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1. 

2,728,872 
RECT.V.EWANG STORAGE TUBE WITH CHAR 

ACTER WERTENG EECTRON GUN 

Henry M. Smith, Pacific Paisades, Calif., assignor, by 
aesae assignments, to Hughes Aircraft Company, a cor 

poration of Delaware 
Application October 23, 1953, Serial No. 387,984 

7 Claims. (Cl. 315-12) 

This invention relates to direct-viewing storage tubes 
and more particularly to a direct-viewing storage tube 
incorporating apparatus for producing an electron beam 
with a cross sectional area having the configuration of a 
desired information character for writing the character 
directly on the storage surface of the tube in a single 
operation. 
The storage tube of the present invention comprises 

means for producing a character Writing electron beam, a 
gun for producing flood electrons, a viewing screen, and a 
foraminous storage screen disposed adjacent to the view 
ing screen to control the flow of flood electrons to the 
storage screen. The character writing electron beam is 
produced by means which include a matrix mask of all 
the information characters that it is desired to reproduce. 
Further, an electron gun for producing an electron beam. 
of sufficient cross sectional area to cover one character 
of the matrix mask. Deflecting means are utilized to 
direct this electron beam through the aperture of the 
matrix mask having the configuration of the character that 
it is desired to reproduce. In this manner, certain electrons 
in the beam are intercepted so that the remaining cross 
section of the beam has the shape of the desired character. 

This electron beam is then directed by means of an 
electrostatic lens and deflecting means to the portion of 
the storage screen in register with the position on the 
viewing screen where it is desired to reproduce the charac 
ter. The high energy electrons of the beam produce a 
positive charge on the bombarded areas of the storage 
screen, which allows the flood electrons to pass through 
to the viewing screen to produce a continuous visual re 
production of the character thereon. 
The character writing electron beam of the disclosed 

tube constitutes a partially intercepted beam which has a 
cross section conforming to the configuration of the area 
of the character being reproduced. This results in an 
electron beam of relatively low density, making a storage 
screen with a fast writing speed desirable. A storage screen 
having this feature is incorporated in the tube of the 
present invention, and is described in a copending applica 
tion for patent Serial No. 299,363, entitled "Method and 
Apparatus for Utilizing Electron Bombardment Induced 
Surface Conductivity,' by Siegfried Hansen, filed July 
15, 1952. A storage screen of this type comprises a con 
trast control grid with a layer of dielectric material dis 
posed thereon, and a collector grid in contact with the di 
electric material wherein a storage surface is provided by 
the exposed surface of dielectric material. A potential 
gradient is maintained from the storage surface to the 
collector grid to effect charging of the storage surface by 
a means believed to be by electron bombardment induced 
conductivity. That is, when an area of the storage surface 
is bombarded by high energy electrons, a large number of 
electrons in the dielectric material are liberated from their 
molecular bonds and are attracted through the molecular 
matrix constituting the dielectric material to the collector 
grid by the potential gradient to produce a positive charge 
on the storage surface. In this manner, a writing speed 
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is realized that is several times faster than possible with 
conventional secondary electron emission storage screens. 

Apparatus capable of producing an electron beam hav 
ing a cross section in the form of a desired character to 
gether with means for selecting different characters is well 
known in the art. This apparatus, however, has normally 
been used in conventional cathode ray tubes with the 
resulting concomitant limitations. For example, if it is 
desired to read information directly from the viewing 
screen of the tube, it would be necessary to repeatedly 
excite the screen with the same information in order to 
obtain the persistence required. Also, if a photographic 
record were to be made, the sequential producing of each 
character with limited persistence would make it necessary 
for the lens of the camera to remain open during the en 
tire writing process. This long exposure would require 
that all extraneous sources of light be eliminated. 
The tube of the present invention, on the other hand, 

has none of these limitations. Information, once written 
on the screen of the storage tube remains until removed. 
Thus, a photographic record of all the information on the 
viewing screen may be made with a single short exposure 
and information could be read from the screen without 
successively exciting the screen with the same information. 
In addition to these advantages, the storage screen of the 
aforementioned type is capable of very fast writing speeds, 
making it particularly adaptable for use with the character 
writing electron beam which inherently has a compara 
tively low electron density. 

