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AND METHOD OF OPERATION

,ABSTRACT<OP THE DISCLOSURE

An electronic storage tube of the electron beam
modulated type employing a target structure of the '"coplanar
grid" type in which the coplanayr gr1d 1s a multllayered

-,structure hav1ng at least one Iayel thereof whlch is. more
uqzmmune to 1on121ng radiatzon, such as X-rays, than at least
one, of the Tema1n1ng layers, to y1e1d a target structure
.mmn wh1ch erasure time: and retentton tlme are both s1gn1f1—
”_;ﬁapﬁcant;v 1mproved‘even though the stored.pattern is repetxtxvely
-read out: 7 . ve B f o 5'ﬁ;;
A method\xs also described hereln for operat1ng |

A {itarget structures of ‘the- type descrzbed nerelnabove to tdke

,ggjg;advantage of the'above mentioned advantageous charaeterlst1cs
‘,,and thereby y1e1d an- electronxc storage tube havxng |

R operatxng characteristlts ot heretofore capable of bexng

*u¢,¢, prov1ded ‘in conventional structures.’ et
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The embodiments of the invention in which an ex-
clusive privilege or property is claimed are defined as
follows:

1. An electronic storage tube including a target
comprised of a pattern of substantially coplanar conducting
areas and insulating charge storage areas, the tube
comprising:

5 means including electron beam generating means
and beam modulating means for developing a desired stored
potential distribution on the surface of the insulating
charge storage areas of the target representative of the
image to be stored;

10 means for detecting the desired stored potential
distribution on the target;
said conducting areas being exposed to said
beam and being electrically connected to each other and
wherein one surface of each of the insulating areas are
15 exposed to said beam each area being composed of at least
two layers of insulating materials where at least ‘one in-
sulating layer is capable of conducting charge at an
increased rate in the presence of ionizing radiation, and
at least one of the remaining insulating layers i§ resistant
20 to such effects of ionizing radiation; one of said layers
being.deposited upon the remaining one of said layers; and
further including conditioning means for causing
electronic charge to be redistributed within the layers of
the insulating charge storage areas.

2. The apparatus of claim 1, wherein the storage of

electronic charge within the charge storage areas is

effected so that for negative surface potentials on the
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charge storage area relative to the conducting area po-

5 tenti;l the potential gradient across the radiation
sensitive layer or layers of said charge storage area is
significantly reduced thereby as compared with said
layer or layers wﬂich are resistant to ionizing radiation.

3. The apparatus of claim 2 wherein for said
negative surface potential corresponding to a desired erase
potential said potential gradient is substantially zero.

4. The apparatus of claim 1, wherein said condition-
ing means includes means for generating ionizing radiation
which impinges on the insulating charge storage areas of
said target. ’

5. The apparatus of claim 1, wherein the first layer
is silicon dioxide and the second layer is composed of a
material selected from the group containing silicon nif:ide,
silicon oxy-nitride, and aluminum oxide.

6. The apparatus of claim 1, wherein the conducting
areas are formed of si;icon. : _

7. The apparatus of claim ltﬂwhereih the condition-

ing means for generating ionizing radiation comprises a

metallic "deceleration grid'" mesh means for maintaining
- said mesh at a predetermined voltage level, said mesh con-
[ fronting and being positioned adjacent to the insulating

'storage areas of the target and being scanned by the electron

beam to develop the @onizing radiation by interaction with
said mesh.

8. The apparatus of claim 7, wherein said voltage
maintaining means provided for maintaining the potential
of the mesh provides a level which is greater than 300 volts

relative to the cathode.
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9. An electronic storage tube, including a target
structure comprising conducting means for collecting beam
current from an electron beam scanning the target structure
and developed by beam generating means and means for
modulating said beam current to create a charge pattern
distribution representing an image to be stored;

beam current regulating means, positioned imme-
diately adjacent the conducting means and including insﬁlation
means possessing a first surface for storing said electric
potential pattern which controls beam current reaching the
conducting means, said insulation means having a second
surface confronting and being spaced from said conducting
means to create a vacuum gap region between the insulation
means second surface and the conducting means;

pedestal means positioned between said conduc-
tive means and said insulation means second surface for
supporting said insulation ﬁeans so as to maintain the vacuum
gap between said insulation means and said conducting means ;

conditioning means to cause a charge redistribu-
tion within the insulating material to alter the voltaée

gradient thereacross, and where said insulation means is

- comprised of one or more layers of insulating material

deposited one upon the other, at least one layer of which
is formed of a material whose conductivity increases in the
presence of ionizing radiation.

