20. An electronic charge storage device com 
prising a perforated storage target having an 
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electrically conductive side and a dielectric side, 
an electron gun disposed to said conductive side, 
and a conductive element disposed to said di 
electric side, Said conductive element being in 
the form of a layer of conductive material and 
a layer of fluorescent material. 

21. In an electronic charge storage device, a 
perforated Storage target having an electrically 
conductive side and a dielectric Side, means pro 
viding an electron beam adapted to scan Said 
conductive side, means to cause an electron of 
Said beam which passes through said target to 
alter its course and impinge upon said dielec 
tric side, and means on Said dielectric side 
adapted to provide a second beam of electrons 
of sufficient width to cover substantially the en 
tire area of Said dielectric side. 

22. An electronic charge Storage device com 
prising a perforated Storage target having a 
conductive side and a dielectric side, a first elec 
tron gun disposed to said conductive Side and 
arranged to provide a narrow electron beam, 
means for scanning said beam over Said Con 
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