It is therefore an object of this invention to provide 
a cathode ray device for producing a sequence of visual 
characters for desired intervals of time, each character 
being produced by means of a discrete operation with an 
electron beam. 

Another object of this invention is to provide a direct 
viewing storage tube incorporating apparatus for pro 
ducing a character writing electron beam. 

Still another object of this invention is to provide a 
cathode ray tube device including a storage screen capable 
of fast writing speeds, together with apparatus for pro 
ducing a character writing electron beam. 
A further object of this invention is to provide a direct 

viewing storage tube with apparatus for producing a char 
acter writing electron beam comprising a matrix mask 
and an electrostatic lens for focusing the matrix mask on 
the storage screen of the tube. 
A still further object of this invention is to provide a 

direct-viewing storage tube with apparatus for producing 
a character Writing electron beam comprising a matrix 
mask and apparatus for directing the electron beam to a 
desired portion on the storage screen including an electro 
static lens for focusing the matrix mask on the storage 
screen whereby successive paths of the electronbeam cross. 
through a common line, and electron beam deflecting 
means having a center of deflection on said line. 
The novel features which are believed to be character 

istic of the invention, both as to its organization and 
method of operation, together with further objects and 
advantages thereof, will be better understood from the 
following description considered in connection with the 
accompanying drawings in which an embodiment of the 
invention is illustrated by way of example. It is to be 
expressly understood, however, that the drawings are for 
the purpose of illustration and description only, and are 
not intended as a definition of the limits of the invention. 

Fig. 1 illustrates a sectional view of an embodiment of 
the disclosed tube; 

Fig. 2 illustrates a plan view of the matrix mask in the 
apparatus for producing the character writing electron 
beam; 

Fig. 3 is a plan view of the storage screen in the tube 
of Fig. 1; and 
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Fig. 4 is a schematic diagram on the operation of the 
lens system of the tube of Fig. 1. - 

Referring to Fig. 1, there is shown an embodiment of 
the present invention comprising an evacuated envelope 10 
which in its enlarged right portion, as viewed in the figure, 
is a storage screen 12 and a viewing screen 14. Facing 
the storage screen 2 in the left portion of envelope 10 
as viewed in the figure, is a flood gun i6 and apparatus. 
for producing a character writing electron beam and 
directing it in a desired direction towards storage screen 
12. This apparatus comprises an electron gun 18 for 
generating an electron beam, a matrix mask 20 having 
apertures in the shape of the characters to be reproduced, 
and selection means. 22 for directing the electron bean 
through the aperture corresponding to the character to be 
reproduced. Subsequent to penetrating an aperture of 
the matrix mask 20, the electron, beam traverses an elec 
trostatic lens 24 and deflecting means 26 for directing ít 
in the desired direction towards storage screen 2. Al 
though a magnetic lens may be employed in lieu of elec 
trostatic lens 24, the electrostatic lens is preferred in that 
it does not rotate the electron beann. 

Electron gun E8, which produces the initial writing 
beam of electrons, comprises a cathode 36 with a heating 
element 32, an intensity grid 34, accelerating electrodes 
36, 38 and a focusing electrode 37. Heating element 32, 
one side of which may be connected to cathode 30 as 
shown, is connected across a source of potential Such as 
a battery 40. Cathode 30 is maintained at a potential 
of the order of -3000 volts with respect to ground by 
means of a connection to the negative terminal of a 
battery 42, the positive terminal of which is connected 
to ground. Intensity grid 34 is maintained at a Sufi 
ciently negative quiescent potential with respect to that 
f the cathode 39 so that the flow of stream electrons is 

entirely cut off. This is accomplished by a battery 43, 
providing a potential of the order of 2000 volts in series 
with a resistor 44 connected between cathode 30 and grid 
34? 
When it is desired to cause the electron stream to flow, 

the potential of intensity grid 34 is increased until it is 
only from 50 to 100 volts, negative relative to the poten 
tial of cathode 30. In the present case, this is accom 
plished by impressing a pulse of suitable amplitude gen 
erated by a pulse generator 45 on intensity grid 34 by 
means of a connection thereto from pulse generator 45 
through a capacitor 3. The duration of the pulse is for 
the time necessary to write one character on the storage 
screen 2. 

