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: STORAGE TUBE
James R. Cricchi and Walter G. Reininger, Catonsville,
_ - Md., assignors to Westinghouse Electric Corporation,
Fast Pittsburgh, Pa., a corporation of Pennsylvania
Filed Feb. 8, 1965, Ser. No. 431,027
17 Claims. (Cl. 313—68)

This invention relates generally to electron discharge
devices and more particularly to improved storage targets
for use in electronic storage tubes.

In conventional electronic storage tubes, information
is written onto a target element typically made of a rela-
tively thin layer of a dielectric material. The information
is ‘written onto the surface of the dielectric target by
means of an electron beam (writing beam) and is stored
in the form of a pattern of charges established on the
surface of that target. The establishment of these charges
may be accomplished either by creating a secondary emis-
sion effect or by inducing a current within the dielectric
by electron bombardment. After the elapse of a given
period of time, the information may be retrieved by di-
recting a beam of electrons (reading beam) to scan the
target and derive an output signal in accordance with
the pattern of charges.

As may be seen from the above discussion, the storage
capability is achieved by placing a pattern of charges on
the surface of the dielectric material. The pattern of
charges will remain on the surface of the dielectric ma-
terial until they are deliberately erased or until the
charges are discharged through the dielectric material.
Tnherently, the capacity and resistance of the dielectric
material are finite, and as a result an electrical path is
established through the dielectric material to the elec-
trodes and support structure associated with the afore-
mentioned dielectric material to dissipate the pattern of
charges placed on the surface of the dielectric material.
In a typical storage tube, the dielectric material is de-
posited on a planar electrode of a conductive material
in order to establish the target element at a specified
voltage or to provide an electrode through which the
output signal may be derived. In any event it may be un-
derstood that such an electrode would provide an inti-
mate electrical path through which the surface charge
on the dielectric material may be dissipated, and as a re-
sult the period for which the information may be stored
is thereby limited.

Further in typical electrostatic storage tubes, it is often
necessary to maintain a potential upon the target element
in order that the target element will maintain its storage
function; therefore considerable quantities of electrical
power are often required for the operation of these de-
vices.

Specifically, there is known in the prior art an electronic
storage device in which the electric field established by a
pattern or charges established on a thin layer of a di-
electric material is utilized to effect the impedance across
s reverse biased, rectifying junction. The reverse biased
rectifying junction, as suggested by the prior art, is
established by a conductive lead which is inserted through
or in close proximately with the storage layer of dielectric
material to a member composed of a semiconductor ma-
terial to form therebetween a point contact junction. The
principle ‘of this device lies in the effect of the electric
field created by the storage charges upon the impedance
established by the junction of the point contact. In a
typical point contact diode, a voltage source may be
applied across the junction so that the junction will exhibit

_a high resistance by biasing the voltage source to oppose
the flow of the charge carriers within the semiconductor
material across the junction. In the aforementioned
storage device of the prior art, the electric field established
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by tI}e charges stored on the dielectric material will effect
the impedance established by the point contact junction.
Therefore, in operation, a specified charge may be placed
on the layer of dielectric material which may be detected
or “read out” by placing a reverse bias across the point
contact junction. Further, the target element suggested
by.the prior art may be composed of a plurality of these
point contact junctions disposed in a regular array; thus,
a pattern of information may be stored on the target
element and may be successively read out by applying
§uccessive1y a reverse bias to each of the point contact
junctions.

However, the storage device as described above does
h_ave significant limitations in several aspects of its opera-
tion. First, the high resistance junctions are formed by
conductive leads which are intimately associated with
the storage dieletcric layer and which tend to dissipate the
charge from the storage layer. Thus, it may be seen that
the periods of time for which a signal pattern may be
stored are limited. Further due to the proximity of the
storage layer and the lead, the writing electron beam
may interfere with the readout operation; therefore, it is
necessary to operate the reverse biasing voltage at a level
whose order of magnitude is substantially above that of
the reading beam of electrons. Thus, it may be under-
stood that the dynamic range and the degree of amplifi-
cation provided by such a target may be so limited so as
to allow only a digital mode of operation of this target.
More specifically, the dynamic range of such a target is
limited by the reverse leakage currents of the point
contact junctions of this target. In addition, no isolation
has been provided by the storage device of the prior art
to electrically separate each of the point contact junctions;
therefore, such a target element would be limited to a
single mode of read out in which the rectifying junctions
are successively read out one at a time. Finally, it would
be quite difficult and time consuming to form a sufficient
number of the point contact junctions to provide a storage
target having a reasonably high resolution.

Accordingly, it is an -object of this invention to provide
an electronic storage tube having an improved storage
target.

A further object of this invention is to provide an im-
proved storage target in which the electrical contacts
thereto are substantially isolated from the storage di-
electric layer thereof.

