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This invention relates to an electrostatic memory sys-
tem wherein binary information is stored in the form of
charges established on the dielectric target surface of a
barrier grid storage tube. In particular, this invention is

directed to a novel method of operation of barrier grid:

storage tubes and to an improved system whereby this
method may be employed.
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pulses employed and the wave forms of pulses applied
to the control grid and backing plate of a barrier grid
storage tube operated under the improved method. :

Fig. 2 is a block diagram of the system for electrostatic
storage employing the improved method of operation,

Figs. 3, 4 and § illustrate in detail the circuit compo-
nents shown by block diagram in Fig. 2.

Fig. 6 is a plan view of a barrier grid subassembly
comprising a ceramic frame, mica target and barrier grid
wires.

Fig. 7 is a sectional view taken on the line 7—7 of

.Fig. 6. ‘

, The principle of electrostatic storage involves setting '

up one of two reliably distinguishable charge states at
discrete regions on the 'insulating target surface of a
cathode ray type storage tube under the influence of a
cathode beam directed thereon and, at a later time, in
determining which of the two charge states was estab-
lished in each region.

In establishing the distinctive charge states, secondary
electrons are emitted from an elemental target region
during bombardment by the cathode beam and are at-
tracted to a collector electrode element placed near the
target end of the tube. As the number of secondary
electrons emitted from the region may be greater, equal
or less than the number of primary electrons received
from the beam, the potential of the region and the col-
lector electrode tend to become equalized and, due to this
equalizing action, the tube is capable of functioning as a
sterage device as will be more fully explained.

Several distinct tendencies to destroy the charges es-

tablished in adjacent elemental areas have been found to

exist. Among these is a tendency for some of the second-
ary electrons emitted from one region to fall on neigh-
boring positively charged areas and neutralize the charges
that have been set up at these spots. A further inclina-
tion to destroy information in adjacent regions has been
determined to be caused by fringe area electrons ‘in the
primary cathode beam itself.

Because of these and other factors causing losses, the
charges are not permanent and must be systematically
regenerated, however, a reduction in the above men-
tioned detrimental effects lessens the regeneration re-
quirements and the storage capdcity of such memory
tubes may, therefore, be increased. '

Accordingly, it is an object of this invention to provide
a novel method of memory tube operation whereby
tendencies to destroy information are substantially
reduced.

It is a further object of this invention to provide a
system and method of operation for barrier grid storage
tubes resulting in output signals of increased magnitude
and an increase in the storage capacity of such tubes.

Still another object of the invention resides in provid-
ing an improved system and circuit for operating barrier
grid storage tubes.

Other objects will be pointed out in the following de-
scription and claims and illustrated in the accompanying
drawings which disclose by way of example the principle
of the invention and a contemplated mode of applying
the principle.

In the drawings:

Fig. 1 graphically illustrates the timing and control

Fig. 8 illustrates the structure of a collector grid sub-
assembly comprising a ceramic frame and grid wires.

Referring to Fig. 2 of the drawing, a storage delay tube
of the barrier grid type is illustrated having an envelope
1 within which is positioned an electron gun 2 for form-
ing and focusing an electron beam on a target 3. The
beam is turned on under the control of a schematically
illustrated. grid 4 and is directed to particular elemental
areas on the target 3 by pairs of deflection plates 5. As
is well known in the art, these pairs of deflection plates 5§

. are physically arranged to produce electrostatic fields at
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right angles to one another and to the beam. It isto be
understood that these plates will have varying voltages
applied to them from a saw-tooth generator, for exam-
ple, in order to produce line and frame scansion as in tele-
vision raster or staircase type scanning system, however,
appropriate voltages may be applied to the plates for pro-
ducing spiral scansion or only single line scansion as may
be desired. The means for producing different types of
scansion of the target surface 3 are well known in the
art and, as they are not required for an understanding of
the invention, need not be further described here. -

The target surface 3 may be considered as divided into
small elemental regions each of which is. capacitatively
coupled with a backing plate 6, and these comprise ele-
mental condensers in which binary information is stored
independently of one another by the presence.or absence
of a charge. The backing plate 6 is placed in contact
with the target 3 on the side opposite to that upon which
the beam impinges and may be formed, for example, by
evaporation of aluminum on the dielectric surface. As
the primary electron beam bombards an elemental area
of the target, secondary electrons aré emitted as before
mentioned and are attracted to a collector electrode 7
which is held at a positive potential of approximately 400
volts and positioned between the gun 2 and target 3.

During bombardment of an elemental spot, some

. secondary electrons collect in the form of a space charge

and rain back on the target area rather than flowing to
the collecto®7 and, since some of the neighboring spots
will be positive with respect to the bombarded spot, there
is a tendency to remove the positive charge and destroy
the stored information. . A barrier grid 8 is placed directly
on or near the- dielectric surface 3 to shield each storage
spot from the others and to reduce this detrimental effect
of secondary electron redistribution. A futher reduction
igpthe redistribution effect is obtained by placing the col-.
lector grid 7 close to the barrier grid 8 and thus presents

* a high accelerating field for the secondary emission elec- -
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trons which directs them away from the target. ;

The structure of the collector and barrier grid elements
is shown in detail in Figs. 6, 7 and 8. The collector 7 as
shown in Fig. 8 comprises a plurality of parallel co-
planar tungsten wire positioned on a rectangular ceramic
frame 7a with the wires arranged at an angle of 45° to
the sides of the frame.. The barrier grid 8 is fabricated
on another ceramic frame 84 and is formed of a grid of
tungsten wires arranged at right angles to one another
and to the sides of the frame. The method of fabricating
the ‘barrier and collector grids and the arrangement for
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mounting these elements and the target assembly is more
fully described in a copending application for U. S. Let-
ters Patent. Serial Number 337,544, filed February 18.
1953, now Patent No. 2,795,840.

The spacing between the barrier and collector grids
is made as small as possible with the actual separation
governed by the relative voltages applied to these elc-
ments. The eollector electrode comprises a plurality of
parallel coplanar strands arranged at 45° angle to the
sides of the frame as described. The purpose of this
arrangement is to provide a greater accelerating field for
secondary emission electrons adjacent the spaces between
the perpendicular wires of the barrier grid electrode.

The target as well as the barrier and collector elec-
trodes are rectangular in shape as this configuration pro-
vides a minimum of unusable target surface and conse-
quently reduces the barrier grid to backing plate capacity.

As a result of positioning the collector adjacent the
barrier grid at the target end of the tube and providing
a reduction in redistribution, the grid wires of both of
these electrodes may be more widely spaced and fab-
ricated of strands having a smaller diameter than those
heretofore employed. As a consequence, of this struc-
tural modification, the interception of electrons by the
grid wires- is substantially reduced, the barrier grid to
backing plate capac1ty is further reduced and the backing
plate may thus swmg a larger fraction of the target sur-
face to which it is capacitatively coupled. In actual prac-
tice, the grid wires are formed of tungsten strands 0.0007
inch in diameter, spaced at 150 turns per inch for both
planes of parallel strands on the barrier grid and spaced
at 100 turns per inch for the single layer of 45° strands
on the collector grid. The collector and barrier grid
units are spaced apart a distance of approximately 0.010
inch with the barrier grid placed in direct contact with
the dielectric target surface.

