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ABSTRACT OF THE DISCLOSURE

This disclosure relates to a storage device including a
storage target having a layer of an insulating material
with a density less than 10% of its bulk density and an
electrically conductive member, a first electron gun for
writing a charge pattern upon the storage target by modu-
lating a writing electron beam and for directing a reading
electron beam of sufficient current density to derive an
output signal corresponding to the pattern of charges
stored upon the target, and a second electron gun for
directing a flood beam of electrons with sufficient energy
to pass through the conductive member into the porous
layer to prime the exposed surface of the porous layer
to a substantially uniform potential.

———— A w—————<.

This invention relates to an image storage system and
more particularly to a storage system including an elec-
tron image device in which information may be stored
on a target member and read out by means of an electron
beam.

In an increasing number of applications, there has
arisen a need for a system or device that can receive infor-
mation in the form of electrical signals, store it, and re-
lease it after a predetermined period. This function could
be accomplished by an electrical delay line which has a
capability of storing information for extremely short
periods in the order of several microseconds. Alternative-
ly, information may be stored on magnetic drums or video
tape for longer periods of time in the order of a second
or more. However, none of these means are practical if
the stored information must also be retrieved at informa-
tion rates different from those associated with the original
or recorded signals. This limitation is primarily due to
the mechanical characteristics of these devices.

As may be seen from the above-discussion, the time
interval between approximately 10 microseconds and 1
second is covered by neither electrical delay lines nor
magnetic or video tape. Such delay times are of special
interest to video signal processing, wherein the normal
repetition rate for a video frame is 30 per second. A spe-
cial effort has been made in the video field in recent years
to fill this gap.

An electronic storage tube offers in principle a solu-
tion to this problem, since its delay or storage time can
be adjusted from a few nanoseconds up to many seconds.
A typical electronic storage tube comprises a storage
member upon which information may be written by an
electron gun or by an electron image generated by a
photocathode element and means for retrieving this in-
formation such as an electron gun whose beam is scanned
across the surface of the target member. Further, means
are provided to prime the surface of the storage member
in preparation for receiving the information. However,
existing storage tubes suffer from one or several of the
following shortcomings: (1) insufficient dynamic range
or grey tone representation, i.e. low signal to noise ratio,
(2) insufficient resolution or frequency handling capacity,
and (3) incomplete erasure in preparation for new in-
formation to be stored.

Further, there exists the problem of accurately retriev-
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ing the information placed on the storage member. In
many electronic storage tubes, the information is written
upon the storage member by one electron gun or photo-
cathode element and is retrieved by a separate electron
gun. If the second electron gun which performs the opera-
tion of retrieving the stored information is disposed on the
same side of the storage member as the first electron gun,
it is often necessary to offset one of the electron guns
thereby creating optical problems of accurately placing
the electron beams upon the storage member. Further, if
the electron gun is placed on the other side of the storage
member, there exists the problem of accurately aligning
or registering the retrieving electron gun so as to scan the
precise portion of the storage member upon which the
information is stored. Further, in such systems there is
a necessity of providing a complex, fragile storage mem-
ber to ensure sensitivity and resolution.

The problem of precise information retrieval may be
partially solved by using a single electron gun to perform
the operations of writing the information upon the stor-
age member and retrieving this information. However,
in known electronic storage tubes, there exists another
problem created by the necessity of changing the poten-
tials applied to the various focusing electrodes of these
tubes between the writing and reading cycles. Further,
potentials applied to the storage member are often changed
in order to prepare or to prime the storage member for
the writing cycle. As a result, it may be also necessary to
change the potential applied to the means provided for
deflecting or scanning the electron beam over the storage
member. As a result, it is difficult, if not impossible, to
obtain precise registration of the electron beams directed
onto the storage member for the writing and reading
cycles. When the interelectrode voltages are changed dur-
ing the various cycles of operation, the angle of incidence
of the electron beam upon the storage member will cor-
respondingly change and it becomes necessary to com-
pensate for these changes by refocusing the electron beam
or adjusting the voltage applied to the scanning means
to compensate for the differing projections of the electron
beams used to write and read the information.

It is accordingly an object of this invention to provide
an improved image storage system.