A still further object of this invention is to provide an
improved storage target in which a sufficient number of
reverse biased, rectifying junctions may be arrayed to
provide a target element capable of very high resolution.

A still further object of this invention is to provide an
improved storage target which may be easily manu-
factured without the necessity of performing a great
number of repetitive steps to form each of the reverse
biased rectifying junctions. R

Still another object of this invention is to provide an
improved storage target in which the high number of
re;:ltifying junctions are effectively isolated from each
other.

Another object of this invention is to provide an im-
proved storage target in which distinct rectifying junc-
tions may be simultaneously read out to thereby allow
various portions of the target element to be operated in
different modes of operation.

Still another object of this invention is to provide an
improved electronic storage target in which the read out
of the rectifying junctions may be performed to sense
the varying levels of charge stored on the dielectric layer
to thereby achieve an analog mode of operation.

A still further object of this invention is to provide 2
storage target having great sensitivity and capable of
being operated over a wide dynamic range.
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Stated briefly, the electronic storage tube in accordance
with the present invention comprises a cathode element
for directing a writing beam of electrons onto an im-
proved target element. The storage target of this inven-
tion is made of a first layer of a dielectric material, a
memory unit formed by planar diffused junctions dis-
posed beneath the surface of said dielectric storage layer,
and a plurality of electrical contacts disposed remotely
from said dielectric storage layer to provide means for
applying a reverse bias voltage across the planar diffused
junctions. In one particular embodiment of this inven-
tion, the planar diffused junction is formed by diffusing
N carriers in one region of a semiconductor crystal and
P carrier into an adjacent region of the semiconductor
crystal, It is a further aspect of this invention that the
planar diffused junction be isolated from the other such
junctions of the target element. This may be accomplished
by inserting addilional PN junctions between each of
the memory units formed by the planar diffused junc-
tions. )

Further objects and advantages of the invention will
become apparent as the following description proceeds
and features of novelty which characterize the inven'ion
will be pointed out in particularity in the claims annexed
to and forming a part of this specification.

For a better understanding of the invention reference
may be had to the accompanying drawings; in which:

FIG. 1 is a sectioned view of an electronic storage
tube utilizing the present invention;

FIG. 2 is a perspective view of the storage target in-
corporated in the storage tube shown in FIG. 1;

FIG. 3 is a cross-sectional view of an embodiment of
FIG. 2 taken along line III—III of FIG. 2;

FIG. 4 is a diagrammatic view of the electrical circuit
of the storage target as shown in FIGS. 2 and 3;

FIG. 5 is an enlarged plan view of the reverse side of
the storage target shown in FIG. 2;

FIG. 6 is a cross-sectional view of an embodiment of
FIG. 5 taken along line VI—VI of FIG. 5; and

FIG. 7 is a schematic view of the interconnections
made to ths s‘orage target of this invention.

Referring now to the drawings and in particular to
FIG. 1, a memory tube 10 is depicted as comprising
an evacuated envelope 12 having a neck portion 14 axial-
ly aligned of and interconnected to a flared portion 16.
The neck portion 14 and the flared portion 16 which are
made of glass or other suitable material, are respectively
connected to a base 18 through which terminals 20 are
inserted and to an annular flange 22 made of a suitable

material such as Kovar (a Westinghouse trademark for |

an alloy comprised substantially of iron, nickel, and
cobalt). A mounting cylinder 24 has a radially extending
flange 25 which is secured to the annular flange 22 by
a suitable method such as Helaric welding. The evacuated
envelope 12 is completed by a circular end plate 26
which is secured to a radially extending flange portion 27
associated with the mounting cylinder 24. The mounting
cylinder 24 and the plate 26 may be made of a suitable
conductive material such as Kovar. Within the evacuated
envelope 12, there is disposed a cathode element 28 hav-
ing an emissive coating thereon for the emission of an
electron beam 39. A control grid 30 is aligned with and
disposed about the cathode element 28 {o modulate the
density of the electron beam 39. An accelerating elec-
trode 32 and pairs of horizontal deflection plates 36 and
vertical deflection plates 38 are aligned along the axis
of the neck poriion 14 in the order enumerated to thereby
accelerate and to deflect the electron beam 39 in a reg-
ular pattern across a storage target 40 which is disposed
within the opposite end of the evacuated envelope 12.
Further, a collecting electrode 47 which may be formed
of a wire mesh is disposed in a plane parallel and adja-
cent to the storage target 40.