Electrodes 36,37 and 38 form an electrostatic lens sys 
tem for focusing the electron beam. Electrodes 36, 38 
are maintained at a potential of the order of 200 volts 
positive with respect to ground by means of a connection 
to a reference bus 39 which is maintained at the desired 
potential by suitable connections to a battery 4. An ad 
justable potential of the order of --800 volts relative to 
cathode 30 or -2200 volts with respect to ground is 
raintained on electrode 37 for focusing the electron beam. 
This is accomplished by means of a connection from the 
electrode 37 to an adjustable tap 46 of a potentiometer 
47 which is, in turn, connected across battery 42. 

Selection means 22, for directing the electron stream 
through the aperture corresponding to the character in 
matrix mask 20 to be reproduced, comprises vertical se 
lection plates 48 and horizontal selection plates 49. Ver 
tical and horizontal selection plates 48, 49 are maintained 
at a quiescent potential of --200 volts with respect to 
ground by means of a connection to reference bus 39 
through isolation resistors 50, 51 and 52, 53, respectively. 
Vertical selection piates 48 are energized by a vertical 
voltage generator 55 connected across isolation resistors 
58, 51. Similarly, horizontal selection plates 49 are ener 
gized by a horizontal voltage generator 54 connected 
across isolation resistors 52, 53. A control circuit 56, 
coupled to pulse generator 45 and generators 54, 55, is 
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4 
provided to first determine the vertical and horizontal 
voltages to be produced by generators 54, 55 in order to 
have selection means 22 direct the electron beam through 
the aperture corresponding to a desired character in matrix 
26 and, secondly, to trigger pulse generator 45 to cause 
the electron stream to flow through the aperture for a 
period of time required for the character to be written 
on the storage screen 12. It is preferred that there be no 
flow of beam electrons when changing from one aperture 
to another in the matrix 20 and further, that the electron 
beam does not flow for too long a period of time through 
a single aperture because of the possibility of damage to 
the storage screen i2. 
The matrix mask 20, a plan view of which is shown in 

Fig. 2, comprises a thin conductive electrode having an 
aperture in the shape of each character that it is desired 
to produce. Although the arrangement of the characters 
is entirely arbitrary, it is preferable that the most used 
characters be disposed in the center region of the mask 20 
in order that minimum deflection of the electron beam be 
required to direct it through the apertures of those most 
used characters. The electron beam, of course, must be 
of appropriate cross sectional area so as to completely 
cover only one aperture in the matrix at any one time. 
Illustrated in Fig. 2 is the matrix mask 20 with forty-five 
apertures shown by way of example. In the arrangement 
of characters shown, an E is disposed in the center posi 
tion where an undeflected electron beam would strike. 
The remaining characters are disposed at equal increments 
of horizontal and vertical deflection away from the E, as 
shown. 

Disposed about the path of the electron beam after it 
has penetrated through an aperture in the matrix mask 20 
are the electrostatic lens 24 and electron beam deflecting 
means 26. Lens 24 comprises annular electrodes 59, 60 
and 61, which are all of the same diameter and disposed 
as shown in the figure. Electrodes 59 and 6A are main 
tained at the potential of 200 volts positive with respect to 
ground by means of a connection to reference bus 39, 
while electrode 60 is maintained at an adjustable potential 
of the order of -1000 volts with respect to ground. This 
latter potential is impressed on electrode 60 by means of a 
connection to an adjustable contact 64 of a potentiometer 
65 which is, in turn, connected across a battery 66 which 
has its negative terminal connected to ground. The func 
tion of lens 24 is to bring the matrix 20 into focus at the 
Storage Screen 12 in such a manner that the electron beam 
always crosses over at the centers of deflection of electron 
bean deflecting means 26. That is, the various paths of 
the electron beam, Subsequent to passing through the aper 
tures of matrix 20, would cross over at the centers of de 
flection of deflecting means 26. It is apparent that the 
magnetic focusing. may also be used to focus the matrix 
mask 20 on the storage screen 2, and is considered to be 
within the scope of the present invention. A magnetic 
lens, however, as compared to the electrostatic lens 24 used 
in this application, has the disadvantage of causing the 
electron beam to rotate. In a comparatively strong mag 
netic field, individual characters may even be distorted due 
to Some portions rotating more than others. 
The electron beam deflecting means 26 comprise hori 