It is a further object of this invention to provide an
improved storage system having a capability of storing in-
formation for periods of between a few microseconds and
many seconds.

It is a further object of this invention to provide an im-
proved system having an electron image device utilizing
a high gain, sensitive storage member.

It is a more particular object of this invention to provide
an improved storage system having an electron image
device with a storage member upon which information
can be placed with a single scan of an electron beam.

It is a still further object of this invention to provide
an improved storage system having an electron image
device capable of precisely retrieving the information
placed on its storage member.

It is a further object of this invention to provide an im-
proved storage system having an electron image device
which is capable of achieving a precise registration be-
tween the scan of the electron beam used to place the in-
formation upon the storage member and the scan of an
electron beam for retrieving this information.

It is a still further object of this invention to provide
an improved storage system which is capable of retrieving
the stored information entirely within a single read cycle.

In accordance with these objects, this invention provides
an improved storage system having an electron image
device utilizing a high gain storage member whose volume
is uniformly porous and which is capable of being charged
throughout its volume by a flow of high energy electrons.
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élow energy electron gun is disposed to emit an electron
Beam intercepting the target storage member and is uséd

for both writing and reading the information upon and
from the storage member. Further, means are provided
for maintaining uniform voltage differences between the
electron gun and the storage member and for applying
suitable voltages to the electron gun during both the read-
ing and retrieving cycles of the storage tube. In a pre-
ferred embodiment of this invention, the information is
placed on the storage member by modulating the voltage
applied to the storage member. ‘

These and other objects are effected by our invention
as will be apparent from the following description taken
in conjunction with the accompanying drawings, in which:

‘FIGURE 1 is a schematic representation of a storage
system including an electron image device in accordance
with the teachings of this invention; and )

" FIG. 2 is an enlarged sectional view of the target struc-
ture utilized in the electron image device shown in FIG-
URE 1.

Referring in detail to FIGS. 1 and 2, an electron image
device 10 is provided comprising an evacuated envelope
12 of a suitable material such as glass, Within one end
of the envelope 12, there is disposed axially of the
envelope 12 an electron gun 14 comprising a cathode
electrode 16, a heater element 18 for energizing the elec-
fron emissive material coated upon the cathode electrode
16, and a control grid 20. A voltage source 26 is inter-
connected between the control grid 20 and the cathode
electrode 16 to apply a negative vollage to the control
grid 20. Further, accelerating electrodes 22 and 24 are
axially aligned of the envelope 12 to accelerate a beam
of electrons emiited by the cathode electrode 16. Poten-
tial sources 61 and 63 are connected respectively to the
accelerating electrodes 22 and 24 to apply the necessary
voltages to accelerate the electron beam. The electron
beam is directed upon a storage member 30 which is dis-
posed perpendicular to the axis of the envelope 12. A first
mesh 40 is disposed adjacent to the storage member 30
and perpendicular to the axis of the envelope 12. In ad-
dition, a second mesh 42 is disposed parallel to the first
mesh 40 and is electrically connected to the accelerating
electrode 24. A set of deflection coils 44 are disposed
about the envelope 12 to provide the regular scanning of
the electron beam emitted by the cathode electrode 16
across the surface of the storage member 30. A potential
source 45 is connected to the deflection coils 44 for pro-
viding an appropriate sawtooth wave signal to the coils
44. Further, a focusing coil 46 is likewise disposed about
the envelope 12 for precisely focusing the electron beam
upon the storage member 30. :

Within the opposite end of the envelope 12, there is
axially disposed a flood gun 50 to emit a uniform disper-
sion of electrons upon a rear surface of the storage mem-
ber 30. The flood gun 50 comprises a cathode electrode
52, a heater element 54, and a grid 56 for controlling
the flow of electrons emitted by the cathode electrode
52. Further, cylindrical, accelerating grids 58 and 60 are
disposed about the beam of electrons emitted by the cath-
ode electrode 52 for directing the electrons upon the stor-
age member 30. Further, 2 pulse voltage source 57 is ca-
pacitively tied to the control grid 56.