10. The apparatus of claim 9, wherein said condition-
ing means comprises means for exposing said insulation means
to the presence of ionizing radiation to effect the re-
distribution of charge within the insulation material to

alter the voltage gradient across said layer.
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11. The apparatus of claim 10, wherein the condi-
tioning means causes the charge stored on the second
surface of said layer to be sufficient to cause the poten-
tial.gradient between said first and second surfaces to be

5 substantially zero.

12. The apparatus of claim 10, wherein said insula-
tion layer is composed of silicon dioxide.

13. The apparatus of claim 11, wherein said insula-
tion layer is composed of silicon dioxide.

14. The apparatus of claim 9, wherein the conducting
means is silicon.

15. The apparatus of claim 9, wherein the pedestals
are silicon.

16. The apparatus of claim 9, wherein the pedestals
are formed of an insulating material.

17. A method for conditioning an electronic storage
tube target structure comprising a conductive layer coupled
to a target electrode and a coplanar grid structure com-.
prised of an ionizing radiation resistant insulationvlayer

5 and a second insulation layer capable of conducting electrons

from its surface at an increased rate in the presence of such
-ionizing radiation, the method comprising:
elevating the voltage of said target electrode

to raise the level of the grid surface of the coplanar grid

 10 structure above a reference level;
scanning said grid surface with an electron beam
to uniformly reduce the grid surface to said reference level,
thereby developing a potential distribution across the in-
sulation layer which is a function of the dielectric constants

15 of said first and second layers;
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exposing the target to ionizing radiation for
a period sufficient to cause a redistribution of charge
within said second layer to substantially reduce the
electrical potential distribution across the second layer
to zero thereby conditioning the grid surface to be capable‘
of storing a charge pattern representative of an image to
be stored and to retain said pattern substantially in-
definitely even in cases where the stored image repetitively
read out,.

18. A method for conditioning an electronic storage
tube target structure comprising a conductive layer coupled
to a target electrode and a coplanar grid structure com-
brised of a radiation sensitive insulation layer capable
of transferring charge from a first surface towards said
conductive layer at an increased rate in the presence of

such ionizing radiation, and being separated from the

conductive layer to substantially provide a vacuum gap

thérebetween, the method comprising:
elevating the voltage of said target electrode

to raise the level of the grid surface above a reference

level;

scanning said grid surface with an electron:
beam to uniformly reduce the grid surface to said reference
level, thereby developing a potential distribution across
the insulation layer.which is a function of the dielectric
constants of said layer and the vacuum gap between the
iﬁsulation layer and the conducting layer;

exposing “the target to ionizing radiation for
a period sufficient to cause a redistribution of charge in
said second layer to substantially reduce the electric

potential distribution across the insulation layer to zero.
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19. The method of claim 18 wherein the voltage of
said target electrode during said scanning is elevated
to a value sufficient to cause complete cutoff of the beam
to the target when the target voltage is subsequently
lowered to a predetermined read potential.

20. The method of claim 19 wherein the voltage of
said target electrode during said scanning is elevated to
a value sufficient to cause complete cutoff of the beam
to the target when the target conducting member voltage
is subsequently lowered: to its read potential.

21. The structure of claim 9 wherein said conducting
means comprise a conducting silicon member;

said insulation means comprising a plurality
of elongated strips of insulation material arranged at
spaced intervals along said conducting silicon member;
said 'silicon member being etched to form a

groove between adjacent insulation strips, said grooves
undercutting each elongated side of each strip whereby each
strip is supported above the surface of the silicon member
by a_slender pedestal portion.

22. The structure of claim 21 wherein said strips
are formed of silicon dioxide.

23. The structure of claim 21 wherein said strips
are formed of silicon oxy-nitride.

24. The structure of claim 21 wherein said strips
are formed of silicon nitride.

25.7 The structure -of claim 21 wherein said strips
are formed of aluminum oxide.

26. The structure of.claim 9 wherein said conducting

means comprise a conducting silicon member;
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said insulation means comprising a plurality
of islands of a radiation sensitive insulation material
arranged at spaced intervals along said conducting silicon
member;

said silicon member being etched to form grooves
between adjacent insulation islands, said grooves under-
cutting the edges of each island whereby each island is
supported above the surface of the silicon member by a
slender pedestal portion.