In the method of writing employed, the potential ap-
plied to the backing plate 6 before and during the time
the beam is turned off determines the potential of the
selected spot being bombarded. For example, if the back-
ing plate is pulsed negatively while the beam is on and
the beam is turned off before the backing plate modulat-
ing pulse is terminated, the spot becomes positive with
respect to the collector electrode due to the backing
plate to target surface capacity coupling. If the backing
plate modulating pulse is terminated before, or no mod-
ulating pulse is applied at the time the beam is turned off,
the spot remains at the potential of the collector elec-
trode. Two charge states are then available depending on
modulation of the potential applied to the backing plate.

In establishing the two charge states in the above de-
scribed manner, one tendency to destroy information in
adjacent spots when writing has been determined to be
duc to fringe electrons in the beam itself as previously
mentioned. The nature of this type of idformation spil-
ling is that in storing or writing a “1,” a neighboring
“0” can be changed into a “1” but a neighboring “1” is
not disturbed. Likewise, in writing a “0” a neighboring
“1” may be changed to a “0” but a neighboring “0” re-
mains unaffected.

As aforementioned, the potential applied to the backing
plate 6 at the time the beam is turned off determines
whether a “one” or a “zero” is written. In the resetting
method of operation, as illustrated by the grid and back-
ing plate modulation waveforms shown in Fig. 1, this
tendency to destroy the charge on adjacent regions is sub-
stantially reduced. In writing a “one,” the beam is turned
on and thé backing plate pulse thereafter applied until
after the beam is turned off with the time interval during
which the backing plate is pulsed being equal to that in
which it is not pulsed while the beam is turnmed on. In
writing a “zero,” the beam is turned on and the backing
plate pulsed negatively for a period of time with the
negative potential removed from the backing plate before
the beam is turned off. It is thus seen that in writing a
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4
“zero,” part of the total interval is employed in writing a
“one.” The principle of resetting constitutes operating

in a mode such that part of the time, there is a tendency
to change a neighboring spot to a “zero” and part “of the
time a tendency to change it to a “one” with ideally no
nct effect on the neighboring spots.

Considering the write operation more in detail, it will
be seen in Flg 1 that two time intervals are employed
in writing a one and three time intervals employed in
writing a “zero.” During the first interval in writing
a “one,” the beam is turned on and functions to erase
any information previously stored on the bombarded
spot as well as interrogating the spot-during regeneration
as will be more fully described hereafter. The second
interval of beam on time is employed in writing a one
and the beam is turned off slightly:before the end of
the backing plate pulse to prevent partial erasure. The
first interval of time is made substantially equa] to the
second since it is a property of the tube that the time
spent in erasing a “one” is proportional the time spent in
writing a “one.” The first two intervals in the process
of writing a “zero” are identical with those employed
in writing a “one,” however, the third interval is an erasc
time. Both the first and third intervals are made suf-
ficiently long to completely remove the potential on, the
target surface which represents a one and since such a
charge has been placed on the spot during the second
mterval it is erased durmg the third interval so that a

“zero” instead of a “one” is stored.

The purpose of the resetting method of operation is
to balance the tendency of fringe electrons in the cathode
beam to change neighboring spots into “ones” as a “one”
is written by presenting an opposite tendency to also
change neightboring spots to ‘“zeros” as a “one” is writ-
ten. The “zero” writing cycle cannot be completely
balanced by these opposing tendencies because of the re-
quirement that there be two erasing intervals and the-fact
that the write and erase intervals should be about equal
to give adequate erasure. It has been found, however,
that inclusion of a backing plate pulse in the cycle for
writing a zero, increases the storage -capacity of the
tube considerably. )

While the grid, as illustrated in Figure 1, is turned on
continuously during the first and second time intervals
while writing or regenerating a “one” and during the
first, second and third time intervals while writing or re-
generating a ‘“zero,” it is contemplated that the beam
may be turned on or off separately for cach of these in-
tervals in each cycle of a write operation.

The method of reading out a stored charge from the
backmg plate 6 1mposes an amplifier recovery problem
since this electrode is pulsed with a potential of relative-
ly high magnitude during the immediately preceding
writing operation while the output signa}l to be amplified
is comparatively small. The backing plate mcdulating
pulse charges the coupling and inherent interelectrode
capacities of the amplifier tubes and must either be dis-
sipated before the small output signal can be amplified
or some means provided for lessening the effect of the
backing plate pulse on the amplifier. In'the arrangement
employed, novel amplifier stages having a high recovery
rate are used and in addition diodes may bz provided,
as will be later described, to limit the magnitude of the
backing plate pulse impressed on the amplifier input cir-
cuit. Further, since the backing plate' pulse and reading
operation occur at regular intervals, the amplifier need
not be completely recovered from the backing plate pulse
before the tube is interrogated-as the amplitude of the
read out signal will not be dependent upon a variable
time interval, With this novel arrangement, a rcad-out
operation may follow a write operation more closely than
heretofore possible.

Inasmuch as the target is a nonconductor, the poten-
tials at the different regions or spots will remain es-
sentially unchanged for some time despite spill from ad-



2,846,615

jacenit spots, however, where the unit of information is
to be retained for a long period, it must be regeperated
periodically. Regeneration of the information stored on
the tube target is done in a systematic fashion and con-
sists in examining each spot.to determine which charge
state has been stored and thereafter restoring the original
charge as will be more fully described hereafter.

6 . _
whereby the beam is turned on so as to impinge an ele-
mental storage region. The particular elemental region
bombarded is determined by the potentials applied to the

_ deflection plate 5 during the first three microseconds of

The resetting operating cycle illustrated graphically in. -

Fig. 1 requires eight microseéconds, of which the first
three microseconds constitute a deflection time interval
during which the beam becomes stabilized at one posi-
tion. The beam-on time requires-a second period of
three microseconds with the first microsecond of this
period employed in obtaining information from the tube,
in providing a time for resetting when a “one” or positive

charge is written and in erasing a previously stored posi-

tive charge. The latter function is provided to prevent
the charge from increasing or repeatedly writing a “one”
in the same region. The second microsecond of this
period of beam-on time is coincident with the backing
plate pulse and writes a “one” or positive charge on the
dielectric target area as well as providing a time for
switching during regeneration. The third microsecond
of beam-on time is employed only when a zero is writ-
ten as will be apparent from observation of the wave-
forms at the lower portion of Fig. 1. -Six microseconds
are made available for the amplifier to recover from the
backing plate pulse between the time of termination of
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the cyclé and which have
time, . - .
‘The Backing Plate Pulse appears on terminal 25 at the
beginning of the fifth microsecond of the cycle and is ap-
plied to a pull over tube circuit 26, the output of which
is applied over conductor 27 and functions to initiate op-
cration of a blocking oscillator 28. The oscillator 28 pro-
duces a positive output pulse slightly more than one
microsecond in width as determined by the constants of
the oscillator circuit elements and the output pulse is ap-
plied over a conductor 29 to a cathode follower clipper
circuit 30, a cathode follower drive circuit 32 and an in-
verter circuit 34 connected in series as shown by leads
31 and 33 respectively.  The positive backing plate pulse
is shaped and clipped by circuits 30 and 32 and is in- .
verted by circuit 34 so as to appear on a conductor 35
as a neégative pulse of approximately —130 volts. Con-
ductor. 35 is connected to the backing plate 6 of the
memory tube and to a resistor 36 which is' coupled be-
tween the backing plate 6 and the barrier grid 8. The re-
sistor 36 serves to apply most of the negative 130 volt
backing. plate pulse between the barrier grid and backing
plate ‘with the remaining voltage drop of approximately

reached full amplitude: at this

- . ten volts, applied across a diode bank 37 which may be

the pulse at the end of the fifth microsecond and the °

time of reading out the information begining with the
fourth microsecond of the succeeding operating cycle.