Zontal deflection plates 68 and vertical deflection plates 
70 disposed about the path of the electron beam, as shown. 
Horizontal and vertical deflection plates 68, 70 are main 
tained at a quiescent potential of 200 volts positive with 
respect to ground by means of connections to reference 
bus 39 through isolation resistors 72,73 and 74, 75, respec 
tively. Horizontal deflection plates 68 are energized by a 
horizontal deflection voltage generator 76 connected there 
to across isolation resistors 72,73 through capacitors 77, 
78. Similarly, vertical deflection plates 70 are energized 
by a vertical deflection voltage generator 80 connected 
thereto across isolation resistors 74, 75 through capacitors 
81,82. 
Flood gun 16, in conjunction with electrodes 95 and 96, 
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produces a broad beam of flood electrons that is directed 
uniformly over the entire area of storage screen 12. Flood 
gun 6 is disposed adjacent to one of the vertical deflec 
tion plates 70, and comprises a cathode 90 surrounded by 
an intensity grid 91 having a circular aperture in its cen 
ter portion and annular electrodes 92 and 93 disposed in 
succession in front of and concentrically about the aper 
ture in intensity grid 91. The cathode 90 is operated at 
ground potential by means of a connection thereto while 
intensity grid 9i is maintained at a potential of the order 
of 100 volts negative with respect to ground. The latter 
is accomplished by means of a connection from intensity 
grid 91 to an adjustable tap 97 of a potentiometer 98, 
which is connected across a battery 100, an intermediate 
point of which is connected to ground so that both posi 
tive and negative potentials are available from poten 
tionmeter 98. Electrode 93 is maintained at a potential of 
the order of --200 volts with respect to ground by means 
of a connection to reference bus 39 while electrode 92 is 
maintained at a potential of from 150 to 200 volts posi 
tive with respect to ground, depending upon the desired 
diameter of the beam of flood electrons. This potential 
is applied to electrode 92 by means of a connection there 
to from a tap 99 of potentiometer 98. 

Electrodes 95 and 96 are disposed concentrically about 
the inner periphery of envelope 10 in succession from ver 
tical deflection plates 70 to storage screen 12. These elec 
trodes 95, 96 are composed of a conductive coating, which 
may be provided, for example, by painting the envelope 
0 with a colloidal solution of carbon such as "Aquadag.' 
Electrode 95 is maintained at a potential of the order of 
--200 volts with respect to ground by means of a connec 
tion to reference bus 39. Electrode 96 is maintained at a 
potential of from 50 to 100 volts positive with respect to 
ground by means of a connection to an adjustable tap 103 
of a potentiometer 105 which is connected across a bat 
tery 06, an intermediate terminal of which is connected 
to ground. 

Disposed in the enlarged portion of envelope 10 oppo 
site to the flood gun 16 and the apparatus for producing 
the character writing electron beam are the storage screen 
2 and the viewing screen 14. Fig. 1 illustrates an en 
larged cross sectional view of the storage screen 12 which 
is disposed adjacent to and in front of the viewing screen 
14 so that it may control the flow of flood electrons 
thereto. Storage screen 12 comprises a screen grid 110 
which serves as a contrast control grid, a thin flat screen 
112 with an annular electrode 113 about its periphery to 
provide a collector grid, and a dielectric material 114 
disposed between contrast control grid 110 and the flat 
screen 12 whereby the exposed portions of the surface 
of the dielectric material 114 provide a storage surface. 
In accordance with the tentative theory of operation of 
the device, the dielectric material 114 used for this pur 
pose must exhibit induced conductivity and secondary 
electron emission characteristics when bombarded by 
electrons. An enlarged view of a portion of storage 
screen 12 showing the contrast control grid 110, flat screen 
112, and dielectric material 114, is illustrated in Fig. 3. 
As shown in this figure, one set of the parallel wires con 
stituting flat screen 112 is disposed at an angle of approxi 
mately 27.5 degrees relative to the sides of the rectangu 
lar openings of grid 110 in order to avoid the formation 
of a moire pattern by the flood electrons in passing 
through storage screen 12. 
A suitable material for contrast control grid 110, is, 