27. The structure of claim 26 wherein said islands
are formed of silicon dioxide.
28. The structure of claim 9 wherein said conduct-

ing means comprise a conducting silicon member;

said insulation means comprising a grid pattern
of a radiation sensitive insulation material containing
openings arranged at spaced. intervals along said conducting
silicon member;

said silicon member being etched to form a
depressed region under each of said openings in said insulat-
ing grid where said depressed regions undercut each edge of

said openings whereby said grid is supported above the

- surface of the silicon member by a slender pedestal portion.

29. The structure of claim 28 wherein said grid is
formed of silicon dioxide. ‘

30. A method of operating electronic>storage tubes
conditioned by the method steps of claim 17 and further
comﬁrising:

scanning the target with the electron beam;

elevating the target voltage to a level suffi-
cient to cause the electron beam to strike the grid surface
with a velocity sufficient to "knock off" more electrons

than land on said grid surface;
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modulating the beam density during beam
scanning to control the amount of electrons ''knocked off"
of the grid surface, said modulation being adapted to
form a charge pattern on said grid surface representing the
image to be stored by the target.
31. The method of claim 30 comprising reading out
the stored image.
32. The method of claim 31 wherein read out of a
stored image comprises the steps of
lowering the target voltage to a level suffi-
cient to cause the most positive insulator grid surface
potential to lie below the potential level of the electron
beam source; '
scanning the target with the electron beam
while maintaining a substantially constant beam current
density, whereby said grid structure surface ﬁotential
controls the amount of electrons reach said conducting
member;
detecting the target current.
33. The method of claim 31 further comprising the

step of coupling the target current to a cathode ray tube

-display device whose electron beam is scanned in synchronism

with the electronic storage tube and modulating said beam
by said target current to display the image stored by said
target.
34. The method of claim 30 comprising the steps of
erasing a stored image comprising:
shifting the target voltage to a level:sufficient
to raise the lowest surface voltage of said grid structure

above said reference level, said level being further chosen
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to cause more electrons from the beam to land on said
target than are '"knocked off";
scanning the target with the electron beam
being maintained at a substantially constant beam current
10 to develop a substantially uniform surface potential across
said grid structure which surface potential is substan-
tially equal to said reference level.

35. The method of claim 17 further including pro-
viding a deceleration grid mesh and elevating the voltage
level of said mesh, wherein the ionizing radiation is
generated simultaneously with said scanning of the target

S by the beam scanning of the metallic "deceleration grid"
mesh placed in front of and adjacent to the target surface.

36. The method of claim 18 further including pro-
viding a deceleration grid mesh and elevating the voltage
level of said mesh, wherein the ionizing radiation is
generated simultaneously with said scanning of the target

5 by the scanning of a metallic '"'decelerating grid" mesh

placed in front of the target surface.

37. The method of claim 35 wherein the potential of

said decelerating grid mesh is raised to a level of greater
than 300 volts rélative to said reference level. |

38. The apparatus of claim 1 wherein said pattern
is a striped pattern.

39. The apparatus of claim 1 wherein said pattern

is an island pattern with said charge storage areas each
being completely surrounded by a conducting area.

40. The apparatus of claim 1 wherein said pattern
is a grid pattern with said conducting areas each being

completely surrounded by a charge storage area.

. 3
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The present invention relates to electronic
storage tubes and more particularly to electronic storage tubes
having targets of the '"coplanar grid" type utilizing beam-
current control reading (see "Electronic Image Storage" by
Kazan § Miknoll, Academic Press 1968, page 123) in which
the coplanar grid is a multilayered structure, one of the
layers serving as a miniature "battery" which functions to
yield significant improvements in erasure time and
retention time. Method and apparatus is also described
herein for operating such tubes to obtain the above mentioned

desired results.

BACKGROUND OF THE INVENTION

Electronic storage tubes employing targets of the
"coplanar grid" type are already in use and have a capability
of storing an image and retaining the stored image even
after repeated write operations. Electronic storage tubes

of the type to be described herein in greater detail have
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three basic operating modes, namely a read mode, a write mode
and an erasure mode. The write mode is typically performed
after completion of an erasure mode which consists of develop-
ing a substantially uniform charge pattern upon the coplanar
grid of the target which charge pattern prevents the electron
beam from striking the target conductive member so as to yield
a uniform "black" picture.

