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[57] ABSTRACT

The information stored on the dielectric target of a
bistable storage tube is read out nondestructively em-
ploying a pulsed electron beam. The electron beam is
turned on for a period having a duration less than nec-
essary to change a given area of the target from one
stable stored potential to another, while the period be-
tween pulsations is long enough so the tube’s flood
beam can return a given area to its original stored
potential.

27 Claims, 4 Drawing Figures
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CHARGE IMAGE STORAGE METHOD AND
APPARATUS

Matter enclosed in heavy brackets [ 1 appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This is a continuation of application Ser. No. 106,613
filed Jan. 14, 1971, now abandoned which is a reissue
of U.S. Pat. No. 3,426,238.

This invention relates to a charge image storage
method and apparatus and particularly to such a
method and apparatus providing high quality non-
destructive read-out signals.

Information may be stored on the dielectric target of
a cathode ray tube type device in the form of a plurality
of electric charges. This information may be either
digital, or pictorial as, for example, representing a
curve or other visual information. Such a storage tube
usually includes a high velocity electron gun for writing
information on the dielectric target and one or more
flood guns for retaining information on the target as a
result of the secondary emission properties of the sys-
tem. Information is then conventionally read out by
means of a high velocity beam, either from the same
gun or a gun similar to the one employed in writing the
information. During read-out, charge is placed on a
particular target area and causes an output signal on a
signal plate associated with the target in accordance
with the information previously stored. This method
may destroy the information read out since information
is read out in the same manner it 1s written.

A high velocity electron beam employed for reading
information from a storage target may be deflected to
scan over the surface of the storage target in a raster
fashion in order to sequentially pass over the various
storage locations and read out any or all of the stored
information. If the beam scans rapidly and infrequently
over areas of the target bearing charge information,
destruction of the information stored will be avoided.
However, when information is read out quite rapidly by
means of a rapidly scanning electron beam, the intor-
mation may encounter bandwidth problems when pres-
ented to ordinary communication circuitry for trans-
mitting stored information from one location to an-
other. The magnitude of the read-out current derived is
also dependent upon the scanning rate. As the scanning
rate and the beam current are decreased, the read-out
current indicative of a particular element or area of
target information is decreased. The read-out signal
currents are then small and difficult to amplify, taxing
the state of the art amplifier technology.

It is therefore an object of the present invention to
provide an improved charge image storage method and
apparatus wherein stored information is nondestruc-
tively read out.

Another object of the present invention is to provide
an improved charge image storage method and appara-
tus wherein information may be nondestructively read
out at a slow rate in order to accommodate low band-
width transmission systems and wherein the scanning
beam may be stopped during its scan without destroy-
ing the information stored at that location.

It is another object of the present invention to pro-
vide an improved charge 1mage storage apparatus em-
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ploying an electron beam for slowly scanning the stored
information.

It is another object of the present invention to pro-
vide an improved charge image storage method and
apparatus wherein beam scanning of the stored infor-
mation is not necessary.

It is another object of the present invention to pro-
vide an improved charge image storage method and
apparatus for nondestructively reading stored informa-
tion in a manner providing higher amplitude read-out
signals suitable for application to ordinary A.C. cou-
pled amplification apparatus.

In accordance with the method and apparatus of the
present invention, the information stored on a Ldielec-
tric ] storage tube target is read out employing a L rel-
atively high velocity 3 pulsating electron beam for
interrogation. The interrogating electron beam may be
either stationary or it may be scanned as desired in
order to derive information from individual locations
or the entire target. The electron beam is pulsed for
periods having a duration less than [ necessary to
change a selected area of the storage tube target from
one stable stored potential to another, that 1s, less than
would be required to erase and write new imformation
on the target. The J will cause erasure of stored infor-
mation. In a particularembodiment, the period between
pulsations is [ then J arranged to be sufficient for
[ the ] a flood beam associated with the storage tube
to drive the area read back to its stable potential before
another beam pulsation 1s received.

The subject matter which I regard as my invention 1is
particularly pointed out and distinctly claimed in the
concluding portion of this specification. The invention,
however, both as to organization and method of opera-
tion, together with further advantages and objects
thereof, may best be understood by reference to the
following description taken in connection with the
accompanying drawings wherein like reference charac-
ters refer to like elements and 1n which:

FIG. 1 is a schematic diagram of a charge image
storage apparatus in accordance with the present in-
vention,

FIG. 2 is a schematic diagram of charge image stor-
age apparatus at a location remote from that illustrated
in FIG. 1 which 1s connected to the FIG. 1 apparatus,

FIG. 3 is a plot of target potential versus signal plate
potential in a charge image storage apparatus accord-
ing to the present invention, and

FIG. 4 is a plot of target secondary emission ratio
versus target potential for a charge image storage appa-
ratus in accordance with the present invention.

Referring to FIG. 1, a charge image storage appara-
tus according to the present invention includes a stor-
age tube envelope 10 formed of insulating material
housing a principal electron gun including a filament
12, a cathode 14 connected to a high negative voltage
source, a control grid 16, and a focusing and accelerat-
ing structure 18. The electron beam 20 produced by
the principal electron gun is deflected horizontally by
means of horizontal deflection plates 22 and vertically
by means of vertical deflection plates 24. The beam 1s
directed towards a target 46 at the opposite end of the
tube. The storage tube is additionally provided with
one or more flood type electron guns 26 each having a
cathode 28, a control grid 30, and an anode 32, and

which are supported inside the envelope 10 adjacent
the end of the vertical deflection plates 24 closest the

target. Cathodes 28 are conveniently maintained at the
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zero volt level while grids 30 are suitably connected to
a —25 volts. Electrons emitted from the flood guns
diverge into a wide beam which is substantially uni-
formly distributed towards the target 46.