The storage target 4¢ is mounted within the cylinder
24 by an annular mounting flange 42 which may be se-
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cured as by welding to the inner periphery of the cylin-
der Z4. A plurali'y of support brackets 44 are inter-
connected between the mounting flange 42 and the storage
target 40. In one embodiment, the support brackets 44
are made of two Z-shaped studs 45 which are respectively
connected to the mounting flange 42 and the storage tar-
get 48, and are interconnected by an insulating bead 46
of a suitable material such as glass which has been fused
to the ends of the studs 45. A plurality of conductive
leads 52 are electrically connected to the storage target
49. Further, a plurality of terminal elements 48 are dis-
poszd in a circular array through openings in the mount-
ing cylinder 24 to provide a vacuum sealed exit for each
of the conductive leads 52. The terminal -elements 48
are comprised of an annular eyelet 49 made of a suitable
material .such as Kovar which may be secured to the
mounting cylinder 24 as by brazing with an alloy of cop-
per and silver. The conductive lead 52 which may like-
wise be made of a material such as Kovar as insulated by
a sleeve 50 made of a suitable insulating material such
as aluminum oxide which is disposed between the con-
ductive lead 52 and the eyelet 49 to provide a vacuum
seal therebetween.

Referring now to FIG. 2, there is shown an enlarged
view of the storage target 40 which is comprised of a
crystal substrate 56 made of a semiconductor material
such as silicon, A plurality of memory units 60 have
been diffused, as will be explained later, in a regular array
58 comprised of horizontal rows 62 and vertical rows 64
of the memory units 60. In the projected view of FIG. 2,
a representation of the memory unit 6¢ is shown; it may
be understood, as will be explained later, that an insulat-
ing layer 74 is disposed over each of the memory units
60. In one embodiment as shown in FIG. 2, the memory
unit 60 has a central region 66 of a P-type semiconduc-
tive material which is successively surrounded by a region
68 of an N-type semiconductive material and a region
70 of a P-type semiconductive material. Each of the
memory units 60 is electrically isolated from each other
by a region 72 made of an N-type semiconductor mate-
rial,

Referring now to FIG. 3, a cross-sectioned view taken
through line III—III of FIG. 2, is shown. As shown in
FIG. 3, the memory unit 60 has the stroage insulating
layer 74 of a material such as silicon dioxide disposed on
one side and a second insulating layer 76 made of a sim-
ilar material disposed ‘on the other side. As explained
before, the central region 66 is surrounded successively
by the region 68 and the region 70. A pair of low resist-
ance contacts 80 and 82 are inserted through the insulat-
ing layer 76 to make an electrical connection respective-
ly with the region 70 and the region 66. In an alternate
embodiment of this invention, contact 80 may be so
placed to make electrical contact to both of the regions
68 and 70. Rectifying junctions 67 and 69 are formed
tespectively between regions 70 and 68 and between
regions 68 and 66. As explained before, an isolating
region 72 is disposed between each of the memory units
60; in the particular embodiment shown in FIG. 3, the
region 72 is made of an N-type semiconductive mate-
rial and forms rectifying junctions 71 with the P-type
region 70 of the adjacent memory units 60. A low re-
sistance contact 81 may be inserted through the insulat-
ing layer 76 upon which a positive voltage source 83
may-be applied to the N-type isolating region 72 to there-
by reverse bias the rectifying junction 71 and effect a
great isolation between the adjacent memory units 60,

As will be explained later in detail, an inversion layer
73 is formed within the N-type region 68 due to the
influence of charges deposited on'the storage insulating
layer 74 by the electron beam 39. Though it is desired
to form such inversion layers in the region 68, this
phenomena is undesired between the other regions; there-
fore, a plurality of diffusion regions 78 is formed by dif-
fusing a high concentration of N-type doping material
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within the regions of the N-type isolating region 72 ad-
jacent the insulating layers 74 and.76. Further, a dif-
fusion region 78 is also formed within a layer of the N-
type region 68 adjacent the insulating layer 76. In order
to make electrical connections with the contact regions
80 and 82, a conductive leg 84 is vapor deposited over
the contact regions 80, and a vertical connecting strip 86
is vapor deposited over the contact regions 82.

Referring now to FIG. 4, a schematic representation
of the equivalent electrical circuit presented between the

contact regions 80 and 82 is shown. Starting with contact-

86, the circuit can be traced through the P-type-region
70 across the rectifying junction 67, which is shown in
FIG. 4 as a diode 67A. Next, a rectifying junction 69 is
formed at the boundary between the N-type region 68
and the P-type region 66 and is represented in FIG. 4 as
a diode 69A. Further,.the storage. insulating layer 74 is
represented with a plurality of negative charges placed
thereon. The collecting electrode 47, which has been
incorporated within the tube 10 to hmrt the secondary
current emitted by the target 40, is represented as being
dlsposed in a plane parallel to the surface of the insulat-
ing layer 74.