Referring specifically to FIG. 2, the storage member
30 will now be described in greater detail. The storage
member 30 is disposed upon an annular support ring 32,
which is in turn mounted in a manner well known in the
art within the. envelope 12. The support ring 32 may
be made of a suitable material such as Kovar alloy
(Westinghouse Electric Corporation trademark for an al-
1oy of nickel, iron and cobalt). The storage member 30
further includes a support layer 31 which is made of a
suitable insulating material such as aluminum oxide, of
about 1000 angstroms thickness, and is supported on the
support ring 32. Next, a conductive layer 34 of a material
such as aluminum having a thickness of approximately
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500 angstroms is deposited upon the support layer 31
typically by vacuum evaporation. A storage layer 36 is
then disposed upon the conductive layer 34 and has an
exit surface 38 facing the electron gun 14. The storage
layer 36 is characterized by a volume of a uniformly
porous nature which exhibits the, property of generating
electrons, in response to electron bombardment. The po-
rous. nature: of the storage layer 36,isAnecessa'ry, as will
be explained in greater detail later, so that the storage
layer 36 may be uniformly -charged -and - to, provide a
high gain, high Tesistivity storage member.30. The stor-
age layer 36 may be made of any suitable material such
as an alkaline or alkaline earth metal compound, such as
potassium chloride, magnesium chloride or magnesium
oxide. The mesh 40, as will be explained later, is pro-
vided to control the charge deposited upon the storage
member 30 and is interconnected with a voltage source
41 which may be varied in accordance with the charge
to be deposited upon the storage, member 30. Further, a
potential source 65 as shown in FIG. 1 is interconnected
between .the cathode element 16 and the conductive layer
34 to apply an appropriate accelerating potential to the
electrons beam formed by the electron gun 14.

In a preferred embodiment of this invention, the input
and output signals of the electron image device 10 may
be alternately applied by a switch 43 to the conductive
layer 34 of the storage member 30 across a resistance to
ground.

In one specific embodiment of this invention, the stor-
age layer 36 may be applied to the conductive layer 34
by evaporating a layer of potassium chloride in an inert
gas such as argon at a pressure of a few millimeters of
mercury. A boat of a snitable material such as tantalum
is provided with a resistive heater element therein within
the evacuated atmosphere, A predetermined amount such
as 16 milligrams of potassium chloride is placed in the
boat. The boat is then positioned at a distance of approxi-
mately 3 inches below the conductive layer 34 and current
is applied to the resistive heater element of the boat.
The heat is applied until the potassium chloride has just
melted at which temperature the material is then main-
tained. This temperature is considerably less than the
melting point of potassium chloride at atmospheric pres-
sure. The vapor pressure of potassium chloride at its melt-
ing point under these evacuated conditions is found suffi-
cient to.cause vaporization at a sufficient rate. The potas-
sium chloride is evaporated to completion and it is found
that the densty of the evaporated storage material on the
conductive layer 34 is approximately 1 to 10% of its bulk
density. A typical thickness of approximately 25 microns
is achieved which corresponds to a mass per unit area of
100 micrograms per square centimeter. Thus, there has
been described a storage member 30 having a storage
layer 36 which is characterized by the high resistivity and
the uniform, porous nature of its volume which allows
electrons incident upon its surface to penetrate its surface
and to generate secondary electrons throughout its vol-
ume thereby accounting for the high gain and sensitivity
of this member.

The operation of the electronic storage tube of this in-
vention may be explained in three steps: priming of the
storage layer, “writing” or placing the information upon
the storage member, and “reading” or retrieving the in-
formation.

The first step of operating this device involves flooding
the storage member 30 with a burst or dispersion of high