A plurality of electrodes are also provided on the
inner surface of envelope 10 beyond the flood guns. A
first electrode 34, connected to midpoint of a voltage
divider comprising resistors 36 and 38 coupled be-
tween a plus 250 volts and ground, acts to provide a
more uniform electric field to collimate electrons. A
collector electrode 40 near the target end of the tube is
connected at a midpoint of a voltage divider including
resistors 42 and 44 coupled between a plus 500 volts
and ground. This electrode can perform the additional
function of collecting secondary electrons as will here-
mafter become more evident.

Storage target 46 is disposed on the inner side of glass
end plate 48 and includes a transparent signal plate 50
over which is disposed a [ photosensitive ] dielectric
82 L, suitably 3 which may be photosensitive, for exam-
ple an integral layer of P-1 type phosphor. Signal plate
50 1s a thin transparent conductive coating such as tin
oxide or the like and is connected to the midpoint of a
voltage divider comprising resistors 56 and 38 disposed

between a plus 500 volts and ground. The tube voltages -

are selected to result in the desired secondary emission
characteristic of the tube as illustrated in FI1G. 4 where
secondary emission ratio 1s plotted against target po-
tential.

An amplifier 54, which may be of the alternating
current coupled type, has 1ts input coupled to signal
plate 50. Amplifier 54 drives a Schmitt trigger circuit
57, the output of which is coupied to multivibrator 39.
The Schmitt trigger circuit §7 and multivibrator 59
operate as a shaping circuit or pulse stretcher to pro-
vide an output pulse 60 of uniform length and magni-
tude at a time when the input voltage threshold of
Schmitt trigger circuit 57 is exceeded. Output pulse 60
of multivibrator 59 is applied to mixer 61 in common
with an output of scan and synchronization generator
62.

The scan and synchronization generator 62 princi-
pally provides horizontal and vertical scanning signals
to horizontal and vertical plates 22 and 24 respectively
of the storage tube. These scanning signals are suitably
of the same general type employed in television prac-
tice and cause electron beam 20 to systematically and
periodically scan target 46 in a scanning raster. The
synchronizing signals corresponding to such scanning
raster are applied to mixer 61 by way of lead 64. The
synchronization signals 66 are indicated at the output
of mixer 61, mixed with the output of multivibrator 59.
The output of mixer 61 is coupled to bandpass filter 68
and from there to a telephone line 70 employed ftor
communication with a remote location.

Control grid 16 of the principal electron gun 1s con-
nected via double throw switch 72 alternatively to write
generator 74 or an interrogate pulse generator 76.
Write generator 74 applies the signal voltage to grid 16
for writing information charges by means of beam 20
on storage target 46 through the process of secondary
emission. Write generator 74 provides its output at the
same time beam 20 s directed towards or scans over a
selected area or target element where information is to
be written. With switch 72 thrown in the opposite posi-
tion, interrogate pulse generator 76 provides a series of
short duration negative voltage pulses 78 employed for
reading information whereby an output 1s provided on
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signal plate 50. The pulses are such that information 1s
neither written nor destroyed on the storage target 46,
as hereinafter described. The repetition frequency of
pulses 78 is adjusted to be high, for example, an order
of magnitude higher than the repetition rate of infor-
mation over which electron beam 20 scans during read-
ing. This rate cannot, however, exceed the maximum
bit rate of the output system unless this signal 1s later
transformed to fall within the system’s limits.

During operation, the tube polarities are arranged
such that beam 20 has a relatively high velocity for
writing and i1s capable of producing secondary elec-
trons when it strikes storage dielectric 52. Secondary
electrons are then suitably collected by collector 49 1n
which case the potential of collector electrode 40 1s
suitably adjusted to be just slightly higher than the
potential of signal plate 50. The storage dielectric 52
may alternatively have a sufficiently porous structure
to enable secondary electrons emitted from the bom-
barded surface of dielectric 32 to be transmitted there-
through and be collected.

The production of secondary electrons from an ele-
mental area of dielectric 32 on target 46 causes such
area to become relatively positive during operation of
the present invention. Such area 1s retained at a rela-
tively positive potential after beam 20 is scanned past
such elemental area because of the action of flood guns
26. Flood guns 26 produce relatively low velocity elec-
trons which strike the target but which ordinarily have
insufficient velocity for writing information thereon.
When the electrons from flood guns 26 strike areas of
the target upon which a positive charge has not been
written, these flood electrons tend to maintain such
areas at the relatively negative potential of the flood
gun, e.g., zero volts. However, the flood gun electrons
are attracted by positive elemental areas and obtain a
high velocity with respect to these areas producing
continued secondary emission therefrom such that
these areas are maintained relatively positive or near
the potential of signal plate 50 and collector electrode
40. The target thus has bistable properties and 1s capa-
ble of retaining information written thereon, with the
flood beam of electrons driving target areas toward one
of two stable potentials depending upon the informa-
tion written thereon with beam 20.