Referring to the block diagram of the system as
shown in Fig. 2, Sample Pulse I, Sample Pulse H, Dash
Clamp Pulse, Beam On Pulse and the Backing Plate
Pulse are clock pulses delivered from ring circuits or
the like and appear at terminals shown at the left of the
figure at the times during each ‘cycle of operation as
graphically illustrated in Fig. 1.

The positive Beam On Pulse appears on terminal 9
during the fourth microsecond -of the operating cycle and
is applied through a diodc 10, poled to pass this positive
pulse, via conductor 11 to a capacitor C12 and to the
input of a cathode follower circuit 13. Application of
the Beam On Pulse charges the capacitor C12 positively
and the latter maintains the conductor 11 at a positive
potential for a period of time after the Beam On Pulse
is terminated. .

The positive potential maintained on conductor 11 is
applied through the cathode follower circuit 13 to a

conductor 14 which is connected to a plurality of diode 3f

coincidence circuits A, B, C and D and to a cathode fol-

lower circuit 15 coupled with an output circuit 16.
Two or more storage tubes may be operated in parallel

with each provided with individval grid driving circuits.

Assuming the barrier grid storage tube coupled through 3.

coincidence circuit A, as shown, is to be employed for
storage in the description to follow, the coincidence or
“and” circuit A is pulsed: with a positive selecting pulse
applied on lead 17 during the fourth through sixth micro-
second time interval of the cycle. The output of gate A
is positive on coincident application of positive inputs
over conductor 14 and 17 and a positive output pulse is
applied over lead 18 to a pair of inverters 19 and 21
which are connected in series by a lead 20 and through
a lead 22 to a clipper 23. These latter circuit components
shape the waveform of the pulse before it is applied over
a conductor 24 to the turn on grid 4 of the memory tube.

The grid 4 is normally biased to complete cut off by
connection to a —2450 volt source through a paralleled
470K resistor and diode, in order to avoid producing a
faint trace on the target of the tube during the interval
required for potentials applied to the deflection plates §
to become stabilized. The positive potential initiated by
the Beam On Pulse as described, is applied to the con-
ductor 24 and overcomes the normal grid cut off bias
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provided.

The output pulse from the blocking oscillator 28 being
slightly greater than one microsecond in duration, as be-
fore mentioned, therefore, biases the backing plate 6
negatively from 4.0 microseconds time to 5.12 micro-
seconds time (see Fig. 1), but the beam is not turned off
in writing or regenerating a zero until 6.0 microseconds -
time as will now be described. -

At 6.0 microsecond time, the negative Dash Clamp
Pulse appears on terminal 40 and is applied to a diode 41.
As the cathode of diode 41 becomes negative the con-
denser C12 discharges terminating the positive pulse ap-
plied to the cathode follower 13. Output .line 14 which
has been held positive until this time by the charge on
condenser C12 through circuit 13 now becomes negative,
The output of gate circuit A also becomes negative, and
the normal bias to the grid 4 of the memory tube is effec-
tive to cut off the cathode beam. Simultaneously with
this action, the return to a negative voltage on line 14 is
applied to cathode follower 15 and terminates the output
pulse on terminal 16, . :

If the output pulse is not terminated before this time
by other means which will be described later, a “zero” is
stored. The “zero” output pulse then is initially produced
by the Beam On Pulse which appears at 3.0 microseconds
time and which was applied through the diode 10, cathode -
follower 13, line 14, and the cathode follower 15 and
is maintained -by the positive charge on condenser C12
until the latter is discharged by the Dash Clamp Pulse at
6.0 microseconds time. It is to be noted that the cathode
beam is cut off by the same means which terminates the
output pulse and in writing or storing a “zero” in

- thé memory tube, the beam is turned off at 6.0 micro-
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seconds time while the backing plate modulating pulse
has been terminated -at 5.12 microseconds time corre-
sponding with the grid and backing plate waveforms il-
lustrated in Fig. 1. . .

In writing a “one” the Backing Plate Pulse is applied
in the same manner and for the same time interval as in
writing a zero, however, a positive one write pulse is ap-
plied at 5.0 microseconds fime to discharge the condenser
C12 earlier in the cycle and thus cut off the cathode beam
and simultaneously terminate the oufput pulse at: the
time_shown in Fig. 1 as will now be described. The One
Write pulse is selectively applied to terminal 42 and. the
Data Line voltage applied at terminal 43 is maintained
at —20 volts. The negative 20 volt Data Line potential
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is applied to an inverter 44 and a positive output there-
from applied: to one of the input terminals of “and-in-
verter” circuit 45. Conductor 42, upon which the posi-,
tive One Write pulse appears, is coupled to the other in-
put terminal of circuit 45 and, as coincident positive in-
puts appear at 5.0 microseconds time, a negative output
pulsc is obtained therefrom at this‘instant and is applied
to the cathode of a diode 46. The anode of diode 46 is

- 2,846,615
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the beam is turned on the number of primary electrons
received at the region is more than the number of second-
ary electrons emitted therefrom, since the target region -
tends to become stabilized at the. collector potential, and .
a negative read-out voltage is, therefore, sensed at the-

~ backing plate' 6 during the fourth microsecond of the

connected with lead 11 to which the positively charged

plate of condenser C12 is also coupled as heretofore de-
scribed. When the output of circuit 45 becomes nega-
tive, the cathode of the diede 46 is rendered negative and-
condenser C12 is discharged cutting off the cathode beam
and terminating the output signal at 5.0 microseconds
time in the manner previously set forth when the con-
denser C12 was discharged through the diode 41 by the
Dash Clamp Pulse. :

The output pulse and, cathode beam are then termi-
nated at 5.0 microseconds time which is before the back-
ing plate pulse is terminated at 5.12 microseconds time
as illustrated in Fig. 1 and a positive charge representing
a binary “one” is stored in an elemental region on the
target surface of the memory tube. .