energy electrons. In a typical mode of operation, the cath-

ode electrode 52 is operated at a negative potential of
several kilovolts with respect to the storage member 30;
in the particular embodiment shown in FIG. 1, a negative
potential of 6 kilovolts is applied to the cathode elec-
trode 52. During the remaining steps of operating the stor-
age tube, the control grid 56 is biased at a potential nega-
tive with respect to the potential placed upon the cath-
ode electrode 52. A positive pulse generated by voltage
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source 57 is applied through a capacitor to the control
grid 56 to allow a burst of high energy electrons to be ac-
celerated by grids 60 and 58 toward the storage member
30. In one particular mode of operation, the voltage
source 57 applies a positive impulse of 50 volts for a dura-
tion of one millisecond or less, The storage member 30
will respond .to this uniform burst of electrons and the
exit surface 38 of the storage layer 36 will charge to a
potential of several volts positive with respect to the con-
ductive layer 34. The placement of a positive charge upon
the exit surface 38 of the storage layer 36 is due to the
burst of high energy electrons which are accelerated with
sufficient energy to penetrate the support layer 31 and the
conductive layer 34 and to be absorbed by the storage
layer 36. The high energy electrons entering the storage
layer 36 will be able to penetrate substantially the entire
volume of the layer 36 due to its porous nature. As the
electrons penctrate the layer 36, secondary electrons are
generated within the volume and in part, are emitted from
the exit surface 38 of the storage layer 36 to be collected
by the first mesh 40 and are in part collected by the con-
ductive layer 34. In this manner, electrons are taken from
the storage layer 36 thereby leaving a positive potential
charge upon the exit surface 38 of the storage layer. The
DPotential of the charge placed upon the storage layer 36 is
determined by the voltage applied to the first mesh 40 by a
voltage source 41. The potential of the voltage source 41
is set below the first Cross-over potential for the material
of which the storage layer 36 is composed. For a storage
layer 36 made of a potassium chloride, the potential
applied to the first mesh 40 may be set at approximately
10 to 20 volts. It is noted that the porous and electron
transmissive nature of the storage layer 36 provides a
sensitive, high gain storage layer which in turn allows the
storage member 30 to be primed within an extremely
short period of approximately one millisecond or less.
Therefore, priming could be timed to coincide with the
return time of the vertical deflection of the electron beam
used for writing and reading, thus eliminating any dead
time in the operation of this tube,

After the exit surface 3§ of the storage layer 36 has
been charged, the writing of information upon the storage
member 30 takes place. A low energy electron beam is
produced by the cathode element 16 and it is accelerated
by the electrodes 22 and 24, and the second mesh 42. In
the illustrative mode of operation shown in FIG, 1, posi-
tive voltage potentials of approximately 150 volts and 300
volts are respectively applied to the electrodes 22 and 24,
Further, the density of an electron beam emitted by the
cathode electrode 16 is determined by the negative poten-
tial applied to the control grid 20; in one particular mode
of operation, a negative voltage of approximately 40 volts
is applied by the voltage source 26 to the control grid
20. The electron beam generated by the cathode electrode
16 is focused by the coils 46 and is scanned by the deflec-
tion coils 44 in a typical video raster upon the storage
layer 36 of the storage member 30. With the switch 43

* thrown to the input position, an input signal is applied
" through the conductive layer 34 to modulate the beam of
electrons scanned across the surface of the storage layer
36. Correspondingly, the previously uniform charge placed
upon the storage layer 36 will be modulated in direct
proportion to the signal applied to the conductive layer 34.
Typically,
volts may be applied to the conductive layer 34. As a
result of the high gain and sensitivity of the storage mem-
ber 30, a complete frame or pattern of information can
be written upon the storage layer 36 during a single scan
of the electron beam. It is preferred in order to provide
a more linear response that the input signal be applied
to the target member 36 rather than that the modulating
signal be applied to the control grid 20. Due to the high
resistivity of the storage member 30 (108 ohm-cm.) the
charge pattern representing the information to be stored
will remain unchanged for long time intervals. Experi-

an input signal varying between 0 and —10
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ments have shown that charge storage of many hours is
possible without loss of resolution.

In order to retrieve or read the stored information, the
storage member 30 is scanned again after a suitable time
interval with a low velocity electron beam emitted by the
cathode electrode 16. During this step, a constant poten-
tial will be applied by the source 65 to the conductive
layer 34 of the storage member 30. To take out the sig-
nal, the switch 43 is turned to the output position and the
signal which is derived from the storage member resistor
during the scan will be an exact copy (reverse polarity)
of the original frame or pattern. After this step is com-
pleted, the exit surface of the storage layer 36 will be
primed again as described above in preparation for the
next sequence.