[ Since J If the phosphor storage dielectric 52 is
photosensitive, a light image directed onto the storage
dielectric, through end plate 48 and transparent signal
plate 30, produces a charge image on the storage die-
lectric corresponding to such light image. The light
image produces charge carriers in the dielectric such
that i1lluminated areas of the target dielectric become
more conductive and tend towards the more positive
potential of signal plate 50. A hght image of sufficient
intensity directed towards target 46 will be maintained
through the action of the flood guns 1n the same man-

ner as an image written on the target by means of elec-
tron beam 20. In order to enhance the photosensitive
characteristics of the phosphor storage dielectric, pho-
toconductive material such as cadmium sulphide or
zinc oxide may be uniformly mixed throughout the
phosphor layer.

As previously mentioned interrogate pulse generator
76 causes a pulsation of electron beam 20 wherein the
pulses are of a predetermined duration and rate such
that information s read out from signal plate 50 nonde-
structively, 1.e., such that information is not read on to
the target nor taken therefrom. During operation, when
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the electron beam 20 strikes an area of the target where
information is written in the form of a positive charge,
an output pulse as indicated at 53 for example will be
produced corresponding to each such pulse 78. The
pulse 1s of relatively short duration and for this reason
is applied to the pulse shaping or stretching circuitry
including Schmitt trigger circuit §7 and multivibrator
59. Schmitt trigger circuit 37 produces an output when
pulse 35 exceeds a predetermined voltage level and
continues to produce such an output until pulse 53
drops below a second predetermined voltage level.
Multivibrator 89, which 1s suitably a one-shot multivi-
brator, provides pulse 60 of uniform amplitude and
duration for each such input pulse 83 applied to the
Schmitt trigger circuit §7. The output pulse 60 of multi-
vibrator 59 is long enough so that it can be received by
and communicated through ordinary communication
equipment. Thus, a plurality of output pulses 60, as
mixed with synchronization signals 66, is suitably ap-
plied to a telephone line 70 through bandpass filter 68.
Bandpass filter 68 suttably excludes 60-cycle and low
frequency hum components. As will heremnafter be-
come more evident, the scanning rate of electron beam
20 in the storage tube may be as slow as described
without resulting in problems of destructive read-out.
Since slow scan rates are possible, the video informa-
tion may be transmitted through communications
equipment of nearly any bandwidth.

The operation of the invention will be further de-
scribed with reference to FIGS. 3 and 4. A bistable
storage device such as the present storage tube is in
general characterized by hysteresis so that for one
value of an independent variable, there are two values
of a dependent variable. Such a hysteresis curve for a
storage tube is illustrated in FIG. 3 where target dielec-
tric potential is plotted against signal plate potential.
The signal plate potential is the potential between the
flood gun cathode 28 and signal plate 50. The potential
between flood gun cathode 28 and the scanned surface
of dielectric 52 is the dependent variable. [ it J It is
noted the potential between the principal electron gun
cathode 14 and signal plate 50 is always high enough to
insure a secondary emission ratio greater than one for
electrons from the principal electron gun. Now if the
signal plate potential is first raised to V, in FIG. 3, the
target potential is single valued. If the signal plate po-
tential is then lowered smoothly to the value V,, the
target potential is also single valued. However, moving
the signal plate potential to V,, therebetween, allows
the target potential to be double valued, but since the
target potential was at a uniform potential when the
signal plate was at V, 1t is now still at a uniform poten-
tial at the lower value indicated at 80. If we *write” a
pattern on the target by preferentially raising selected
areas to a higher potential level, e.g., by means of the
principle of electron gun, we then store information
and raise such areas to a potential indicated at 82,
because of secondary emtssion produced by beam 20.
Writing can also be accomplished, of course, by lower-
ing the resistivity of a target area by photoconductivity.
Now that information has been written on the target, it
1S maintained due to the action of the flood gun in
retaining the negative polarity of unwritten areas and
continuing secondary emission from positive areas.

Examining the secondary emission rat1o versus target
potential curve for the target acted on by the flood gun,
which curve is illustrated in FI1G. 4, we see three points
at which the secondary emission ratio 1s equal to one.
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At Vg, 8=1, because the target, and specifically the
inside surface of dielectric 52, has collected sufficient

electrons to charge a few tenths of a volt negative with
respect to the flood gun cathode, thereby rejecting all
electrons. At V,, the accelerating potential 1s high
enough for the material on the target dielectric surface
to emit secondary electrons, and at V, the target dielec-
tric surface has charged a few volts higher than the
collector and all secondary electrons in excess of pri-
mary electrons are returned to the target. V,and V,are
stable potentials. If the target begins to rise above V,
the target collects electrons, the secondary emission
being less than one, and the target dielectric charges
negatively restoring the target dielectric to Vg If we
bombard the target with a high energy electron beam

20, and allow it to charge by secondary emission to any
‘potential just under V,, 1t will return under the action

of the flood guns to V,; However, if we allow it to
charge more positively than V., due to the action of
beam 20, the secondary emission caused by the flood
electrons will charge the target dielectric positively
until it reaches V,. If it passes V,, the secondary emis-
sion ratio becomes less than one and any electrons
arriving tend to charge the target negatively. V. 1s de-
scribed as the first crossover voltage of the secondary
emission characteristic.