In the write mode, the substantially uniform charge
pattern is modified by increasing the target voltage level to
a value sufficient to enhance the secondary emission of the

coplanar grid when struck by a modulated electron beam such that

a greater number of electrons are "knocked off" of the coplanar

grid than are retained thereby due to the striking of the
coplanar grid by the electron beam at high velocity. The
"knocked off" electrons are collected by the deceleration grid
‘mesh of the tube. This results in a modified surface charge
pattern which is more positive at those locations thereof where
a beam of greater electron density has struck the coplanar grid.
During the read mode, the target voltage is significant-
ly reduced and an unmodulated electron beam (i.e. of constant
beam current) is caused to scan the target. The surface charge
pattern upon the coplanar grid serves in a manner analogous to
the control grid of a vacuum tube triode selectively controlling

the amount of electrons from the electron beam permitted to

~ strike the target conducting surface as a function of the charge

pattern. Since the charge pattern, although non-uniform, is
more negative than the potential at the cathode of the electron
gun Structure, no electrons strike the coplanar grid structure
enabling the image formed during the write mode to be retained
and thereby permitting repeated read operations without image

loss.
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It has been found that electrons impacting the decelera-
tion grid mesh during read operations generate ionizing radia-
tion (i.e. X-radiation) which greatly increases the conductivity
of the coplanar grid material causing an undesirable decrease
in the retention time.

BRIEF DESCRIPTION OF THE INVENTION AND OBJECTS

The present invention has as a primary objective
the provision of a multilayered coplanar grid structure for
electron storage tube targets which significantly enhances the
capability of the target structure to retain the image stored
therein even in the presence of radiation.

In one preferred embodiment ofvthe present invention
the target structure is comprised of a conductive silicon target

having a coplanar grid structure comprised of a plurality of

-iayers arranged in a predetermined pattern. At least one layer

of the coplanar grid structure is deposited directly upon one

surface of the conduéting.silicon and is formed of a material

~ which is substantially insensitive to X-radiation. A second

layer is deposited upon the first layer so as to form substan-
tially the same pattern as said first layer and is comprised
of a material whose dielectric constant is significantly less

than the dielectric constant of the aforesaid first layer to

produce a target structure whose quality factor "K", which is

direttly proportional to target retention time and inversely

fproport1onal to target erasure time, is greatly enhanced.

A method and apparatus is also descrlbed herein for

~operating target structures of the above mentioned type in

which the target is "conditioned" to create a charge across

~ the radiation insensitive layer which functions as a miniature

"battery”" serving to prevent the leakage of charge from
the second layer to the conducting member of the target

and further providing the unique feature of preventing the

3.
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second layer from losing its charge pattern and drifting
toward the "white" condition as is the case in conventional
structures such that, due to the presence of the aforesaid
first layer the second layer will drift toward the "black"
condition as it loses its charge pattern. The novel electronic
storage tube target structure is "conditioned" by raising the
target potential to a positive value with reference to the
cathode and scanning the target with an electron beam to dis-
charge the charge pattern on the surface of the second layer

10 to cathode potential and to cause the first and second layers
to develop a charge pattern such that a potential difference
is developed across the second layer. Thereafter, the target
structure is exposed to ionizing radiation causing the charge
pattern developed upon the second layer to "leak" or transfer to
the interface between the first and second layers whereby the
voltage gradient across the first layer increases and the

voltage gradient across the second layer is substantially reduced

to zero. Alternatively, the ionizing radiation may be generated
simultaneously with the discharge or erase of the target. In
- 20 this case, a steady state condition will be reached when the

potential gradient across the first layer is equal to full target

erase potential and the voltage gradient across the second layer
has reduced to zero, thereby "conditioning" the target to pro-
vide a significant improvement in the quality factor K.

BRIEF DESCRIPTION OF THE FIGURES

The above, as well as other features, advantages and

objects will become apparent from a consideration of the
following detailed description and drawings in which:
Figure la shows a conventional '"coplanar grid"
»30 type target.
Figures 1lb-le show the voltage gradient patterns
developed by the target structure of Figure la in the various

operating modes.
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Figure 2a shows a target structure designed in accord-
ance with the principles of the present invention.