In the writing operation, regardless of whether a “one”
or a “zero” is written, the backing plate pulse is applied
to the tubc in an identical manner. In writing a *“zero”
the Dash Clamp Pulse discharges the condenser C12 and
turns the beam off at 6.0 microseconds time or after the
backing plate pulse is terminated, while in writing a “one”

the One Write pulsc discharges the condenser C12 at 5.0 3

microseconds time or before the backing plate pulse is
terminated. A

As previously mentioned, storage of binary digits as
charges on'the dielectric target surface is not permanent
and the charges must be regenerated or reestablished pe-
riodically. In performing this function, the charge state
existing at an elemental area must be determined and
restored with the cathode beam controlled in the resetting -
method of operation. )

- If a “zero”'is stored on the particular target region
selected by the potentials applied to the deflection plates
5, then there will be no charge present. The beam is
turned on beginning at 3.0 microseconds time and-the
region bombarded as heretofore described by the appear-
ance-of the Beam On Pulse on conductor 9. With no
charge on the bombarded spot, the number of primary
electrons received from the cathode beam and the number
of secondary electrons emitted from the spot and flowing
to the collector 7 are approximately equal and no change
in potential is then produced at the capacitatively coupled
backing plate 6. The conductor 35 is coupled with the
backing plate 6 as aforementioned and with the input of
an amplifier 50. An amplifier output circuit 51 is nor-
mally maintained at a negative potential and, with no
read-out signal sensed by the backing plate on reading a
spot having no charge, remains at this potential for the
read-out period previously described. as occurring during
the fourth microsccond of the operating cycle. The con-
ductor 51 is coupled to one input terminal of an “and-
inverter” circuit 52 and a conductor 53, to which the
clock pulse Sample I is applied, is couple to the other
input terminal.
appears at 3.46 microseconds time there is no coincident
polarity of inputs to circuit $2 and its inverted output is
positive. The output terminal is coupled through lead
54 with an inverter 55 and the latter connected through a
lead 56 to the anode of a diode §7. As the line 54 is
positive on lack of coincident polarity of inputs to circuit
52 then the output of inverter circuit 55 is negative and
will not effect the conductive state of the diode §7. In
this situation, the beam is turned on at 3.0 microseconds
time by the Beam On Pulse and terminated by the Dash
Clamp Pulse at 6.0 microseconds time. ‘

On the other hand, if a “one” or positive charge is
stored on the elemental region being bombarded, when
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As the Sample 1 Pulse is positive and

"

operating cycle and is applied through lead 3§ to the am-
plifier circuit 50. This negative read-out pulse is ampli-
fied and its polarity inverted by amplifier circuit 50 and
appears as a positive pulse on lead 51. Both the Sample
Pulse I and the output pulse on lead 51 are positive and
coincident in time at 3.46 microseconds and as a result,

the output of the “and-inverter” circuit 52 which is ap- -

plied to conductor 54 is negative.. This negative pulse is .
inverted by inverter circuit 55 and its output. circuit 56
which is connected to the anode of the diode 57 is ren-
dered positive. - A condenser 58 is coupled to the cathode
of diode §7 and is charged through the diode 57 at this
time. The positive pulse from diode 57 is also applied
through a lead 59 to one input terminal of “and-inverter”
circnit 60. The other input terminal of this circuit is
coupled with a conductor 61 upon which Sample Pulse II

.appears at 5.0 microseconds time during cyles in which

information is not being stored in the tube. The positive

5 pulse appearing on line 59 is timed to coincide with the

positive Sample Pulse II so that the output of circuit 60
is negative and the cathode of a diode 61 connected
thereto, swings negatively. The anode of diode 62 is -
connected to lead 11 and when its cathode is pulled nega-
tively, the condenser C12 discharges through this path at
5.0 microseconds time to thereby cut off the cathode
beam in the manner heretofore described but prior to
termination of the backing plate pulse at 5.12 microsec-
onds time. A positive charge is, therefore, regenerated
in the elemental area representing a “one.”

After the “one” has been regenerated, the negative Dash
Clamp Pulse appears on conductor 40 at 6.0 microseconds
time and pulls the cathode of diode 41 negative as afore-
mentioned, however, condenser C12 has been discharged
through diode 62 as described. The cathode of a diode
63, however, is also pulled negatively and condenser C58
is discharged through this path so as to prepare the regen-
erating circuit for the next read-out cycle.

The function of the circuit components may be sum-
marized as follows: In the storing of either a binary
“one” or “zero,” .the cathode beam is turned on at 3.0
microseconds time with the backing plate pulse applied
a 4.0 microsecords time and terminated at 5.12 micro-
seconds time. In writing or storing a *“one,” the One
Write pulse discharges condenser C12 at 5.0 microszconds
time and cuts off the cathode beam as well as terminates
the output pulse before the backing plate pulse is termi-
nated.  In writing a “zero,” the Dash Clamp Pulse dis-
charges condenser C12 and turns the cathode beam off-

 and terminates the output pulse after the backing plate

pulse is terminated. .

In regenerating a “ome,” the condenser C12 is dis-’
charged through the diode 62 and  “and-inverter” 60 at
5.0 microseconds time as determined by the appearance
of the Sample II Pulse. In regenerating a “zero,” the
condenser C12 is discharged at 6.0 microseconds time by
the Dash Clamp Pulse as in writing a “zero.” .

The pulses appearing on output line 16 indicate by
their duration if a “one” or a “zero” has been.read out
and regenerated. Line 16 is coupled to one input terminal
of an “and-inverter” circuit 65 and a line 66 is coupled to
the other input terminal. A positive clock pulse appear-
ing on line 66 at 5.50 microseconds is in time coincidence
cnly with the positive potential on line 16 when a zero is
read out. Output line 67, therefore, is negative on read-

" out of a stored “zero” and positive on read-out of a stored

6lone.” .

It is to be noted that in reading out the “one” or posi-
tively charged region, the charge that exists prior to bom-
bardment by the cathode beam is completely neutralized
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and that the regenerated charge is produced during the
period that the backing plate pulse is applied. This action

_is advantageous in that repeaied regencration of a partics .

unlar region will not result in a higher potential charge
building up with unequal read-out signal magnitudes be.
ing ptesent. o ) ‘

The circuit components shown in block form in Fig. 2
are illustrated in detail in Figs. 3-5 and will now be de-
scribed to provide a more complete understanding of the
circuitry employed in the resetting operation, Referring
now to Fig. 3, the Beam. On Pulse appearing on conduc-
tor 9 is applied through diode 10 and conductor 11 to the
input of the cathode follower circuit 13. The latter com-
prises a tube also labeled 13 as shown in Fig. 5. Plate
13-1 of tube 13 is connected with a plate supply source
of 150 volts and its cathode 13-2 connected through
an 8.2K resistor to a potential source of —82 volts.
Output lead 14 is connected to the cathode and is held
at the cathode bias potential when the tube is not conduc-
tive, however. as the positive Beam On Pulse appears
on grid 13-3, the tube 13 fires and the output lead 14
swings to a positive value. This positive output pulse
appears on the conductor 14 and is applied to one input
terminal of the diode coincidence circuit A and to the
grids of the cathode follower circuit 15. Cathode fol-
lower 15 is similar to the cathode follower 13, however,
two similar paralleled tube units are employed. The
plates 15-1 are coupled to a 4150 volt.supply and the
cathodes connected through individual 8.2K resistors to
a —82 volt source. ' Each grid 15-3 is connected to line
14 through a separate 330 ohm resistor. The output cir-
cuit 16 is connected with each of the cathodes and is held
at cathode potential when tube 15 is in a low conducting
state. As the positive pulse appears on line 14, at 3.0
microseconds time, tube 15 is rendered conductive and
output lead 16 swings positive as shown graphically in
Fig. 1. - o

As previously mentioned, one terminal of the diode
“and” circuit A also is connected with lead 14 and a
positive selecting pulse is applied to conductor 17 con-
nected to the other input terminal. . :

“And” circuit A comprises a pair of coupling diodes
A1 and A2, respectively, connected in series with the in-
put circuits 14 and 17 through coupling individual ca-
pacitors with a clamping diode A3 connected between the
output circuit 18 and a voltage source E3. A pair of
similar resistors R1 connect each of the input terminals
to & voltage source E1 and a resistor R2 connects the out-
put lead 18 to a voltage source E2. The supply voltages
are adjusted so that E2 is greater than E3 and E3 is greater
than E1 and the coupling and clamping dicdes are con-
ducting with no input signal applied. Upon coincident
application of positive input signals, both of the diodes Al
and A2 are cut off and the output voltage on line 18
then rises so that a positive pulse is applied through a 330

v 10
and the screen grid 218 is connected through a 100 ohm

resistor to the 150 volt source, The cathode 21-2 and
suppressor grid 21-4 are commonly connected through -
a 10 ohm and series connected adjustable 200 ohm .
resistor to a source of —82 volts potential. As the
pulse appearing on-lead 20b is applied to the grid 21-3,
tube 21 which is normally in a conductive state becomes
cut off.  Output lead 22 is coupled to the plate 21-1,
and is subjected toan increase in potential for the interval
that tubé conductivity is decreased and this positive pulse

_ is applied to the anode of the left half of the aforemen-
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ohm resistor to the control grid 19-3 of the inverter '

tube 19.