for example, an electroformed 40 percent transparent 
nickel screen having 250 openings per inch. The number 
of openings per inch, and other dimensions of the screen 
used for making contrast control grid 110 is not especially 
critical, the primary consideration determining the above 
parameters being the ultimate transparency of the screen 
to electrons, the field penetration required, and the ulti 
mate definition desired. The contrast control grid 10 
is supported by a metal frame 116 which also serves as a 
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6 
mechanical support for the remaining elements of storage 
screen 12. 

Applied directly on the contrast control grid 110 is 
dielectric material 114 which provides the storage surface. 
Dielectric material 114 must have a very high specific 
resistance and, as previously mentioned, must exhibit 
induced conductivity and secondary electron emission 
when subjected to bombardment by high energy incident 
electrons. The property of induced conductivity of a nor 
mally nonconducting dielectric material is brought about 
because of the matrix structure of solid material. The 
molecules composing the material form a matrix struc 
ture which occupies only a small fraction of its apparent 
volume. When bombarded by high energy electrons, 
large numbers of electrons are freed from their molecu 
lar bonds to constitute electrons raised to the conduction 
band energy level. These freed electrons are then at 
tracted through the molecular matrix of the material for 
a distance of the order of a fraction of a millimeter by 
means of a suitable potential gradient. A representative 
material that may be used for dielectric material 114 is, 
for example, talc. 
Mounted in contact with the exposed surface of dielec 

tric material 114 is the flat screen 112 which constitutes 
a thin flat metallic screen. This screen may be of an 
appropriate conducting material such as an evaporated 
aluminum, silver or gold mesh, having a thickness of the 
order of 10 to 30 millionths of an inch, a pitch of 0.010 
inch and a hole size of 0.008 inch by 0.008 inch. The 
exposed surface of the dielectric material 114 within the 
holes of flat screen 12 constitutes the storage surface of 
the storage screen 2. 

Contrast control grid 10 is maintained at an appro 
priate potential so as to regulate the flow of flood elec 
trons through storage screen 12 to viewing screen 14. 
This potential may be of the order of -10 volts with re 
Spect to ground, and is applied by means of a connection 
to an adjustable tap 104 of potentiometer 105. Flat 
screen i2 is maintained at a potential of the order of 
175 volts with respect to ground by means of a connec 
tion to a tap 102 of potentiometer 105. 
Viewing screen 14 is disposed adjacent to and behind 

storage screen 12 with respect to the electron beams. 
This screen is disposed on the inner surface at the end 
of the enlarged portion of envelope 10, and comprises a 
conductive transparent layer 20 and a thin fluorescent 
Screen 22. Conductive transparent layer 120 is disposed 
directly on the glass surface, and may be provided by a 
layer of stannous oxide. One method of forming this 
layer of stannous oxide on the glass is to expose it to the 
action of stannous chloride in the presence of oxygen. 
Various other viewing screen materials may be used, de 
pending on the desired characteristics. The construction 
of such viewing screen, however, is not critical for the 
purposes of this invention. Conductive layer 120 is main 
tained at a high positive potential so as to accelerate 
electrons passing through the interstices of storage screen 
12 to a sufficiently high velocity so that their kinetic 
energy will be converted to a desired amount of light at 
the time of impingement upon the viewing screen. This 
potential is applied by means of a connection to the posi 
tive terminal of a battery 124, the negative terminal of 
which is connected to ground. The magnitude of the 
potential provided by battery 124 may be of the order 
of from --5000 to --10,000 volts. 