Figures 2b-2f are curves showing the potential distribu-
tion across the target structure of Figure 2a for various
operating modes of the electronic storage tube.

Figure 3a shows another preferred embodiment of the
target structure embodying the principles of the present inven-
tion,

Figures 3b-3d show the potential distribution across
the target structure for various operating modes of the embodi-
ment shown in Figure 3a.

Figures 4a-4e show the potential distribution across
the target structure for an alternative embodiment of the inven-
tion,

DETAILED DESCRIPTION OF THE FIGURES

The novel coplanar grid type storage target structure

of the present invention and its novel method of operation has

been found to yield a dramatic improvement in image retention

time as well as a means of uniquely programming the format of
the image fade characteristics developed by the novel target
structure. Specifically, it is virtually universally known
that the erase level of the coplanar grid structure charge

pattern fades up as the negative charge pattern on the insulat-

‘ing grid members discharge by gas ions and/or radiation induced

conductivity. In addition to the general degradation in the
image contrast, the conventional mode of fade also yields other
very undesirable side effects in some applications.

For example, in graphic applications where "white"
images or lines are written on a black or erased background,
it is particularly desirable that the black background be
highly stable to assure a long "working time" between erase

cycles. For example, a stable background is essential to
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maintaining a satisfactory selective erase and editing capabil-
ity.
As will be described more fully hereinbelow, the full
range of target signal currents is controlled by a voltage
shift on the coplanar grid surface which is only a fraction of
the total voltage difference between the coplanar grid surface
and the conducting silicon. This is significant for the reason
that the influence of X-radiation from the grid deceleration
mesh influences the coplanar grid layer to significantly increase
10 its conductivity so that the voltage on its surface will shift
towards the silicon potential VTR.
The conventional coplanar grid type target normally
operates such that a shift in insulator surface potential of
only two to three volts is sufficient to cause the image to
fade from black to mid-gray (the definition of retention
time). Since the erase target voltage Vrg is typically of
the order of +20 volts, the effective retention timeﬂ?;
is only a fraction (typically 10%) of the relaxation time.
In other words, the high coplanar grid fields developed
~ when the grid surface undergoes an erasure operation can
cause a significant radiation induced current to flow from
- the coplanar grid which rapidly shifts the insulator surface
potential through its effective control range.
The above concepts will be described in more
detail in connection with Figures la through le as set
forth herein below:
| As shown in Figure la the target structure 10 of a
conventional "coplanar grid" type target is comprised of a
conducting layer 11 which may typically be conducting silicon

and which is provided with a plurality of areas of an

insulating layer 12, typically silicon dioxide, which are

preferably arranged in a striped pattern. An electrode 13

6.
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is coupled to the conducting silicon for applying target
voltage thereto. The signal is read out of the conducting
silicon in the form of target current Ips which target current
is a function of the charge pattern developed by the coplanar
grid as will be more fully described. The striped arrangement
is such that the conducting silicon 11 has exposed surface
portions lla adapted to be scanned by the electron beam 14 and
being arranged between each adjacent pair of insulating areas
which may preferably be in the form of strips 12,

The erase mode for the target structure 10 will now be
described in conjunction with Figure 1b which shows the electri-
cal potential distribution across the target structure. A
target voltage typically of the order of +20 volts (relative to
the cathode) is applied to electrode 13. An electron beam 14 is
generated‘and is swept in a direction shown by arrow 15 so as
to move écross the pattern of insulating strips 12. The
electron beam is emitted from the electron gun cathode 16. Re-

ferring to Figure 1b dotted line 17 represents the interface

between the conducting silicon 11 and the coplanar grid 12

while dotted line 18 represents the surface of one of the
strips 12. Curve portion 19a of curve 19 represents the

potential of the target voltage (+20 volts) and the

~_potential distribution across conductive layer 11. Let it

be assumed that just prior to the sweep of the target by

electron beam 14 that the surface of one strip was at a

potential above 0 volts as represented by the point 20a in

Figure 1b. Thus, dotted line 20 represents the potential
gradient across the silicon dioxide layer 12. As the electron
beam strikes the silicon dioxide, the electrons are collected
on the surface to make it increasingly more negative so that
surface voltage changes from a positive value designated by
point 20a to increasingly more negative values designated by