In operation, the beam of electrons 39 is emitted by
the cathode element 28 and is successively modulated
and accelerated by the electrodes 30 and 32 respective-
ly; further, the electron beam 39 is deflected vertically
and horizontally so as to pass over each of the memory
units 680 which are arrayed in the rows and columns
shown in FIG. 2. As the electron beam 39 passes over
each of the memory units 69, it deposits a plurality of
charges on the surface of the msulatmg layer 74, Refer-
ring now to FIG. 3, the inversion layer 73 is formed
within the region 68 due to the presence of the charges
stored on the surface of the insulating layer 74. In effect,
these charges create a field which repels the negative
charge carriers (i.e. electrons) and -attracts. the positive
charge carriers (i.e., holes). Thus, it may be understood
that the impedance of the junctions 67 and 69 will .vary
under the influence of the negative charges. It has been
verified by experimentation that the constant current
characteristics of a rectifying junction such .as the junc-
tions 67 or 69 is proportional to the strength of an elec-
trical field such as:created by the charges placed on the
surface of the insulating. layer 74. With regard to the
specific embodiment shown in FIG. 3, the deposition of
a negative charge on. the insulating layer 74 will repel
the negative carriers within the N-type region 68 thereby
effecting a change of the impedance presented between
the contact regions 86 and 82. It is an important aspect
of this invention that the voltage-current characteristic
of rectifying junctions 69 may be varied at different
levels according to the polarity and quantity of the charge
deposited on the surface. of the insulating layer.74. ‘When
a rectlfymg ‘junction is impressed with a voltage in the
reverse direction, the resulting -saturation current is
essentially independent of the magnitude of the volt-
age. However, the saturation current may be changed by
applying an electrical field upon the junction. As ex-
plained above, the field is established by deposmng a
charge upon the insulation layer 74 which in turn con-
trols the magmtude of saturation current passing through
the junction 69 in accordance with the polanty and
quantlty of deposited charges, Thus, if a negative charge
is placed upon the insulation layer 74, the saturation cur-
rent of the reverse biased junction 69 is increased, and
conversely if a positive charge is placed upon layer 74,
the saturation current is reduced. In the preferred mode
of operation of this device, the electron beam 39 is ac-
celerated by a potential less than that of the first cross-
over of the insulating material 74; thus negative charges
are placed on the surface of the insulating layer 74 to
thereby lower the resistance presented by the rectifying
junction 69 when a reverse-bias voltage is subsequently
applied thereacross. As may be seen in FIG. 4, a positive
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voltage may be applied-to the contact region 80 thereby
forward biasing diode 67A and reverse biasing the diode
69A. The charges deposited upon the insulating layer 74
will control, as explained above, the saturation current
passing through the diode 69A.

Further, it may be understood that if the electron beam
39 js directed upon the target 40 so that the dwell time
upon each memory unit 60 will be approximately equal,
the density of the electron beam 39, which is controlled
by the voltage applied to the control grid 30, will deter-
mine the amount of charge placed upon the surface of
the insulating layer 74. The amount of charge in turn will
determine the voltage-current characteristic of the rec-
tifying junctions 67 and 69. The charges. stored on the
surface of the dielectric layer or the insulating layer 74
will remain substantially unaffected for extended periods
of time and thereby provide a storage capability. When
it is desired to retrieve the information contained in the
pattern of charges stored on the insulating layer 74 of
the target 40, a voltage may be applied between the con-
tacts 80 and 82 to thereby reverse bias one of the rec-
tifying junctions 67 and 69. In a manner to be explained
later, the reverse biasing voltage may be successively
applied across the memory units 60 to derive an out-
put signal proportional to the voltage applied to the con-
trol grid 30. It has been found from actual experimenta-
tion, that a device substantially as shown in FIG. 3, was
capable of storing a charge for a period of time in excess
of 100 hours. This prolonged storage capability was in
part due to the fact that the contacts 80 and 82 are
isolated from the insulating layer 74 and thereby have
little or no tendency to provide a grounding path for the
storage layer 74.

In a typical mode of operation, it would be desired, if
not required, that the charge deposited on the insulating
surface 74 be quickly and easily removed so that a sec-
ond pattern of charges could be deposited thereon. In a
first mode of operation, the electron beam 39 could be
accelerated by a suitable potential to cause the break-
down of the insulating layer 74 and allow the charges
to be dissipated through the semiconductive regions to
the various contacts associated therewith. The potential
necessary to cause a breakdown of the insulating layer
74 is dependent upon the thickness of this layer; for a
layer of an insulating layer 74 of silicon dioxide hav-
ing a width of approximately 1000 Angstroms, a voltage
level of between 60 to 100 volts has been found sufficient
for this mode of operation. In a second mode of opera-
tion, the electron beam is accelerated by a potential
above the first cut-off of the material of the insulating
layer 74; as a result, more secondary emission electrons
will be emitted than the number of electrons bombard-
ing the insulating layer 74. Thus, an excess of electrons
will be dissipated and collected by the electrode 47 which
is disposed above the insulating layer 74, thereby dis-
sipating the charges from this layer. Though it has been
assumed in this discussion that the priming or erasing
electrons are supplied by the cathode elements 28 which
would necessitate blanking voltages being applied to the
deflection electrodes, a separate electron gun could be
provided within the envelope 12 to accomplish the eras-
ing of the target 40.