In the operation of the character writing direct-view 
ing storage tube of the present invention, the horizontal 
and vertical voltage generators 54, 55, in response to con 
trol circuit 56, produce appropriate voltages which are 
impressed on selection plates 48, 49 for directing the path 
of the electron beam towards the aperture corresponding 
to the character in matrix mask 20 that it is desired to 
Write. The voltage applied to electrode 37 of the lens 
system provided by electrodes 36, 37 and 38, is adjusted 
by means of tap 46 of potentiometer 47 so that the elec 
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tron beam has a cross sectional area at the matrix mask 
20 to cover only one complete character. Upon passing 
through the matrix mask 20, beam electrons not directed 
through the aperture of the character to be written, are 
intercepted so that an electron beam is produced having 
a cross sectional area with the shape of the character. 

After passing through the matrix mask 20, the electron 
beam is directed to a predetermined portion of the storage 
screen 12 by means of the electrostatic lens 24 and electron 
beam defecting means 26. In order to explain more 
clearly the preferred manner in which this effected, ref 
erence is made to Fig. 4. This figure shows a schematic 
diagram of the matrix mask 20, electrostatic lens 24 in 
cluding electrodes 59, 60 and 65, vertical deflection plates 
70 and storage screen 2. Further, dashed lines 239 indi 
cate equipotential surfaces of the electrostatic lens 24 
and lines 32 represent Successive paths of the electron 
beam when acted upon by the lens only. The electrostatic 
lens 24 is preferably adjusted to focus the matrix mask 20 
on the storagic screen 2'. iii such i mammer that successive 
paths 132 of the electron beam cross over at a common 
point 134 in the plane shown. It is to be noted that the 
velocity of the electron beam may be increased after it 
has passed through the matrix mask 20, if desired, in order 
to minimize the divergence of the successive paths i32 
of the electron beam and thus aid in focusing the matrix 
mask 26 on the storage screen i2. This would also reduce 
the velocity at which the electrons are incident on the 
mask 20, thus considerably reducing the energy dissipated 
about the edges of the apertures. 
As shown in Fig. 4, the common point 34 is a distance 

a from the lens, and a distance b from the storage screen 
2. With this being the case, the apertures of matrix 
mask 26, focused on the storage screen 12, are magnified 
by an amount 

B 

In order to greatly simplify the directing of the electron. 
beam to predetermined portions of the Storage screen 2, 
the common point 34 should coincide with the center of 
defection of the vertical deflection piates 79. In this 
event, compensating voitages that are directly propor 
tional to the deflecting potentials impressed on the deflect 
ing plates 48 of selection means 22 may be applied to 
deflection plates 70 so that the beam may be directed to 
a predetermined portion of storage screen 12, irrespective 
of the character being presented. 

Normally, the different distance of horizontal deflection 
plates 49 from the lens 24 will cause the successive paths 
132 of the electron beam to cross over at points that form 
a locus which is spaced from common point i34. In the 
vertical plane shown, the locus of these points is indi 
cated by a dashed iine j.36 in Fig. 4. When this is the 
case, the center of deflection of the horizontal deflection 
plates 68 is made to fall on the line i36. Horizontai and 
vertical defection voltage generators 76, 80 generate 
voltages which are impressed on deflection plates 68 and 
70 to direct the electron beam to the particular portion of 
storage screen 2 on which it is desired to write the 
character. 