The cathode 19-2 and suppressor grid 19-4 are ground- -

ed and the screen grid 19-5 is connected through a 100
ohm resistor to @ +150 volt source of potential. The
plate 19-1 is connected through two series connected 100
millihenry coils and a 30K resistor to a +220 volt source

of potential. These connecting elements are provided to.

give a desirable pulse rise time as is conventional practice.

Leads 20 and 20a connect the plate 19-1 and the
right hand section of tube 23 to a 4150 volt regulated
source of potential so as to establish the plate potential
applied to tube 19 at a maximum of +150 volts. As the
positive pulse-appears on lead 18, the tube 19 conducts
and lead 20 is subjected to a lower potential for the period
that the tube is conductive and this negative swing in
voltage on line 20 is applied via lead 20b to the control
grid 21-3 of the inverter tube 21. The plate 211 of this
tube is connected to the 4220 volt source through a 100
mh, coil and series connected 17.5K and 3K resistors
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tioned double diode clipper 23.. The output pulse applied
to- the control grid 4 of the-memory tube appears on lead
24 which is coupled to the left anode of diode 23 and,
therefore, may not rise above the --150 volts potential
maintained on the cathode of the clipper 23 by the regu
lated 150 volt source. . -
The backing plate modulating circuit comprising com-
ponents 26, 28, 30, 32 and 34 are shown in detail in
Figure 4 of the drawings. The Backing Plate clock pulse
appears on terminal 25 as described, and is applied to
grid 26-3 of pull over tube 26. The grid 26-3 is normal-
ly biased to cut off by connection to a resistor bridge 70
which is connected at one end to ground and at the
other end to a conductor 71 which is maintained at ap-
proximately —82 volts. The plate 28-1 of blocking
oscillator tube 28 and the plate 26-1 of pull over tube 26
are commonly coupled to a conductor 72 through a coil
73. Conductor 72 is connected to a +4-220 volt' source
through a filter circuit comprising a 10 mh. coil and .05
uf. condenser. The cathode 26-2 of the pull over tube is
connected directly to ground and -the cathode 28-2 of
the oscillator tube is connected through a 300 ohm and
100 ohm adjustable resistor to ground. ‘A coil 74-is in-
ductively coupled with the coil 73 and is connected at
one end to the conductor 71 and at the other end to the
grid 28-3 of the oscillator tube. As the positive Backing
Plate clock pulse appears on line 25 and is applied to the
grid 26-3 this tube is rendered conductive and a current
pulse flows through the coil 73. A voltage of opposite
polarity is induced in coil 74 which drives the grid 28-3
of the oscillator tube positive and the latter then starts
to conduct. Being commonly coupled through coil 73,
this further increases the current in this coil until by
this cumulative action, the grid 28-3 is driven in the posi-
tive region of tube saturation.  When this condition takes
place, the tube current begin to lessen and the grid po-
tential becomes cumulatively more negative until “the
tube 28 completely cuts cff. This blocking - oscillator
action results in a pulse of approximately one micro-
second duration as determined by the constant of coils

“#3 and 74 and has a sharp rise and fall time with no

overshoots. A coil 75 is inductively coupled with coil
73 and a vcltage pulse is induccd therein and applied
through lead 29 to the grid 30-3 of the cathode fol-
lower tube 30; The plate 30—1 of this tube is connected
to a line 76 and its.cathode 30-2 connected to the —82
volt conductor:71 through a resistor 80. Line 76 is con-
nected to a ~+150 volt source- through a filter circuit
comprising a 10 mh. coil and .05 pf. condenser. As the
positive: pulse induced in coil 75 is applied to the grid
30-3, tube 30 is rendered conductive and a positive out-
put pulse appears on line 31 which is connected to the
cathode of this tube. This positive pulse is applied to
the grid 32-3 of a second cathcde follower tube 32
through a clipping circuit comprising resistor 81 and a
pair of diodes 82 and 83 with resistor 81 providing a fairly
high input impedance to tube 32. The plate 32-1 is.con-
nected to the plate 30-1 and energized from the same
potential source through line ‘76 and the cathode 32-2
is connected to line 71 through resistor 84. Output lead
33 is connected to cathode 32-2 and ‘is normally nega-
tive, however, as the grid 32-3 is pulsed positively and
tube 32 conducts, the cathode swings. positively and a
positive output pulse of approximately one microsecond



9,840,015

11
duration appears on line 33 and is apphed to the inverter-

circuit 34. The plate 34-1 of the inverter tube 34 is con- "
- nected to lead 35 which is normally held at ground poten- .-

tial by the connection through a resistor 36 and diode

37. The cathode 34-2 and suppressor grid 34-5 are con- .

_niected to a line 85 held at —150 volts while the screen
"grid 34-4 is grounded, " ‘The control grid 34-3 is biased
negatively through a paralleled 10K resistor and diode

" coupled to a bleeder which is connected across the lines
85 and 86.

As the positive pulse is applied over conductor 33 and
through a 10 ohm resistor to the grid 34-3, tube 34 is
rendered conductive and the plate 34-1 and output lead
35 connected thereto, swings negatively., The output
lead 35 is connected to the backing plate 6 with resistor

- 36 connected. as shown between the backmg plate and
barrier grid 8.

In the actual operating model constructed, the inverter
circuit comprises four pentodes identical to the one ilus-
trated, connected in parallel. In like manner, diode 37
which is coupled to conductor 35 comprises four double

- diodes also connected in parallel in order to provide the
capac1ty needed and to save space required for mount-
ing a single tube of larger capacxty
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As prevxoudy mentioned, the ampliﬁer circuit 50 s
sub]ected to the large negative backmg plate pulse from

“."4,0 t0'5.12 microseconds time and, in reading out a stored

positive charge, must faithfully reproduce a small nega-
tive pulse during the fourth microsecond inferval ‘of the
cycle It is for this. reason that a’six microsecond inter-

‘val is provided in the cycle between the backing: plate

- pulse and read-out amplification "and- this period’ allows
. the. amplifier elements to. recover from the backing plate -
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pulse prxor to reading the slgnal pulse. Thc amplifier

. circuit §0 is illustrated in detail in Fig. 5.and is designed

for-a high recovery rate. ‘The novel features of the am- -
plifier circuit include use of cathode coupled-stages fol-
lowed by a single pentode stage: with a short time con-
stant coupling circuit employed between the several cath-
ode coupled stages and the pentode stage. A variable
positive bias is utilized by the pentode stage to limit over-
shoots caused by the short time constant input and to
give maximum gain at the moment the barrier:grid tube
is interrogated and a read-out signal obtained .from .the
backing plate.