the points 2la and 22a, dotted lines 21 and 22 respectively
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representing the changing potential distribution across the
insulating strip 12. The silicon dioxide strip 12 will
continue to accept electrons from the beam until its surface
potential moves to a value of 0 volts as represented by point
24 in Figure 1b whereupon no further electrons will be collected
by the silicon dioxide strip since the cathode 16 of the
electron gun is maintained at ground potential. At this time
the potential gradient across the silicon dioxide strip is
represented by curve portion 19b of Figure 1b. Ultimately, all
points of each strip forming the coplanar grid which have been
swept by the electron beam 14 will be at substantially the same
potential (i.e., 0 volts).

In order to test the satisfactory completion of
the erasure operation, the target voltage is reduced to a
value which is typically +10 volts as shown by curve portion
26a in Figure lc. At this time, the potential distribution
across the silicon dioxide strip, which functions as a
capacitor, remains constant so that point 24 of Figure 1b

moves abruptly to point 24' shown in Figure lc with curve

' portion 26b representing the potential distribution across

the silicon dioxide strip 12. This will occur for all of the
portions of every strip of the target structure scanned by
the electron beam. With the target voltage béing maintained
at a level of +10 volts, an unmodulated electron beam (i.e.
of constant beam current) is caused to scan the target and
the target current I (Figure la) is detected, amplified

and applied to a conventional cathode ray tube display (not
shown for purposes of simplicity) which is swept in synchro-
nism with the scanning of electron beam 14 in the electronic
storage tube. Since the cathode 16 of the electron gun

is maintained at ground potential (i.e. 0 volts) the

surface voltage of -10 volts (see point 24' of Figure 1b)
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typically prevents any electrons in the beam from striking
the target areas lla of the conducting silicon 11. This
operation may be directly analogized to the operation of a
vacuum tube triode whose control grid, when maintained at a
level more negative than the cathode, will develop no grid
current and when sufficiently negative, will cut off anode
current. The target current It applied to the cathode ray
tube display device will be zero to develop a "black" picture
indicating that the erasure operation has been successfully
completed.
The write mode for the structure of Figure la
will now be described in connection with Figure 1d.
The target voltage during the write mode is

shifted upward to a level of the order of +300 volts. The po-
tential distribution across the silicon dioxide strip 12 remains
constant as represented by curve portion 27b with the surface
potential represented by point 24" being +280 volts.

' The control grid Gl of the electron gun (see Figure la)
is modulated by a signal whose range is typically of the order
of 10 volts peak-to-peak to control the intensity of the

electron beam as it is swept across the target structure 10

(by suitable deflection means). The surface voltage (+280 volts)

of the silicon dioxide is at a level high enough to cause the
silicon dioxide to exhibit a high secondary emission ratio

whereby many more electrons are 'knocked off'" of the surface

.of the strip 12 than are retained as a result of high velocity

impingement of the electron beam upon the surface of the
stribs. The "knocked off" electrons are collected by the
electron storage tube deceleration grid (not shown for purposes
of simplicity). Thus, the surface charge moves upwards

from the value of +290 volts to an increasingly more positive

value as shown by the points 28 and 29 of Figure 1d, with the
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dotted lines 30 and 31 respectively representing the potential
distribution across the silicon dioxide layer. It should be
obvious that the charge pattern across the entire target can be
made to be non-uniform and dependent upon the type of data or
image being written therein. Therefore, the various locations
along the surfaces of strips 12 will be at differing surface
potentials so that the surface potential across the coplanar
grid structure will typically be in the range from +280 volts to
+290 volts with the specific values at such points collectively
representing the image being stored.

The read mode will now be described in connection with
Figure 1le.

The target voltage VT, during the read modes is shifted
to a value of the order of +10 volts as represented by curve
portion 32 in Figure le. The surface potential of the silicon
dioxide will range from a minimum value of -10 voltﬁ to a
maximum value of 0 volts as represented by the points 24" and
29', The potentiai gradient betweeh these two extremes are
represented by the curves 27b' and 31! respectively. The un-
modulated (i.e. constant density) electron beam 14 is caused to
scan across the target and the target current is detected,

amplified and applied to a typical cathode ray tube display

-device to modulate its scanning electron beam in accordance

with the value of the target current as it is swept by
electron beam 14 dﬁring the read mode. For those points along
the coplanar grid surface which are at the level 24" (i.e. -10
volts) no electrons from the beam will be permitted to strike
the surface area of the conducting silicon immediately adjacent
that portion or those portions of the coplanar grid

structure whose surface potential is at the -10 volt level.