In order to Write on the storage Screen, it is necessary 
to maintain a potential gradient from the storage surface 
to the flat screen i2. This is effected by means of flood 
electrons produced by flood gui ié. Flood electrons are 
directed uniformiy over the entire storage surface to 
liberate fewer secondary electrons than incident primary 
electrons. In this manner, the storage surface is charged 
in a negative direction until it has reached the potential 
of the flood gun cathode 98. ihus, a potential gradient 
is produced from the storage surface provided by dielec 
tric material 14 to the fiat screen 12. 
When writing upon the storage surface, the character 

writing electron beam bombards an area of storage sur 
face having a shape similar to that of the aperture in 
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matrix mask 29 that it traversed. In accordance with the 
tentative theory of operation, the high energy electrons of 
the electron beam each liberate numerous additional elec 
trons from their molecular bonds in the molecular matrix 
comprising the dielectric material i4 which provides the 
Storage surface. These electrons are attracted through 
this molecular matrix to the flat screen 5:2 to charge the 
bombarded portion of the storage surface in a positive 
direction. 
storage surface, it is necessary that the initial charge 
effected by the writing beam be greater than the critical 
potential of the storage surface. The flood electrons then 
liberate more secondary electrons than incident primary 
electrons from the positive charged portions of the storage 
surface to charge these portions to the potential of the flat 
screen 12. The horizontal and vertical deflection voltage 
generators 76 and 80 successively move the electron beam 
from one portion to the next on the storage surface as the 
vertical and horizontal selection voltage generators 55 
and 54 direct the electron beim through the selected 
character apertures in the matrix mask 2 to write the 
characters in sequence across the storage screen 2. 
A visual image of the positively charged areas on thc 

storage surface is then produced on the viewing screen 
14 by the action of the flood electrons. The contrast 
control grid 110 is maintained at a sufficiently negative 
potential to prevent any field penetration from the high 
voltage of the viewing screen when the storage surface 
is at the potential of the flood gun cathode 90, thus caus 
ing the flood electrons to be repelled. When there is a 
positive charge on the storage surface, however, the 
potential of contrast control grid ili 9 is sufficiently posi 
tive so that there is field penetration from the viewing 
screen through the storage screen 12, thereby enabling 
the flood electrons to penetrate through the interstices of 
the positive charged areas of the storage surface and be 
accelerated towards the viewing screen 14 to produce a 
visual image of the characters written on the storage 
SCTCC1. 
The visual image of these characters may be maintained 

so long as the collector grid 12 is maintained at a poten 
tial of the order of twice the critical potential of the 
storage surface material. When it is desired to erase the 
characters constituting the positively charged areas on 
the storage screen 12, it is only necessary to momentarily 
lower the potential of the flat screen 12 to a potential 
that is less than the critical potential of the storage surface 
material and then raise it gradually back to its original 
value. In this event, the potential of the storage surface 
is returned to the potential of the flood gun cathode 90 
by flood electrons, thereby creating a potential gradient 
from the storage surface to the flat screen 112, thus 
making the storage screen 12 ready for writing by the 
character writing electron beam. 
What is claimed as new is: 
1. An electronic storage tube for the visual presenta 

tion of information characters, said tube comprising a 
storage screen including a foraminous conductive elle 
ment, a layer of dielectric material that exhibits second 
ary electron emission when bombarded by electrons dis 
posed on said foraminous conductive element, said layer 
of dielectric material having an exposed surface, and a 
flat conductive screen disposed in contact with said ex 
posed surface, the portions of said exposed surface with 
in the openings of said Screen constituting a storage Sur 
face; means for producing an electron beam; a matrix 
mask having a plurality of apertures, each of said aper 
tures conforming to an information character; means for 
successively directing said electron beam through the 
apertures conforming to characters to be presented to 
make the cross sectional area of said electron beam suc 
cessively conforrn to the configuration of each of the 
characters; means for maintaining said flat conducting 
screen at a first potential level; means for maintaining 
said storage surface at a second potential level negative 

In order for the charge to remain on the 

i. 
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with respect to said first potential level to produce a posi 
tive potential gradient from said storage surface to said 
flat conductive screen; means for successively directing 
said electron beam to bombard predetermined portions 
of said storage screen to liberate numerous electrons 
within the bombarded portions of said dielectric mate 
rial for each electron incident thereon whereby said lib 
erated electrons are attracted to said flat conductive 
screen by said potential gradient to produce a series of 
charge replicas of the characters to be presented on said 
storage surface; and means responsive to said charge 
replicas for producing a visual presentation of the infor 
mation characters. 