The diode bank 37 (Fig. 4) is provxded to limit the
magnitude of the backing plate pulse applled to the am-
plifier 50, however, if the barrier grid 8 is grounded rather
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amplifier normally inverts a negative input signal so as
to produce a large positive output. Thus, if the backing
plate pulse were conventionally amplified, the positive
output obtained would be sufficiently large to drive the
grid of a following stage positive with respect to its cath-
ode causing the grid to conduct current. This grid cur-
rent would charge up the normally employed coupling
capacitor and it would remain charged when the backing
plate pulse decayed so that the grid would have a bias
which would cut off the tube. Until the coupling capaci-
tor discharges, the tube could not amplify any signal.
The discharge time of such a coupling capacitor would
be longer than the charge time as it charges through the
grid to cathode impedance, which is very low when the
grid is positive with respect to the cathode but otherwise
very high. The use of cathode coupled grounded stages
V1 to V4 avoid this problem as the input is not inverted
and the backing plate pulse remains negative until the

signal is of appreciable magnitude with respect to the

backing plate pulse.

The negative output pulse appearing on lead 95 is ap-
plied to the grid 96 of the succeeding cathode coupled
stage V2 and the output from stage V2 is applied to the
succeeding stage V3, both of which function in an identi-
cal manner described in connection with the stage V1.
The amplified negative output pulse sensed from the
plate of tube V3b appears on lead 99 and is fed to the
grid 100 of tube section a of stage V4. This negative
pulse reduces the current flow in this stage in the same
manner as described in connection with tube section a of
stage V1. The cathode of V4b is then subjected to a
negative pulse as in the preceding stages due to the de-
crease in current through the 200 ohm cathode resistor
with the same resultant effect on the tube conductivity as
if a positive pulse were applied to its grid. The plate of
tube V4a becomes more positive as tube conductivity les-
sens and a positive pulse appears on lead 101 connected
to this element and is applied to grid 162 of tube V4b
which is positively biased through the bridges 15K and
470K resistors shown. ~The previously described negative
pulse applied to the cathode of tube V4b and the positive
pulse applied through lead 101 to its grid 102 are in
phase and a regenerative boosting effect is produced. A
negative output signal appears on lead 103 connected to
the plate of tube V4b and is differentiated by a condenser
104 and resistor 105 which serve to shorten the apparent
length of the amplified plate pule. This differentiated
pulse is applied through a 100 ohm resistor to the control
grid 106 of a pentode tube, V5. A positive bias is applied
to the grid 106 through an adjustable resistor 107 con:
nected at one end through an 80K resistor to a lead 110,
maintained at a potential of approximately +185 volts.
The other end of resistor 107 is connected to ground.
The plate of the pentode tube V5 is connected through
a plate resistor 111, a resistor 112 and a condenser 113
to a conductor 114 which is maintained at a potential of
+150 volts. The elements 112 and 113 and a condenser
115 comprise a high frequency filter network similar to
that described in connection with the V1 stage and which
is also employed in each of the stages V2, V3 and V4.

The output signal is taken from the plate of the pen-
tode and appears as a positive pulse on lead 116 since
the negative pulse applied to the grid 106 reduces the
conductivity of the pentode V5 and lessens the IR drop
across the resistors 111 and 112 and the plate approaches

more nearly the voltage of the 150 volt plate supply -

source. The output pulse on lead 116 is applied to grid
117 of a cathode followed tube 118. The plate of -the
tube 118 is connected through a 470 ohm resistor to
lead 114 and its cathode connected through a resistor

120 to a conductor 121 which is maintained at a poten-

tial of —82 volts.. As the positive pulse is applied to
grid 117, the tube 118 conducts and the potential of its
cathode increases so that a positive pulse appears on
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output lead 51, which is ccnnected thereto and, as shown
in Fig. 2, is coupled to the input of the “and-inverter”
circuit 52. ) o

The “and-inverter” circuit 52 is shown in detail in the
upper right hand portion of Fig. 3 and consists of a
pentode 52 having control grid 52-3 and suppressor grid
52-5. The plate 52-1 is connected. through a 4.7K
resistor and a 33K resistor to a --220 vol¢ source and
its cathode 522 is grounded as shown. A high frequency
filter network is ‘provided by the paralleled 0.1 uf. con-
denser and 68K resistor connected to the junction of .
the two aforementioned resistors and serves to prevent
application of spurious signals to the plate circuit. The
positive output pulses from amplifier 56 are applied via
lead 51 to the grid 52-5 and the positive Sampie I Pulse
is applied over conductor 53 to the. second grid §2-3.
Coincident application of pulses: of like polarities to’
both of these grids causes the tube 52 to conduct and the
output lead 54 which is connected to the plate 52-1 .of-
the tube is subjected to a reduction in potential for the
duration of tube conductivity so that a negative output
pulse is produced. As the backing plate pulse is applied
to the memory tube from 4.0 microseconds time to 5.12

" microseconds time while the Sample I Pulse appears

at 3.46 microseconds time, there is no coincidence of
idputs to the grids 52-3 and 52-5 and the pentode 52 -
The output lead 54, therefore, re-
mains at the potential of plate 52-1 during this interval.
The read-out signal pulse is obtained while the cathode
beam is turned on. from 3.0 to 4.0 microseconds time
and after amplification appears at grid 52-5 coincident
in time with the appearance of the Sample I Pulse on
grid 52-3 and a negative output pulse is produced at
the plate of tube 52.

The negative output pulse then appearing on line 54
is applied to the grid 55-3 of inverter tube 55. Plate
§5-1 is connected to 4150 volt source through a 4.7K
resistor and cathode 55-2 is grounded through a 100
ohm resistor and the tube is normally in a conductive
state with output lead 56, connected to plate 55-1, held
at a low positive value.  As the negative input pulse
appears at grid 55-3 tube conductivity is reduced and
the potential of the plate 55-1 and output lead 56
approaches the 150 volt potential of the plate supply
source. This positive voltage swing is applied to the
anode of diode 57 overcoming the negative bias from
the bridged 68K and 22K resistors and, as described in

- connection with the Fig. 2 block diagram, is effective to

charge condenser C58.
The positive pulse is also applied through lead 59 to
the “and-inverter” 60 which operates in a manner similar
to the previously described circuit 52 with the positive
input pulse from line 59 applied to suppressor grid 60-5
and the Sample II positive clock pulse applied through
lead 61 to control grid 60-3. The output lead 130 is
connected to the plate 60-1 and, as the latter swings
to a less positive value on conduction of the tube, a
negative pulse is applied to the cathode of diode 62 to
allow the condenser C12 to discharge through apath
including the diode 62, conductor 130, a crystal diode 131
and a 4.7K resistor to ground.