In an alternative embodiment of this invention, a
metal layer 82 (shown in dotted line in FIG. 3) capable
of emitting secondary electrons in response to an elec-
tron bombardment is disposed upon the insulation layer
74 in proximity to that region 68 in which the inversion
layer is to be formed. In such an embodiment, the region
68 would be diffused with P-type doping materials and
the regions 7¢ and 66 would be diffused with N-type dop-
ing materials. Under the bombardment of electrons, the
layer 89 would emit secondary electrons which are col-
lected by the electrode 47. The surface of the layer 89
is thus driven positively to a magnitude controlled by the
positive voltage applied to the electrode 47. Thus, with a
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positive charge disposed upon the layer 89, an N-type
inversion layer would be established within the region 68
and the current characteristic of the junction 69 would
be accordingly effected as explained above.

Though not a primary aspect of this invention, a typical
procedure for forming the target 40 of this invention will
be briefly set out. First, a silicon ingot of the appropriate
starting resistivity is cut, lapped to remove saw damage,
polished to remove lapping damage and to approach the
desired final thickness, and then chemically etched or
polished to provide the appropriate wafer thickness and
an essentially smooth surface. The wafer of silicon is
then subjected to a high temperature usually greater than
100° C., in an oxidizing atmosphere which may consist
of a wet non-oxidizing gas (such as nitrogen bubbled
through water) and a dry oxygen or steam. The wafer is
then coated with any of the well known acid resistance
emulsions; next, a previously prepared photographic nega-
tive is positioned over the wafer to obtain a maximum

number of memory units 60 on the wafer and the emul- ¢

sion is exposed to a light source. The wafer is then de-
veloped and the undesired silicon dioxide may be re-
moved in a hydrofluoric acid solution to provide an oxide
pattern conforming to the negative, The remaining photo-
resist is thoroughly removed from the wafer by any of the
well known solvents. The wafer is now placed in a quartz
boat and subjected to a first diffusion step wherein ap-
propriate doping materials are injected into those regions
of the wafer in which the silicon dioxide has been re-
moved, Typically, the doping materials for the P-type
regions could be boron and the doping material for the
N-type regions could be phosphorous, In coincidence with
the diffusion, or in the alternative as a separate step fol-
lowing the diffusion, the oxide is regrown over the entire
wafer. The steps of emulsion coating, alignment, develop-
ing, and oxide removal are repeated before the wafer is
subjected to a second diffusion to thereby impart doping
materials into different regions of the wafer. The wafer
may proceed through several steps of diffusion in the
same manner depending upon the complexity of the func-
tional electronic block. Following the final diffusion, the
areas of the wafer upon which contacts are to be placed
may be metallized. Such materials as gold and aluminium
are commonly used for metallization, In a typical method
of application, aluminium may be evaporated over the
entire silicon wafer. The excess aluminium is removed by
photoengraving techniques as described above leaving
aluminium contacts adhering to the silicon wafer and
aluminium interconnections to the silicon oxide Ilayer.
Following the metallization step to form contacts, a sec-
ond metallization step is provided to obtain interconnec-
tions with the conductive leads 52. Finally, the individual
targets may be tested on a micromanipulator and, if sat-
isfactory, may be inserted into the memory tube 10.

Referring now to FIG. 5, a view is shown of the re-
verse side of the target 40 upon which have been de-
posited electrical interconnections for each of the memory
units 60. As may be seen in FIG. 5, a plurality of the
vertical connecting strips 86 may be vaporized on the in-
sulating layer 76 so as to cover and contact each of the
contacts 82. Further, it is noted that each of the vertical
connecting strips 86 are disposed parallel with each other.
A plurality of horizontal connecting strips 88 are disposed
in parallel rows with a plurality of conductive legs 84
aligned perpendicular to the horizontal strips 88 to over-
lie and connect with the contacts 80, Further, the con-
ductive leads 52 may be connected to the connecting strips
86 and 88 as by thermocompression bonding or ultra-
sonic welding.

Referring now to FIG. 6, a cross-sectional view is
shown of a portion of the target 40 depicting a structure
by which the criss-crossing vertical and horizontal con-
necting strips 86 and 88 may be effectively insulated from
each other. As is shown in FIG. 6, the horizontal con-
necung strip 88 is disposed above the isolating, N-type

© 3,401,294

%3

10

30

40

50

60

65

70

8

region 72; further, diffusion regions 78 are disposed upon
either side of the region 72, and the insulating storage
layer 74 is disposed on one side of the region 72 and the
insulating layer 76 is disposed on the other side. The in-
sulated overlapping of the connecting strips is achieved
by disposing contacts 85 through the insulating layer 76
and by interconnecting these contacts 95 by a region 92
having a surplus of P-type doping material diffused there-
in. Further, a third insulating layer 94 is disposed above
the region 92, and the vertical connecting strip 86 may
be deposited thereon to thereby achieve an effective insu-
lation from the connecting strip 88.