Further, it is noted that during the reading and writing
steps that the potential sources 61 and 63 apply substan-
tial constant accelerating potentials to electrodes 22 and
24 and that the source 45 maintains a sawtooth wave of
the same waveform and amplitude upon the deflection
coils 44. Further, a constant D.C, potential is applied by
the source 65 between the cathode element 16 and the
conductive member 34. As a result, the electron beams
emitted from the cathode electrode 16 are accelerated upon
and scanned across the target member 30 with substan-
tially the same potentials to thereby ensure exact registra-
tion of the reading and writing electron beams upon the
target member 30.

It will, therefore, be apparent that there is disclosed
an improved storage system which is capable of storing
and accurately retrieving the information after a prede-
termined time interval. More specifically, the storage sys-
tem of this invention includes an electron image device
having a high gain, high sensitivity storage member or
target of a porous nature wihch is combined with a
single electron gun for both the writing and reading op-
erations to thereby assure maximum registration of the
information stored on the target storage member, In order
to prime the storage member, a high velocity burst of
electron is directed upon the storage member in prepara-
tion for the writing cycle. To further insure registration,
the electrode arrangement of this storage tube does not
require switching of the elecirode voltages for the transi-
tion from the writing to the reading modes of operation.
Further, there has been disclosed in one embodiment of
this invention an electron image device wherein the read-
ing and writing gun is electrically isolated from the high
energy priming gun by a storage member disposed
between the two guns. The electronic storage tube dis-
closed herein may be characterized by a high signal to
noise ratio, the capability of writing and reading a charge
pattern of high definition, high speed of response whereby
priming can be accomplished in one millisecond or less,
and a capability of writing and/or reading within a single
frame, and simplicity and compactness of construction.

Since numerous changes may be made in the above-
described apparatus and different embodiments of the
invention may be made without departing from the spirit
thereof, it is intended that all matter contained in the
foregoing description or shown in the accompanying
drawings, shall be interpreted as illustrative and not in 2
limiting sense.

We claim as our invention:

1. An information storage system comprising a storage
member including a porous layer of less than 10% of
the normal bulk density of a high resistive material ex-
hibiting the property of emitting secondary electrons from
a first surface thereof in response to electron bombard-
ment and an electrically conductive member disposed on
a second surface of said porous layer, first means for
emitting a flow of electrons having substantially uniform
distribution with sufficient energy to be directed through
said electrically conductive member into the volume of
said porous layer to thereby establish a substantially uni-
form potential upon said first surface, second unitary
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means for directing first and second electron beams
towards said first surface of said porous layer, third
means for modulating said first- electron beam with the
information to be stored upon said storage member, and
fourth means for maintaining the current level of said
second electron beam at a value sufficient to derive an
output signal from said storage member. :

2. An information storage system as claimed in claim
1, wherein said first and second means are disposed on
opposite sides of said storage member to thereby be iso-
lated from each other by said storage member.

3. An information storage system as claimed in claim
1, wherein said second means is an electron gun including
a cathode element and an accelerating electrode, and
means for maintaining substantially constant potentials
between said cathode element, said accelerating electrode
and said electrically conductive member of said storage
member during the emission of said first and second elec-
tron beams. )

4. An information storage system as claimed in claim
3, wherein there is included deflection means for scanning
said first and second electron beams across said first
surface of said porous layer, and means for applying sub-
stantially similar wave signals to said deflection means to
thereby assure that said first and second electron beams
will be scanned across substantially the same portions
of said first surface of said porous layer.

5. An information storage system as claimed in claim
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1, wherein there is included a mesh electrode -disposed
in_a spaced relationship with said .porous. layer of said
storage. member, and fifth means for applying to said
mesh electrode a potential of such magnitude to limit said
uniform potential to a value below the. first.cross-over of
said high resistive material. YRS -
_ 6. An information storage system as:claimed in claim
1, wherein said high resistive- material is selected from.a
group .of materials consisting of potassium chloride, mag-
nesium chloride and magnesium oxide.. - - . )
7. An information storage- system -as claimed. in claim
1, wherein said storage member further includes a sup-
porting layer of insulating material .disposed upon said
electrically conductive member. -, R
8. An information storage.system as-claimed in claim
7, wherein said electrically conductive member is made
of aluminum, and said support layer is made of aluminum
oxide.. Lo L :
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