2. The electronic storage tube as defined in claim 1 
wherein said means for successively directing said elec 
tron beam to bombard predetermined portions of said 
storage screen includes apparatus for producing an elec 
trostatic lens for focusing said matrix mask on said stor 
age screen whereby successive paths of said electron 
beam, in traversing the apertures of said matrix mask, 
cross over at a predetermined distance from said matrix 
mask, and electron beam deflecting means having a center 
of deflection at said predetermined distance from said 
matrix mask for directing said electron beam to said pre 
determined portions of said storage screen. 

3. An electronic storage tube for the visual presenta 
tion of information characters, said tube comprising 
means for producing an electron beam; a matrix mask 
having a plurality of apertures, each of said apertures 
conforming to an information character; means for suc 
cessively directing said electron beam through the aper 
tures conforming to characters to be presented to make 
the cross sectional area of said electron beam succes 
sively conform to the configuration of each of the char 
acters; a storage Screen including a foraminous grid struc 
ture, a layer of dielectric material that exhibits second 
ary electron emission and induced conductivity when 
bombarded by electrons disposed on said foraminous 
grid structure, said layer of dielectric material having 
an exposed surface, and a conductive screen disposed in 
contact with said exposed surface, the portions of said 
exposed surface within the openings of said screen con 
stituting a storage surface; means for maintaining said 
conductive screen at a first potential level; means for 
directing flood electrons emanating from a gun at a 
second potential level, negative with respect to said first 
potential level, uniformly over the area of said storage 
surface to charge each elemental area thereof substan 
tially to said second potential level whereby a potential 
gradient is produced from said storage surface to said 
conductive screen; means for successively directing said 
electron beam to bombard predetermined portions of 
said storage screen to produce numerous conduction elec 
trons within the bombarded portions of said dielectric 
material for each electron incident thereon whereby said 
conduction electrons are attracted to said conductive 
screen by said potential gradient to produce a series of 
charge replicas of the characters to be presented on said 
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storage surface; a viewing screen disposed contiguous to 
and in register with said storage screen on the side op 
posite from said storage surface; and means for direct 
ing additional flood electrons through the foramina of 
said storage surface contained within each elemental area 
of said charge replicas in a collimated beam to said view 
ing screen to produce a visual presentation of said infor 
mation characters. 
4. The electronic storage tube as defined in claim 3, 

wherein said means for successively directing said elec 
tron beam to bombard predetermined portions of said 
storage screen includes means for producing an electro 
static lens for focusing said matrix mask on said storage 
screen whereby successive paths of said electron beam 
cross over at a predetermined distance from said mask, 
and electron beam deflecting means having a center of 
deflection at said predetermined distance from said mask 
for directing said electron beam to said predetermined 
portion of said storage screen. 

5. The electronic storage tube as defined in claim 3 
wherein said first potential level is positive with respect 
to said second potential by an amount equal to twice the 
critical potential of said dielectric material whereby said 
flood electrons charge all areas of said storage surface ini 
tially charged to at least the critical potential of said di 
electric material to said first potential level. 

6. The electronic storage tube as defined in claim 3, 
including a voltage generator coupled to said conduc 
tive screen for lowering the potential thereof from said 
first potential level to a potential less than the critical po 
tential of said dielectric material and then to gradually 
increase the potential of said conductive screen back to 
said first potential level to erase said charge replicas from 
said storage surface. 

7. An electronic storage tube for the visual presenta 
tion of information characters, said tube comprising a 
matrix mask having a plurality of apertures, each of said 
apertures conforming to an information character; means 
for producing an electron beam; means for successively 
directing said electron beam through selected apertures 
conforming to the characters to be presented to make the 
transverse cross sectional area of said electron beam suc 
cessively conform to the configuration of the selected 
characters, respectively; a storage screen; means includ 
ing apparatus for producing an electron lens to focus said 
matrix mask on said storage screen for successively di 
recting said electron beam to predetermined portions of 
said storage screen to produce a series of charge replicas 
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of the characters to be presented thereon; and means re 
sponsive to said charge replicas to produce a visual pre 
sentation of the information characters. 
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