As the condenser C12 is diséharged, the output of

. cathode follower 43 becomes negative and the cathode:

beam is cut off and the cathode follower tube 15 is )
simultaneously extinguished to. terminate the output pulse
on line 16. Condenser C58/is then ‘discharged by the
Dash Clamp Pulse which is applied to lead 40 at 6.0
microseconds time and pulls the cathode of diode 63
negative ‘providing a discharge -path through this circuit
and preparing condenser C58. for 'the next cycle of.
regenerative operation. e . :
As shown graphically in Fig. 1, the output pulses
appearing on conductor 16 indicate read-out of a “zero”
or a “one” by the length of the output pulse. Qutput
lead 16 is coupled to one inputeterminal of an “and-
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inverter” circuit 65 and a positive clock pulse is applied
at 5.50 microseconds time on a lead 66 connected to
the second input terminal. The “and-inverter” circuit
65 is substantially identical to the previously described
circuit 45 and, to avoid repetition, will not be struc-
turally described. Tt will be seen that coincidence of
both the clock pulse on lead 66 and the output pulse
on lead 16 occurs only when a “zero” is read out and
that at this time both of the conirol grids are simul-
taneously positive so that lead 67, which is connected
with the plate 65-1, swings negatively at 5.50 micro-
seconds time. When a one is read out, line 16 is nega-
tive at 5.50 microseconds time and the positive pulse
appearing on line 66 is ineffective to cause tube 65 to
conduct so ‘that the output lead 67 remains at a positive
potentialy it :

" While thére have been shown and described and pointed
out the fundamental novel features of the invention as
applied to a preferred embodiment, it will be understood
that various omissions and substitutions and changes in
the: form and details of the device illustrated and in its
operation may be made by those skilled in the art,
+ without departing from the spirit of the invention. 1t is
the intention, therefore, to be limited only as indicated
by the ‘scope of the following claims.

What is claimed is: .

1. Apparatus for storing binary information in an
electrostatic memory tube having components including
an electron gun, control grid, dielectric target and backing
plate; comprising means for applying a short duration
voltage pulse to said backing plate during each cycle
of tube operation, means for turning on the cathode
beam before said short duration voltage puise is applied
to said backing plate, means for selectively turning off
the cathode beam before said short duration backing
plate pulse is terminated, and further means for turning
off the cathode beam after said short duration backing
plate pulse is terminated in the event the cathode beam
has not been selectively turned off, said cathode beam
being on for some interval while said short duration
backing plate pulse is applied.

2. Apparatus for storing binary information in an
clectrostatic memory tube having components including
a cathode beam control grid, dielectric target and capac-
itatively coupled backing plate; comprising means for
turning on the cathode beam, means for applying a nega-
tive potential pulse to the backing plate and termi-
nating the negative potential pulse, means for turning off
the cathode beam after said pulse is terminated in writing
a “zero,” and further means for terminating the negative
potential backing plate pulse after the beam has been
turned off in writing a “one,” said cathode beam being
on for some interval while said negative potential pulse
is applied.

3. Apparatus for regenerating binary information
stored as distinctive charge states on the dielectric target
of an electrostatic memory tube having components
including a dielectric target, a cathode beam control grid
nd a backing plate capacitatively coupled with said
target; said apparatus comprising means for turning on
the cathode beam so as to bombard a particular target
region, means coupled to said backing plate for sensing
the charge state on the bombarded target region, means
for applying a short duration negative potential pulse
to said backing plate, means for turning off said cathode
beam before said short duration pulse is terminated on
sensing a first charge state, and further means for turning
off said cathode beam after said short duration negative
pulse is terminated on sensing a second charge state,
said cathode beam being on for some interval while said
negative potential pulse is applied.

4. Apparatus for storing and regenerating stored binary
information as distinctive charge states on the dielectric
target of an electrostatic memory tube having com-
ponents including a dielectric target, a cathode beam
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control grid and a backing plate capacitatively coupled
with said dielectric target; said apparatus comprising
means for turning on the cathode beam during each cycle
of tube operation so as to impinge an elemental target
region, means for applying a short duration voltage pulse
to said backing plate during each cycle of tube opera-
tion, means coupled to said backing plate for sensing the
charge state on the elemental region impinged by the
cathode beam during that interval of the cycle while
the beam is turned on and before the short duration
backing plate pulse is applied, regenerate means for
turning off said cathode beam before said backing plate
pulse is terminated on sensing a first charge state, further
regenerate means for turning off said cathode beam after
said ‘backing plate pulse is terminated on semsing a
second charge state, ‘write. zero means for turning said
cathode “beam  off after -said backing plate pulse is
terminated regardless of the sensing of a first charge
state in storing a second charge state, and write one means
for turning said cathode beam off before said backing
plate pulse is terminated regardless of the sensing of
a second charge state in storing a first charge state.

5. Apparatus for storing and regenerating stored in-
formation represented by distinctive charge states on the
dielectric target of a cathode ray type storage tube
having components including a dielectric target, a cathode
beam control grid and a backing plate capacitatively
coupled with said dielectric target; said apparatus com-
prising means for turning on the cathode beam during
each cycle of tube operation to impinge an elemental
target region, sensing means coupled to said backing plate
for determining the charge state stored on the target
region impinged by said beam, means for applying a short
duration voltage pulse to said backing plate during each
cycle of tube operation, regenerate means for turning off
said beam before said short duration voltage pulse is
terminated on determining the presence of a first charge
state, further regenerate means for turning said beam off
after said short duration voltage pulse is terminated on
determining the presence of a second charge state, and
write means for selectively turning off said cathode beam
before said short duration-pulse is terminated on storing
a first charge state and after said short duration pulse is

-terminated on- storing a second charge state while dis-

abling control of said cathode beam by said sensing
means.

6. An electrostatic storage system comprising in com-
bination, a cathode ray type storage tube having com-
ponents including an electron gun, beam deflection elec-
trodes, control grid, collector grid, barrier grid, dielectric
target and capacitatively coupled backing plate; means
for establishing distinguishable charge states on an ele-
mental region of said target including means for energiz-
ing said control grid and turning on the cathode beam
at’a uniform time during each cycle of tube operation,
means for applying a pulse of short duration to said
backing plate for a uniform interval during each cycle
of tube operation, and means selectively operable to turn
off the cathode beam before said pulse is terminated
during each cycle of tube operation said cathode beam
being on for some interval while said pulse of short dura-
tion is applied.

7. An electrostatic storage system comprising in com-
bination, a cathode ray type storage tube having com-
ponents including an electron gun, beam deflection elec-
trodes, a control grid, a collector electrode, a barrier grid,
a dielectric target and capacitatively coupled backing
plate; means including said control grid for turning on
said cathode beam and bombarding an elemental target
region, sensing means coupled with said backing plate for
sensing the charge state existing on said elemental region,
means applying a short duration negative potential pulse
to said backing plate, means for turning off said cathode
beam before said short duration pulse is terminated on
sensing a first charge state, and other means for turning
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off said cathode beam after said short duration pulse is
terminated on sensing a second charge state said cathode
beam being on for some intcrval while said short dura-
tion negative pulse is applied.

8. An electrostatic storage system comprising the.ap-
paratus as set forth in claim 7 including means for se-
lectively controlling said cathode beam to turn off said
beam before said short duration pulse is terminated with-
out regard to the state of charge stored on said elemental
region and sensed by said sensing means. .

9, Apparatus as set forth in claim 7 in which said
sensing means includes an amplifier circuit comprising a
plurality of cathode coupled grounded grid amplifier
stages and a single pentode output stage.