For those points along the coplanar grid surface at the level

29' (i.e. 0 volts) there will be no repelling forces imposed

- 10 -
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upon the electron beam so that maximum target current will be

generated at this time. For typical grid structures (i.e.

- grid area = 30%) the operating range of surface potential for
total area

full current control is typically 3 to 4 volts. Hence, for these
points along the grid structure surface having values betwee -6
and -10 volts, various levels of target current proportional to
the surface potential will be created at these points. Since
the most positive potential on the surface of the coplanar grid
will be below the 0 volt level and preferably below the -5
volt level, electrons from the cathode 16 developing electron
beam 14 (see Figure la) will be repelled by the charged dis-
tribution pattern and hence the charge pattern stored by the
grid surface will be unaffected by the electron beam during a
read operation. The distinct advantage of this feature resides
in the fact that many repeated read operations may be performed
(within limits) without any degradation in the image pattern.
As a practical matter, however, and through careful
observation of the target as a result of extensive experi-
mentation, it has been found that the striking of the electron
beam upon the deceleration grid mesh causes ionizing radiation
to develop which serves to significantly increase the con-
ductivity of the silicon dioxide layer so that charge from its
surface represented by dotted line 18 in Figure le (which is
more negative than the target voltage represented by curve
portion 32) will drift toward the interface between the con-
ducting silicon and the insulative grid to become progressively
more and more positive as shown by the points 33, 34 and 35
whereupon the surface charge drifts upwardly toward the "white"
condition which was defined hereinabove as that surface potentiél

which permits maximum bombardment of the conducting silicon

- 11 -
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surface areas 1lla by the electron beam 14 (see Figure la).

The present invention is directed toward eliminating
this undesirable feature which is accomplished through a
target structure 40 as shown in Figure 2a which in one preferred
configuration comprises a conducting silicon member 11 having
a plurality of elongated strips 41 arranged in a striped pattern
much the same as that shown in Figure la so that portions 1lla
of the conducting silicon 11 are exposed between each pair of
adjacent strips. Each strip, in turn, is comprised of a layer
of substantially radiation insensitive insulation material 41a
having a second layer of insulation material 41b deposited
thereon wherein each layer 41b preferably has a dielectric con-
stant which is significantly less than the dielectric constant
of the layers 4la. A radiation insensitive insulation material
is herein defined as one whose conductivity is substantially un-
changed in the presence of ionizing radiation relative to its
conductivity in the absence of ionizing radiation.

In one preferred embodiment of the present invention
the layers 41a are formed of a material which is substantially
immune to ionizing radiation such as X-rays. Suitable materials
which may be employed for this purpose are aluminum oxide,
silicon nitride and silicon oxy-nitride although any other
insulation material exhibiting substantial immunity to ionizing
fadiation may be employed. The layers 41b are preferably formed
of silicon dioxide.

The manner of operation of the target structure 40
will now be described in connection with Figure 2b wherein
dotted line 42 represents the interface between the con-
ducting silicon and the silicon nitride, dotted line 43
represents the silicon nitride-silicon dioxide interface

and dotted line 44 represents the surface of the silicon

12,
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dioxide. Curve 45 represents the potential distribution
across the target structure as represented by the curve por-
tions 45a, 45b and 45c respectively. Let it be assumed that
the target voltage Vr is raised to a value which is substan-
tially the same value as is employed during the erase mode and
as represented in Figure 2b by the symbol VTE‘ Thus curve
portion 45a represents the constant voltage level across the
conducting silicon 11, The unmodulated electron beam 14 is
caused to scan across the target structure 40 which accepts
electrons from the beam reducing the surface potential ultimate-
ly to a value of 0 volts as represented by point 46 in Figure
2b which is substantially identical to point 24 shown in
Figure 1b. Since the exposed surface of layers 41b will be at
0 volts at this time and since the electron gun cathode 16 is
maintained at ground potential, the coplanar grid structure
will accept no further electrons thus completing the erasure
operation. The voltage distribution across the coplanar grid
areés 41 is determined by the values of the dielectric con-
stants of layers 41b and 41a. Since the relative capacitances
of these layers are directly related to their dielectric con-
stants, the voltage distribution across the layers will be
developed in the manner shown by curve portions 45b and 45c