Now, if we wish to read out or interrogate informa-
tion stored on the target, we may do so by means of the
same electron beam 20 which has been employed to
write information on the target, or, alternatively, we
may use a separate but similar electron beam. As when
writing information with such electron beam, secon-
dary emission is produced at the target and information
in the form of positive charge tends to be written. Thus
information defined by the absence of a positive charge
would tend to be destroyed.

In accordance with the present invention, however,
short reading pulses 78 are applied to the grid 16 of the
principal electron gun causing short duration pulsation
of the electron beam 20. The length of each pulsation
1s selected such that the area to which the beam 1s
directed is not entirely changed from one potential to
another. The negative area 1s not rendered positive
because the pulsation i1s shorter than required to
change the selected area from V, to V, as illustrated in
the FIG. 4 curve. That 1s, the pulsation of the electron
beam 20 is short enough so that the potential of the
area being read out does not exceed the first crossover
point, V. of the secondary emission characteristic of
the flood beam. Therefore, the flood beam drives such
area back towards its original stable potential in order
to retain the stored information. Mathematically t 1s
less than:

V.C
{ip(1—8)+id 1—85)]

(1)

In this expression, |

i,~the high energy beam current, that 1s, the current
of beam 20 during read-out,

1~the low energy flood beam current;

0,=secondary emission ratio for i, (greater than 1);

d,=secondary emission for i, (less than 1);

V ~first secondary emission Crossover;

(C=target element capacitance at the area being read
out;
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t=time the high energy beam rests on the target ele-
ment or area.

The time between pulsations of electron beam 20 1s

selected to be long enough for the target area read out

8

tube 86 in the same scanning pattern or raster executed
by the FIG. 1 apparatus.

In order to start operation of the communications
system including the circuits of FIGS. 1 and 2, a start

to return to its original stable state, for example, tfrom > signal is initiated by means of start signal generator 92,
V.to V, In general this time, T, should be more than: transmitting a start pulse to scan and synchronization
generator 62 in FIG. 1 via telephone line 94. The scan

and synchronization generator 62 causes the electron

e beam 20 to execute a predetermined scan of informa-

i1-5,) (2> 1V tion. At this time interrogate pulse generator 76 1s

coupled to control grid 16 by way of switch 72 and

.. . . information is read out, the signal being derived from
Z::'; Ié{zl: Emi:ez?m;zii;?;tg;e ;‘;‘%ﬂ( ff]enl;Z?r: m@:"’ signal plate 50 and amplified in amplifier 54. The resul-
slightly less t‘;an zefg) Howevgr if the fxlsatio%n timz 15 tant pu]se‘mformatmn mcludmg_a plurality of pulses 60

SHHY 1E5 " L b is transmitted over telephone line 70 to storage tube
was materially less than required to take the target to 86. Pulses 60 are of sufficient duration and the con-
:Ee r:irross?\.ier pot:nj[ Ve tflzn the actua}l} mltac;ge 1:[]0 v;gwbh stants of storage tube 86 are such that the information

i ATEge da;ea -'ﬁ'}“% reﬁ o{:t was changed should Be s written upon the target of storage tube 86.

S“I sulguteb Ora Ve in the a O‘iﬁ Expressg}nﬁ 5 4 20 The telephone line transmission system herem em-
5 n the da ove iXpI:ESSIOHS l:;? e}? oted falt. L :511: ployed may be of relatively narrow bandpass character-

» vary during the times t and T, so the inequalities (1) {qics and the scanning rate employed can be quite
and (2) are usually satisfied empirically. In the case of 1,4 1o accommodate such characteristics. For exam-
an exemplary target employed, if a charge is delivered ple, the scanning rate may be reduced to almost zero. It
“?Ct;'i lilll'get ‘L" eaith:'lﬁhbls lless tt}l:an HPIIIZ":"E;‘“&IE[E lg »s 18 noted the amplitude of pulses 60 are standard and the
f:;rgt;t U;;: Ta!z; ma}: beiiifefisrenta It}of::liffe?ezt{izrglelfs ;nlxlng {t}f]ggnf]hromzatmn signals 66 therewith is there-

* : , - ore simplified.

The read-out obtained according to the present in- WhileF; have shown and described a preferred em-
cotlon i, ks i arsuniform i amplde. dment of myivnton, L il be sparnt o ot
o 30, whch i Fixed. and the potential of the 30 Skilled in the art that many changes and moc e o
t C I | lect h 20 with a train of may be made without departing from my invention In
-3flge - };’e pulsc t? €C :’031 ﬂfam withh a rlam Od its Ibroader aspects. 1, therefore, intend th; appended
pulses with an on-ime less than expression (1) an claims to cover all such changes and modifications as
:g:;?;e bg;’js:e:;]';i?ef:gg":::“zﬁ; %;;gtz’:saarijwii?hiii fall within the true spirit and scope of my invention.