10. Apparatus as set forth in claim 7 -in which said
sensing means includes an amplifier circuit comprising in
combination, a plurality of cathode coupled triode am-
plifier stages and a single pentode stage, said triode am-

. plifier stages each comprising a pair of triodes, resistor
means connecting the cathodes-of each of said pair of
triodes to ground, a source of plate potential, means con-
necting the plates of said triodes to said source, gain con-
trol means connecting said cathode resistor and the grid
of one of said triodes of each cathode coupled stage,
means providing positive grid bias for the output triode
of the last cathode coupled stage, feed back means
coupling the grid of said output triode and plate of the
associated triode of the last cathode coupled stage, and
means comprising a short time constant circuit coupling
said last triode stage and said pentode stage. :

11. An electrostatic storage system comprising in com-
bination, a barrier grid storage tube having components
including a beam control grid, dielectric target surface
and capacitatively coupled backing plate, with binary in-
formation stored as distinctive charge states on said di-
electric surface; means for modulating said control grid
so as to turn on the cathode beam at a particular time
during each cycle of storage tube operation and bombard
a particular elemental target region, sensing means in-
cluding an amplifier connected to said backing plate for
sensing the state of charge existing on said elemental
target region, means for modulating said backing plate for
a short interval of time during each cycle of operation
after said cathode beam has been turned on, means op-

erable to turn off said cathode beam after termination of -

the backing plate modulation interval, first and second
means operable to turn off said cathode beam before
termination of the backing plate modulation interval,
said first means being selectively operable and said sec-
ond means being operable in response to said sensing
means on sensing a particular charge state on said di-
electric target. .J

18 o
14, An electrostatic storage system comprising a cath-
ode ray type storage tube having an evacuated envelope,
electron gun means including a control grid mounted
within said envelope for forming and focusing a beam of
electrons along a path, a rectangular target mounted with-
in said ‘envelope and positioned to intercept said beam,
said target having a surface providing secondary electron
emission when impinged by said beam, a backing plate

. 'positioned in contact with said target on the side opposite

10

to that upon which the beam impinges, a barrier grid

comprising a fine mesh screen positioned in contact with
the bombarded target surface, a collector electrode within
said envelope for collecting said secondary electron emis-
sion and positioned between said electron gun means and
said barrier grid, said collector electrode being formed
of a plurality of strands of wire between which the beam
passes, and means for applying potentials to said control
grid and to said backing plate so as to establish. distinguish-

" able charge states on said target surface.
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12. An electrostatic storage system comprising a cath-

ode ray type storage tube having components including
an electron gun, beam deflection electrodes, a control
grid, a barrier grid, a dielectric target and capacitatively
coupled backing plate; means including said control grid
for turning on said cathode beam and bombarding an
elemental target region, sensing means coupled with said
backing plate for sensing the charge state existing on said
elemental region, said sensing means including an am-
plifier comprising a plurality of cathode coupled grounded
grid amplifier stages, means for applying a voltage pulse
to said backing plate, means for turning off said cathode
beam before said voltage pulse is terminated on sensing
a first charge state, and other means for turning off said
cathode beam after said voltage pulse is terminated on
sensing a second charge state.

13. An electrostatic storage system comprising appa-
ratus as set forth in claim 12 including means for selec-
tively controlling said cathode beam to turn off said beam
before said short duration pulse is terminated without
regard to the state of charge stored on said elemental
region and sensed by said sensing means.

LL]

15. An electrostatic storage system comprising, in com-
bination, a cathode ray type storage tube having com-
ponents including an electron gun and beam control grid,
beam deflection electrodes, a collector electrode, a barrier -
grid, a dielectric target and capacitatively coupled backing

plate; means for applying a negative potential pulse to. - - '

said backing plate for an interval of time; means. includ--
ing said control grid for turning on the cathode beam and
bombarding an elemental target region for a period at .

‘least 1V2 times as long as said interval of time; first con-

trol means for causing said beam to be turned off at least
an instant before said backing plate pulse is terminated;
and second control means for causing said beamto be

_turned off after said backing plate pulse has been ter:

minated for a period at least half as long as said interval
of time. . [
16. An electrostatic storage system comprising, in com-
bination, ‘a cathode ray type storage tube hdving com-
ponents including an electron gun, beam deflection elec-

- trodes, a control grid, a collector electrode, a barrier

grid, a dielectric target and capacitatively coupled back-
ing plate; means including said control grid for turning on
said cathode beam and bombarding an elemental target
region, means applying a short duration voltage pulse to
said backing plate; sensing means coupled with said back-
ing plate for sensing the charge. state exXisting on said
elemental region; means for turning off said cathode
beam before said short duration pulse is terminated on

sensing a first charge state; other means for turning off . »

said cathode beam after said short duration pulse is
terminated on sensing a second charge state; and means
connected to .said backing plate and providing a high
resistance path to ground during operation of said sensing
means and a low resistance path to ground during ap-
plication of said short duration pulse.

17. An electrostatic memory system comprising in com-
bination, cathode ray type memory tube means including

“a dielectric target and capacitatively ~ coupled backing

plate, pulse generator means coupléd to said backing plate
and adapted to apply negative impulses thereto, sensing
means coupled to said backing plate and adapted to detect
a change in electrostatic charge developed on said dielec- -
tric target, said sensing means including an amplifier cir-

~ cuit having a plurality of cathode coupled triode amplifier

65

stages and a single pentode amplifier stage, each of said

~ cathode coupled stages comprising a pair of triode dis-

70

(-

charge devices, a common resistor means connecting the
cathodes of each of said pairs of triodes to ground, a
source of plate potential, means connecting the plate elec-
trodes of each of said cathode coupled stages to said
source, input terminals for each stage connected with the
grid electrode of a first of each of said pair of triodes,
output terminals for each stage connected with the plate

electrode of a second of each of said pair of triodes, means -
connecting the grid of said second triode of each pair to
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s associated common cathode resistor, means connecting
1e output terminal of each stage and the input terminal
f the succeeding stage, regenerative feed back means cou-
ling the plate of the first tricde and grid. of the second
jode of the terminal stage of said plurality of triode
tages and means providing a positive bias to the grid of
aid second triode of said terminal stage, short time con-
tant coupling means connecting said terminal triode stage
nd said pentode stage and means for energizing said
entode stage including variable positive control grid bias
1€ans.

18. An electrostatic storage tube as set forth in claim 6
rherein said barrier grid comprises a ceramic frame mem-
er having a central opening, a first group of coplanar
rid wires arranged in parallel relationship and extending
cross the central opening of said ceramic frame mem-
er, a second/ group of coplanar grid wires arranged in
arallel relationship across the central opening of said
eramic frame member and positioned above and at right
ngles with said first group of grid wires, said ceramic
:ame member and said grid wires having substantially
1e same coefficient of expansion, and said dielectric target
omprises a sheet supported between said grid wires and
1id frame member and superimposed over said central
pening.

19. In an electrostatic storage system as set forth in
laim 16 wherein said collector grid, barrier grid, dielectric
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target and backing plate comprise a target assembly, said
collector grid being formed of a single group of parallel
grid wires supported on a first ceramic frame member,
said barrier grid being formed of two groups of parailel
grid wires arranged at 90° to one another and supported
on a second ceramic frame member, said dielectric target
formed of a sheet of dielectric material supported between
said- second frame member and said barrier grid wires,
said backing plate being secured to said dielectric sheet on
the side opposite to that in contact with said barrier grid
wires, and means supporting said first and second fram
members in fixed parallel spaced relationship. ’
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