Referring now to FIG. 7, a schematic representation
of the interconnections of the memory units 60 is shown.
It is noted that only a partial representation of the many
memory units 60 is made, and that in an actual embodi-
ment of this invention as many as ten thousand memory
units could be mounted on a target element having a diam-
eter of approximately one inch. As shown in FIG. 7, a
positive voltage source 100 may be successively applied
by switches 96a, 96b, 93¢, etc., to ths vertical connecting
strips 86. The diodes 69a are interconnected between the
vertical connecting strips 86 and the horizontal connect-
ing strips 88 which may in turn be successively connected
across a sensing impedance 162 to ground by switches
98a, 98b, 98¢, etc. The signal output 104 is taken from
the voltages developed across the sensing impedance 102.
Though only a single diode 692 has been represented in
FIG. 7 whereas two diodes are represented in FIG. 4, it
may be understood that if a positive voltage was applied
to the contact 8@ that the diode 67A (see FIG. 4) would
be forward biased and would therefore offer little or no
resistance in this circuit, In operation, it may be seen that
if the switches 28a and 96a are both closed at once, that
the voltage source 10¢ will be impressed upon the diode
6%a and a response therefrom will be detected upon the
impedance 102. Thus, it may be seen that each of the
memory units 60 (as represented by a diode 69A) can
be successively read out by closing switch 98z and then
by successively opening and closing the switches desig-
nated by the numeral 96. The next step would be to open
the switch 98a and then close the switch 985 and then
successively open and close those switches designated 96.
In this manner, the pattern of charges associated with
each of the memory units 60 may be successively read out
one at a time.

Further, it is noted that the switching arrangement
shown in FIG. 7 is only an illustrative embodiment of
how the memory units may be read out. A more compli-
cated system of interconnections to the memory units
could be devised so that more than one memory unit can
be detected at the same time. As previously discussed,
each of the memory units are electrically isolated from
each other thereby allowing sections of the array of
memory units to be operated in different modes of oper-
ation, For instance, the entire surface of the target 40
would not have to be primed at a single time thereby al-
lowing a'new pattern of information to be read on selected
portions of the target while maintaining another pattern
of information upon other sections of the target 40. This
selection could be achieved by using grid blanking volt-
ages, primary voltages, and input voltages that are syn-
chronized in time with the beam deflection signals.

Therefore, it may be realized that there has been dis-
closed a storage device in which there has been incorpo-
rated a greatly improved storage target having a storage
surface which has been effectively isolated from the ex-
ternal or adjacent circuitry to thereby achieve greatly
increased storage times. Further, this target provides ex-
tremely fine resolution; in one embodiment of this inven-
tion, it has been found practical to form a target of
10,000 units having a spacing of from center to center of
approximately five mils. Further, if the effective isolation
between adjacent memory units is deleted, even greater
numbers of memory units may be placed upon the target.
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An additional aspect of this invention is that very little
power is required for the operation of this device; i.e., a
signal is required for the electron gun only during the
write-in cycle, while no power is required for the electron
gun and associated deflection plates during the storage
time or read out, -

.. 'While there have been shown and described what are
presently considered to be the preferred embodiments of
the invention, modifications thereto will readily occur to
those skilled in the art. It is not desired, therefore, that the
invention be limited to the specific arrangement shown
and described and it is intended to cover in the appended
claims all such modifications as fall within the true spirit
and scope of the invention.

We claim as our invention:

1. An apparatus for the storage of electrical signals
comprising a body of semiconductor material having first
and second surfaces, a rectifying junction formed by
regions of said body having differing conductivity types,
a layer of storage material disposed on said first surface,
and electrical contacts in ohmic contact with said regions
to provide a current flow to said junction, said contacts
disposed on said second surface in a position electrically
remote from said layer, and means for directing a flow
of electrons onto-said layer to produce a localized charge
on said layer.

2. A storage target comprising a body of a semicon-
ductor material having a first and second surface, a plu-
rality of memory units formed within said body in a
regular array, said memory unit including a first rectify-
ing junction formed by regions of said body having differ-
ing types of conductivity types, a layer being disposed on
said first surface and having the property of being able to
store localized charges, electrical contacts in ohmic con-
tact with said regions to provide a current flow to said
junction, said contacts being disposed on said second sur-
face in a position remote from said layer, and means for
isolating said memory units from each other including a
second rectifying junction formed by regions of said body
having differing types of conductivity types.