- DEs ' ' [ claim:
writing or destroying inform_ation._ > 1. Charge image storage apparatus comprising:

Accordmg to tl:le present invention, a scan may alsp a storage target having capacitance for storing a
be applied to horizontal deflection plates 22 and verti- charge pattern,
cal deﬂectlpn plates 24 so that the entire target arca Is first means for bombarding such storage target with a
suitably read out. When the beam is moving, the off- first beam of electrons capable of causing secon-
2:5 mba&;t t::;i:l :l}g;t:gr;eigga?:e;hueaﬁggsin'(ui )maagdb(ezl)m;%:ll‘; dary emission }f:folr:l Se':fitm a':e? from ;afid stﬁrage

- target upon which saia beam is directea 1or chang-
still be SﬂliSﬁEd-_Si“CE we may interrogate with a sta- inggthe 1.If)falt:-.ige: at such selected areas to store info%—
tionary beam, it is seen that the scan rate 1s of virtually mation, |
no cc;)nsequelnce.d"l'l;erefore, ":-'iﬂfenl:e]}‘ _ SI?WdSC?ngmg 45 second means for bombarding the storage target with
may be employed, for example, when 1t is desired 1o a lower velocity flood beam of electrons acting to
transmit information over a transmission system having drive areas of said target towards one of two stable
low bandwidth capabilities. The output sig_nal is a pulse potentials depending upon information stored
signal, and therefore, A.C. cqupled amplifiers may be thereon by said first means for the purpose of hold-
used throughout the system. Smce. the pulse output also s ing such information on the target,
has a characteristic period, amplifiers of the bandpass means for modulating said first beam to read out
type may be used as well as bandpass filter 68 so that stored potential information located at a selected
interfering signals such as 60-cycle hum can be conve- area of said target at which the first beam is then
niently excluded. The read-out signals are also of rea- directed including means for independently pulsing
sonable amplitude and may be conveniently amphfied 55 said first beam, wherein each pulsation thereof has
with ordinary amplification circuitry. a duration less than necessary to change such se-

FIG. 2 illustrates a circuit for storing information at a lected area from one said stable potential to an-
location remote from the FIG. 1 charge image storage other, the said flood beam driving said area back to
apparatus. Referring to FIG. 2, telephone line 70, com- its stable potential during the time between pulsa-
municating with the FIG. 1 circuit, provides an input 60 tions in order to retain such stable potential of such
for amplifier 84 which drives the control grid or other area, L and
control electrode of a storage tube 86. Storage tube 86 means for systematically scanning said first beam of
is conveniently the same type of storage tube as em- electrons, during read-out, over areas of the largel
ployed in the FIG. 1 apparatus. The output of amplifier where information is stored, and
84 is also applied to a sync separator 83 for deriving 65 means coupled to said target for detecting a read-out

signal.
2. A charge image storage apparatus comprising:
a storage target for storing a charge pattern,

synchronization signals 66 (see FIG. 1) from the Input
signal. These signals synchronize scan generator 90
coupled to drive the deflection apparatus of storage
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means for bombarding said storage target with an
electron beam having a velocity capable of causing
secondary emission from selected areas of said
storage target upon which said beam is directed to
change the voltage at such selected areas for stor-
ing imformation, and for bombarding sasid storage
target with a beam of ¢lectrons for reading out
stored information at a selected area of said target
at which such beam is then directed, including
means for independently pulsing said beam during
read-out, [ and J}

means for systematically scanning said beam of elec-
trons, during read-out, over areas of the target where
information is stored, and

means for directing a flood beam of electrons at such

target for driving areas of such target towards one
of two stable potentials by continued secondary
emission from areas where information has been
previously stored by secondary emission and by
driving such target negative tn areas wherein infor-
mation has not been previously stored by secon-
dary emission,

wherein such pulsation during read-out has a dura-

tion less than necessary to change a selected area
from one stable potential to another, the flood
beam of electrons driving such area back towards
its stable potential in order to retain such stable
potential of such area.

L 3. The apparatus according to claim 2 wherein
such pulsation 1s periodic and the period between suc-
cessive pulsations is sufficient for said flood beam to
retain the area being read out at its stored potential by
driving such area entirely back to its normally stored
potential whereby the sequence of pulsations does not
drive such area from one stable potential to another. J

4. The apparatus according to claim 2 wherein said
storage target comprises a photosensitive storage die-
lectric such that information may be stored thereon by
means of a light image.

£ 5. The apparatus according to claim 2 wherein
areas of said target wherein information is stored are
systematically scanned during read-out with a beam of
electrons. }

L 6. The apparatus according to claim § including
detection means coupled to said target for providing a
read-out signal corresponding to said pulsations and
indicative of information stored on the systematically
scanned areas of said target, and

including a second charge 1mage storage apparatus

comprising a storage tube disposed at a location
remote from said first mentioned charge image
storage apparatus, and

communication means between the first mentioned

charge image storage apparatus and the charge
iImage storage apparatus at the remote location
including means for synchronizing the systematic
scan at both such locations, such communication
means coupling the output from the detection
means of the first mentioned charge image storage
apparatus to the second charge image storage ap-
paratus for storing apparatus for storage at the
latter location. ]

[ 7. The apparatus according to claim 2 wherein the
time duration, t, for a pulsation 1s less than the product
of the voltage at the first crossover point 1n the secon-
dary emission characteristic of the target and the ca-
pacitance of a target area read out, said product being
divided by the sum of the reading beam current multi-
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plied by (1 minus the secondary emission ratio for the
reading beam) and the flood beam current multiplied
by (1 minus the secondary emission ratio for the flood
beam). }

8. The apparatus according to claim [71 30
wherein said pulsation is repetitive and the period be-
tween pulsations i1s greater than the product of the
voltage at the first crossover point in the secondary
emission characteristic for the target and the capaci-
tance of the target area being read out, said product
being divided by the floor beam current multiphed by
(1 minus the secondary emission ratio for the tflood
beam).

9. The apparatus according to claim [71 30
wherein said pulsation is repetitive and the period be-
tween pulsations is greater than the product of a volt-
age, V, and the capacitance of the target area being
read out, said product being divided by the flood beam
current multiplied by (1 minus the secondary emission
ratio for the flood beam ), wherein the voltage, V, is the
voltage actually reached by the target area being read
out during the time, t.

10. Charge image storage apparatus comprising:

a storage target including a photosensitive storage

dielectric of phosphor material,

a first electron gun for bombarding said storage die-
lectric and writing information thereon during a
writing mode with a first beam of electrons capable
of causing secondary emission from selected areas
of said storage target upon which said beam 1s
directed to change the voltage at such selected
areas toward a more posttive value for thereby
storing information,

flood gun means for bombarding the storage dielec-
tric with a flood beam of iow velocity electrons to
cause continued secondary emission from said stor-
age dielectric in the region where said first beam
has been directed in its writing mode while main-
taining other regions negative for providing two
stable dielectric potentials on said target,

said first electron gun including a control grid having
read-out means coupled thereto for independently
modulating said first beam in a reading mode such
that said first beam emits regular pulsations of
electrons, each pulsation having a duration less
than necessary to change a selected area from one
stable potential to another during read-out of
stored information, sald flood gun producing a
flood beam driving the area read back towards its
stable potential, and

signal plate means coupled to said target for provid-
Ing a read-out signal,

sald charge 1mage storage apparatus being provided
with deflection means and scanning signal genera-
tor means coupled to said deflection means to
cause said first electron beam from said first elec-
tron gun to systematically and periodically scan
during a reading mode the areas of said target
where information 1s stored.

11. The apparatus according to claim 10 further
including amplifier means coupled to said signal plate
means for receiving the read-out signal,

pulse stretching means coupled to receive the output
of said amplifier means for increasing the duration
of pulsations received by said amplifier means in-
dicative of information stored on said target,

mixing means for mixing said stretched pulsations
with synchronization information from said scan-
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ning means,

a storage tube at a location remote from said charge

image storage apparatus,

transmission means between said mixing means and

said storage tube at said remote location,
scan synchronization means coupled to said transmis-
sion means at said remote location causing a sys-
tematically and periodic scan In said storage tube
synchronized with the systematic and periodic scan
in said charge image storage apparatus, and

means applying the pulsations from said transmission
means to said storage tube as a writing nput
thereof so that information corresponding to the
bistable images in said charge 1mage storage appa-
ratus is written in said storage tube.

12. The apparatus according to claim 11 further
including a bandpass filter in cascade with said trans-
MISSIOn means.

13. A method of reading information from charge
image storage apparatus including a dielectric storage
target, a high velocity electron beam means directing a
high velocity beam at said storage target, a low velocity
flood gun means directed at said storage target for
retaining information thereon, and means coupled to
said target for providing a read-out signal, said method
COMPrising:

directing a high velocity beam from said first electron

gun at a particular area of said storage target for
reading information from the same,

independently pulsing said electron beam from said

first electron gun with a pulse having a duration
less than necessary to change an area being read
out from one stable potential to another such stable
potential,

repeating such pulse with a frequency such that the

period between pulses is sufficient for said flood
beam to retain such area at a stored potential value
by driving such area back towards its stored poten-
tial, L and }

scanning said electron beam in a regular pattern across

the areas of said target storing information at the
same time such beam is pulsed, and

deriving from said means coupled to said target,

read-out pulsations corresponding to pulses ap-
plied to said first electron gun and indicative of the
polarity of stored information.

L14. The method according to claim 13 further
including scanning said electron beam in a regular
pattern across the areas of said target storing informa-
tion at the same time such beam is pulsed. }

L 15. The method according to claim 13 wherein the
duration of a pulse is less than the product ot the volt-
age at the first crossover point in the secondary emis-
sion characteristic of said target and the capacitance of
the area of said target being read out, said product
being divided by the sum of the first beam current
multiplied by: (1 minus the secondary emission ratio
for the beam from the first electron gun), and the flood
beam current multiplied by (1 minus the secondary
emission ratio for the flood beam) and wherein the
period between pulses is greater than the product of the
voltage at the first crossover in the secondary emission
characteristic of the target and the capacitance at the
area being read out, said product being divided by the
flood beam current multiplied by (1 minus secondary
emission ratio for the flood beam). }

16. The method of claim L1583} 3/ wherein said
electron beam 1is scanned in a regular pattern and
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wherein the duration of pulsation of said beam is
lengthened and the period between pulses 1s shortened
as the beam scanning rate is increased.

1 7. Image storage apparatus comprising.

a tube adapted to store an image, said tube including a
storage target and means for directing an electron
beam toward said target for reading out stored infor-
mation at selected areas of said target and including
means for independently pulsing said beam during
read-out, wherein the duration of a pulsation is less
than would cause stored image information to be
removed and new Information written,

means for systematically scanning said electron beam,
during read-out, over areas of the target where infor-
mation is stored,

means coupled to said target for providing a read-out
signal corresponding to said pulsations and indicative
of information stored on the systematically scanned
areas of said target,

utilization apparatus for providing a representation of
information stored on the systematically scanned
areas of said target, and

communication means between said means for provid-
ing a read-out signal and said utilization apparatus
for coupling the output from the means for providing
a read-out signal to said utilization apparatus.