3. A device for storing electrical signals comprising a
body of semiconductor material having first and second
surfaces, a plurality of memory units formed within said
body in a regular array of vertical and horizontal rows,
said memory unit including a first rectifying junction
formed by first and second regions of differing conduc-
tivity types, a first layer of storage material disposed on
said first surface, a second layer of insulating material
disposed on said second surface, at least one contact asso-
ciated with each of said first and second regions and ex-
tending through said second layer, means for isolating
said memory units from each other including a second
rectifying junction formed by a third and fourth region of
said body having differing conductivity types, means for
directing a flow of electrons onto said layer to produce a
pattern of localized charges on said first layer, and means
for detecting said pattern of charges including a plurality
of interconnecting strips disposed on said second layer
and electrically connected to said contacts.

4." A storage target comprising a body of semiconductor
material having first and second surfaces, a plurality of
memory units formed within said body in a regular array,
said memory unit including regions of said body of differ-
ing conductivity types to form a first P-N junction there-
between, electrical contact in ohmic contact with said
regions to provide a current flow to said first junction,
and means for electrically isolating said memory units
from each other including a second P-N junction formed
by regions of said body having differing conductivity
types. )

5. A storage target comprising a body of semiconductor
material having first and second surfaces, a plurality of
memory units formed within said body in a regular array,
said memory unit including first region, a second region
disposed about said first region, and a third region dis-
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posed about said second region, said second region hav-
ing a conductivity type different from that of said first
and third regions, a layer of storage material disposed on
said first surface, contacts applied to said first and third
regions in a position on said second surface remote from
said layer, and means for isolating said memory units
from each other including a P-N junction formed by a
fourth region of said body and said third region, said
fourth region having a conductivity type different from
said third region.

6. A storage target comprising a body of semicon-
ductor material having first and second surfaces; a plu-
rality of memory units formed within said body in a regu-
lar array; said memory unit including a first region, a
second region disposed about said first region, and a third
region disposed about said second region, said first and
third regions having a conductivity type different from
that of said second region to form first and second rectify-
ing junctions between said first and second regions, and
between said second and third regions respectively; a layer
of storage material applied to said first surface, at least
one contact applied on said second surface to each of said
first and third regions; and means for isolating said
memory units from each other including a fourth region
disposed about said third region, said fourth region hav-
ing a conductivity type different from that of said third
region to form third rectifying junctions therebetween.

7. A storage target comprising a body of semiconduc-
tor material having a first and second surface; a plurality
of memory units formed from said body in a regular
array; each of said memory units including a first P-IN
junction formed by first and second regions of said body
having differing types of semiconductivity, a layer formed
on said first surface having the capability of storing a
pattern of localized charges, said charges forming an in-
version layer in said second region adjacent said layer to
thereby effect the impedance of said first P-N junction,
electrical contacts disposed on said second surface in elec-
trical association with said first and second regions to
provide a current flow to said first P-N junction, and
means for isolating said memory units from each other
including a third region of said body disposed about said
memory unit and a zone in said third region having a
surplus quantity of a doping material diffused therein to
prevent the formation of an inversion layer.

8. A storage target comprising a body of semiconduc-
tor material having first and second surfaces; a plurality
of memory units formed within said bedy in a regular
array; said memory unit including a first rectifying junc-
tion formed by first and second regions of said body
having differing conductivity types, and a layer disposed
on said first surface capable of storing a pattern of local-
ized chrages, said charges forming an inversion layer in
said second region to effect the voltage-current charac-
teristics of said first junction; electrical contacts disposed
on said second surface in electrical association with said
first and second regions to provide a current flow to said
first junction; and means for isolating said memory units
from each other including a second rectifying junction
formed by third and fourth regions of said body having
differing conductivity types and a zone within said fourth
region having an added quantity of doping material dif-
fused therein to prevenmt the formation of an inversion
layer.

9. A storage target comprising a body of semiconduc-
tor material having first and second surfaces; a plurality
of memory units formed within said body in a regular
array; said memory units including a first region, a sec-
ond region disposed about said first region, and a third
region disposed about said second region, said first and
third regions having 2 conductivity type differing from
that of said second region to form first and second P-N
junctions respectively between said first and second re-
gions and between said second and third regions, and a
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layer disposed on said first surface capable of storing a
pattern of localized charges, said charges forming an
inversion layer in said second region thereby effecting
the impedance presented by said first and second junc-
tions; electrical contacts disposed on said second surface
in ohmic contact with said first and third regions; and
means for isolating said memory units from each other
including a fourth region disposed about said memory
units and having a conductivity type differing from that
of said third region to form a third P-N junction there-
between, and a zone formed within said fourth region
adjacent said layer having an added quantity of doping
material diffused therein to prevent the formation of an
inversion layer.