18. The apparatus according to claim 17 further in-
cluding means for synchronizing the systematic scan of
the areas of said target where information is stored and
the operation of said utilization apparatus for providing a
representation of the information stored.

19. The apparatus according to claim 18 wherein said
means for directing an electron beam at said target in-
cludes an electron gun and said means for pulsing said
beam includes a control grid for said gun and means
coupled to said control grid providing a control input for
modulating said beam with regular pulsations.

20. Image storage apparatus comprising:

a tube having storage target, and an electron gun for
bombarding said target with a narrow beam of elec-
trons, said electron gun including a control grid pro-
vided with an itnpu! for independently modulating
said beam such that said beam emits regular pulsa-
tions of electrons, each pulsation having a duration
less than would cause removal of information stored
on said storage target,

means coupled to said target for providing a read-out
signal,

scanning means for causing said electron beam to sys-
tematically and periodically scan areas of the target
where information is stored and is to be read out,

utilization means for providing a representative of
information stored on systematically scanned areas
of said targe!,

transmission means between said signal plate means
and said utilization means,

and scan synchronization means coupled to said scan-
ning means and to said utilization means for syn-
chronizing operation of said utilization means with a
systematic and periodic scan of the electron beam.

21. The apparatus according to claim 20 wherein said
utilization means comprises a cathode ray tube having
deflection means and adapted to have the electron beam
thereof deflected under the control of sard synchroniza-

65 tion means substantially in step with the first mentioned

beam of electrons from said electron gun.
22. Image storage apparatus comprising:
a storage target,
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means for bombarding said storage target with an
electron beam for reading out stored information at
selected areas of said target at which such beam is
then directed including means for independently
pulsing said electron beam, wherein each pulsation
thereof during normal read-out has a duration less
than would remove the stored information, and

means coupled to said target for detecting a read-out
signal in response to pulsation of said beam,

wherein sald charge image storage apparatus is pro-
vided with deflection means for causing systematic
scan of said electron beam over areas of the target
where information is stored and which it is desired to
read out.

23. The apparatus according to claim 22 including
means for causing a beam of electrons to bombard said
targe! for storing information on said target.

24. The apparatus according to claim 22 wherein said
storage target comprises photosensitive material such
that information may be stored thereon by means of a
light tmage. |

25. The apparatus according to claim 22 wherein said
means for bombarding said storage target with an elec-
tron beam comprises an electron gun and wherein said
means for pulsing said electron beam comprises a control
grid for said electron gun having means coupled thereto
for modulating said beam with regular voltage pulsa-
tions.

26. The method of reading information from an image
storage apparatus including a target, means for directing
a beam of electrons at said target, and means coupled to
said target for providing a read-out signal, said method
COMPFISING:

directing a beam of electrons from the first mentioned

means at a particular area of the target from which
it is desired to read information,

independently pulsing said electron beam with a pulse

duration less than would remove the stored informa-
tion from the target,

scanning the electron beam in a regular pattern across

areas of the target storing information at the same
time the beam is pulsed, and

deriving, from said means coupled to said target, read-

out pulsations corresponding to pulses applied to the
beam.

27. The method according to claim 26 further includ-
ing reproducing the stored information at a second loca-
tion in response to the read-out pulsations derived from
said means coupled to said target.

28. A charge image storage apparalus comprising:

a storage target for storing a charge pattern,

means for bombarding said storage target with an

electron beam having a velocity capable of causing
secondary emission from selected areas of said stor-
age target upon which said beam is directed to
change the voltage at such selected areas for storing
information, and for bombarding said storage targe!t
with a beam of electrons for reading out stored infor-
mation at a selected area of said target at which such
beam 1s then directed, including means for pulsing
said beam during read-out,

means for systematically scanning said beam of elec-

trons, during read-out, over areas of the target where
information is stored, and

means for directing a flood beam of electrons at such

target for driving areas of such target towards one of
two stable potentials by continued secondary emis-
sion from areas where information has been previ-
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ously stored by secondary emission and by driving
such target negative in areas where information has
not been previously stored by secondary emission,

wherein such pulsation during read-out has a duration

less than necessary to change a selected area from
one stable potential to another, the flood beam of
electrons driving such area back towards its stable
potential in order to retain such stable potential of
such area, and including means for causing said
pulsation to be periodic and the period between suc-
cessive pulses to be sufficient for said flood beam to
retain the area being read out at its stored potential
by driving such area entirely back to its normally
stored potential whereby the sequence of pulsations
does not drive such area from one stable potential 1o
another.

29. A charge image storage apparaltus comprising:

a storage target for storing a charge pattern,
means for bombarding said storage target with an

electron beam having a velocity capable of causing
secondary emission from selected areas of said stor-
age target upon which said beam is directed to
change the voltage at such selected areas for storing
information, and for bombarding said storage target
with a beam of electrons for reading out stored infor-
mation at a selected area of said target at which such
beam is then directed, including means for pulsing
said beam during read-out,

means for systematically scanning said beam of elec-

trons, during read-out, over areas of the target where
information is stored,

means for directing a flood beam of electrons at such

target for driving areas of such target towards one of
two stable potentials by continued secondary emis-
sion from areas where information has been previ-
ously stored by secondary emission and by driving
such target negative in areas where information has
not been previously stored by secondary emission,

wherein such pulsation during read-out has a duration

less than necessary to change a selected area from
one stable potential to another, the flood beam of
electrons driving such area back towards its stable
potential in order to retain such stable potential of
such area,

detection means coupled to said target for providing a

read-out signal corresponding to said pulsations and
indicative of information stored on the systemati-
cally scanned areas of said target, and

including a second charge image storage apparatus

comprising a storage tube disposed at a location
remote from said first mentioned charge image stor-
age apparatus, and

communication means between the first mentioned
charge image storage apparatus and the charge

image storage apparatus at the remote location in-
cluding means for synchronizing the systematic scan
at both such locations, such communication means
coupling the output from the detection means of the

first mentioned charge image storage apparatus o

the second charge image storage apparatus for stor-
age at the latter location.

30. A charge image storage apparalus comprising:
a storage target for storing a charge pattern,
means for bombarding said storage target with an

electron beam having a velocity capable of causing
secondary emission from selected areas of said stor-
age targe! upon which said beam is directed 10
change the voltage at such selected areas for storing
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information, and for bombarding said storage targe!
with a beam of electrons for reading out stored infor-
mation at a selected area of said target at which such
beam is then directed, including means for pulsing
said beam during read-out, >
means for systematically scanning said beam of elec-
trons, during read-out, over areas of the target where
information is stored, and
means for directing a flood beam of electrons ar such
target for driving areas of such target towards one of 10
two stable potentials by continued secondary emis-
sion from areas where information has been previ-
ously stored by secondary emission and by driving
siuch target negative in areas where information has
not been previously stored by secondary emission, 1>
wherein such pulsation during read-out has a duratior
less than necessary to change a selected area from
one stable potential to another, the flood beam of
electrons driving such area back towards its stable
potential in order to retain such stable potential of 2V
such area,
wherein the time duration, t, for a pulsation is less than
the product of the voltage at the first crossover point
in the secondary emission characteristic of the target
and the capacitance of a target area read out, said 23
product being divided by the sum of the reading beam
current multiplied by (I minus the secondary emis-
sion ratio for the reading beam), and the flood beam
current multiplied by (1 minus the secondary emis-
sion ratio for the flood beam). 30
31. A method of reading information from charge
image storage apparatus including a dielectric storage
target, a high velocity electron beam means directing a
high velocity beam at said sturage target, a low velocity
flood gun means directed at said storage target for retain- 35
ing information thereon, and means coupled to said tar-
get for providing a read-out signal, said method compris-
ng:
directing a high velocity beam from said first electron
gun at a particular area of said storage target jor 40
reading information from the same,
pulsing said electron beam from said first electron gun
with a pulse having a duration less than necessary to
change an area being read out from one stable poten-
tial to another such stable potential, repeating such 3
pulse with a frequency such that the period between
pulses is sufficient for said flood beam to retain such
area at a stored potential value by driving such area
back towards its stored potential,
scanning said electron beam in a regular pattern across 50
the areas of said target storing information at the
same time such beam is pulsed, and
deriving from said means coupled to said target, read-
out pulsations corresponding to pulses applied to said
first electron gun and indicative of the polarity of 33
stored information,
wherein the duration of a pulse is less than the product
of the voltage at the first crossover point in the sec-
ondary emission characteristic of said target and the
capacitance of the area of said target being read oul, 60

65
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said product being divided by the sum of the first
heam current multiplied by (I minus the secondary
emission ratio for the beam from the first electron
gun), and the flood beam current multiplied by (7
minus the secondary emission ratio for the flood
heam) and wherein the period between puilses is
greater than the product of the voltage at the first
crossover in the secondary emission characteristic of
the target and the capacitance at the area being read
out, said product being divided by the flood beam
current muldtiplied by (I minus the secondary emis-
sion ratio for the flood beam).

32. A charge image storage dpparatus comprising:

a storage target for storing a charge pattern,

means for bombarding said storage target with an
electron beam having a velocity capable of causing
secondary emission from selected areas of said stor-
age target upon which said beam s directed to
change the voltage at such selected areas for storing
information, and for bombarding said storage target
with a beam of electrons for reading out stored infor-
mation at a selected area of said target at which such
beam is then directed, including means for pulsing
said beam during read-out,

means for systematically scanning said beam of elec-
trons, during read-out, over areas of the target where
information is stored,

means for directing a flood beam of electrons at such
target for driving areas of such target towards one of
two stable potentials by continued secondary emis-
sion from areas where information has been previ-
ously stored by secondary emission and by driving
such target negative in areas where information has
not been previously stored by secondary emission,

wherein such pulsation during read-out has a duration
less than necessary to change a selected area from
one stable potential to another, the flood beam of
electrons driving such area back towards its stable
potential in order to retain such stable potential of
such area,

detection means coupled to the charge image storage
apparatus for providing a read-out signal correspond-
ing to said pulsations and indicative of information
stored on the systematically scanned areas of said
larget,

a cathode ray tube disposed at a location remote from
said first mentioned charge image storage apparatus,
and

communication means between the charge image stor-
age apparatus and said cathode ray tube at said re-
mote location including means for synchronizing the
systematic scan at both such locations, said commu-
nication means coupling the output from the detec-
tion means of the charge image storage apparatus 1o
the cathode ray tube at the latter location.

33. The apparatus according to claim 32 further in-

cluding pulse stretching means for stretching the output

of said detecting means.
* * * * E
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