10. A storage device comprising a body of semiconduc-
tor material having first and second surfaces; a plurality
of memory units formed within said body in a regular
array; said memory units including a first rectifying junc-
tion formed by first and second regions of different con-
ductivity types, and a layer of storage material disposed
on said first surface; contacts disposed on said second
surface in a position remote from said layer in electrical
association with said first and second regions to provide
a current flow to said first junction; and means for elec-
trically isolating said memory units from each other in-
cluding a second rectifying junction formed by third
and fourth regions of said body of different conductivity
types; and means for applying a potential to said fourth
region to increase the impedance of said second junction.

11. A storage target comprising a body of semiconduc-
tor material having first and second surfaces; a plurality
of memory units formed within said body in a regular
array; said memory units including a rectifying junction
formed by a first region of P-type conductivity and a
second region of N-type conductivity within said body, a
first layer of storage material disposed on said second
surface, and a second layer being disposed on said first
layer in proximity to said first region and having the
property of emitting sceondary electrons in response to
a flow of primary electrons; and contacts disposed on
said second surface in electrical association with said
first and second regions to provide a current flow to said
junction.

12. A device for storing electrical signals comprising
a target element, said target element including a body of
semiconductor material having first and second surfaces,
a plurality of memory units formed within said body and
having a P-N junction formed by regions of said body
having differing conductivity types, a storage layer formed
on said first surface, and contacts disposed on said second
surface in ohmic contact with said regions to provide a
current fiow to said junction; means for placing said elec-
trical signals on said target including a cathode element
for directing a flow of electrons on said target element;
and means for retrieving said electrical signals including
a plurality of electrical connections to said contacts, and
means for selectively applying a reverse biasing potential
in a determined order to said connections.

13. A device for storing electrical signals comprising
a target element, said target element including a body of
semiconductor material having first and second surfaces,
a plurality of memory units formed within said body
and including a first region, a second region disposed
about said first region, and a third region of said body
disposed about said second region, said first and third
regions having conductivity types differing from that of
said second region to form first and second P-N junctions
respectively between said first and second regions and
between said second and third regions, a storage layer
disposed upon said first surface, contacts disposed upon
said first and third regions on said second surface, and
means for isolating said memory units from each other
including a fourth region of said body having a conduc-
tivity type differing from that of said third region to form
a third P-N junction between said third and fourth re-

3,401,294

[Ny

10

30

40

45

50

55

60

65

70

75

12

gions; means for writing including a cathode gun for
directing a beam of electrons across said target element
to thereby dispose a pattern of localized charges upon
said layer; and means for reading including a plurality
of electrical conductors connected to said contacts, and
switching means for selectively applying a reverse bias-
ing potential to said conductors to sense said pattern of
localized charges. ’

14. A device for storing electrical signals comprising
a target element, said target element including a body .of
semiconductor material having first and second surfaces,
a plurality of memory units formed within said body and
including a first rectifying junction formed by first and
second regions of said body having differing conductivity
types, a storage layer disposed on said first surface, first
contacts electrically associated with each of said first and
second regions and disposed on said second surface; and
means for isolating each of said memory units from each
other including a second rectifying junction formed by
third and fourth regions of said body having differing
conductivity types, second contacts associated with said
fourth region, and means for applying a potential to said
second contacts to increase the impedance presented by
said second junction, means for writing including a cath-
ode gun for directing a beam of electrons on said target
element to thereby impart a pattern of localized charges
upon the surface of said layer; and means for reading
including switching means for selectively applying a re-
verse biasing potential to said first contacts to thereby
sense said pattern of localized charges.

15. A storage target comprising a body of semicon-
ductor material in which a plurality of memory units are
formed, each of said memory units including first, second
and third regions, said second region disposed between
said first and second regions and having a conductivity
type different from that of said first and second regions
to form respectively first and second junctions between
said first and second regions and between said second and
third regions, said second region capable of forming an
inversion layer therein, a layer of storage material dis-
posed upon said storage target and capable of storing an
electrical charge thereon to induce the formation of said
inversion layer in said second region, and means for
isolating said memory units from each other including a
fourth region disposed about each of said memory units.

16. A storage target comprising a body of semiconduc-
tor material having first and second surfaces; a plurality
of memory units formed within said body in a regular
array, each of said memory units including a first region,
a second region disposed about said first region, and a
third region disposed about said second region, said sec-
ond region having a conductivity type different from that
of said first and second regions to form first and second
rectifying junctions between said first and second regions
and between said second and third regions respectively,
said second region capable of forming an inversion re-
gion therein, and a layer of storage material applied to
said first surface capable of storing electrical charges to
effect said inversion region within said second region.

17. A storage target as claimed in claim 16, wherein
contacts are applied to said first and third regions on
said second surface to effect a current flow to said first
and second rectifying junctions.
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