withithe layer 41b having the greater voltage gradient across

'its‘thickness due to its lower capacitance. Thus there is a

"break" in the slope of the gradient at the silicon nitride/sili-
con dioxide interface 43, due to the fact that the dielectric
constant of the silicon nitride is greater than that for the

silicon dioxide,

13,
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If the target is allowed to stand in the presence
of ionizing radiation and with the beam scanning for a

time period which is significantly greater than the di-

electric relaxation time Tle1» defined by

’frel = eox/gox

where € . = dielectric constant of the silicon dioxide

and e;;x = conductivity of the silicon dioxide

13a.
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The charge developed across layer 41b will be altered in
the manner shown in Figure 2c so that the break point 47 (see
Figures 2b and 2c) will continue to move downwardly along
interface 43 to points 48, 49, 50 and so forth until all of
the negative surface charge is transferred from surface 44
of layer 41b to the silicon dioxide-silicon nitride interface
43 such that the voltage gradient across layer 41b will be
zero and substantially all of the voltage gradient will be
across the layer 41a as represented by solid line curve
portion 45b' (solid line curve portion 45c' representing
the 0 voltage gradient across layer 41b),

The operation of this novel coplanar type target
structure will now be described for each of its various modes.

Turning to a consideration of Figure 2d the target
voltage is shifted to the read level VTR' At this time
the potential gradients across layers 4la and 41b remain
as shown in Figure 2c and abruptly shift downwardly as
shown in Figure 2d due to the downward shift in target
voltage to the 'read" level. Thus, even though the potential
gfadient across layer 41b is zero as represented by curve

portion 45¢' of Figure 2d, the surface potential qs' equals

~ the target read voltage less the target erase potential

(i e. is = VTR -VTE) and is well below the 0 volts level

 and in one typical embodiment of the order of -10 volts

(when the target voltage is as +10 volts which is analogous
to the arrangement shown in Figure 1lc).
The unmodulated electron beam 14 (see Figure 2a) is
then swept across the target in the same manner as was described
hereinabove. Since the electron gun cathode 16 is

maintained at reference potential, the uniform (-10 volt)

14,
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volt) level on the coplanar grid - i.e. on the surface 44 -
prevents the electron beam from striking the exposed areas
1la of the conducting silicon 11 so that the detected
target current (I) is zero providing a positive indication
that the erasure operation has been successfully completed.
The important feature of the improved structure shown
in Figure 2a is that the silicon nitride layer, after having
developed a potential distribution as shown in Figures 2c¢
and 2d, acts like an "electret" or miniature "bias battery"
10 in generating a negative erase potential on surface 44
while at the same time maintaining the field across the layer
41b at a constant zero level. Hence, the erase condition is
now stable even under the influence of ionizing radiation.
An extremely novel condition which results from the structure
of Figure 2a and having a charge pattern as shown in Figure
2d is that if the silieon dioxide surface potential is
raised toward the 0 volt level (for example, by gas ions or
by having been written "white"), a reverse field will occur
~in layer 41b which reverse field will slowly return to zero
 ’due to the transport of negative charge from the silicon
~ oxide- -silicon nitride 1nterface back to the silicon oxide
bsurface which is now in the erase condition. Hence, with
thxs novel structure the radiation actually maintains the
~erase level, and a "white" surface charge tends to fade
"black"” which is the reverse of conventional retention fade.
This can be best understood from a consideration of Figure
IZe. Let it be assumed that the target voltage is raised to
the "wrlte" voltage level (VTw) which is usually of the order of
+300 volts. The potent1a1 distribution is then glven

by the curve portions 45a', 45b' and 45¢c'. The surfaces

44 of layers 41b (see Figure 2a) will then be uniformly

A - 15 -



1011387
at a level of the order of +280 volts. The electron beam
14 is then caused to scan across the coplanar grid structure
of the target and is modulated by the application of a signal
whose peak-to-peak value may typically be of the order of 10
volts and which is applied to the control grid Gl (Figure
2a). Since the voltage level at the surfaces 44 is quite
high, the electrons from electron beam 14 strike at a velocity
to cause more electrons to be "knocked off" of surfaces 44
than are caused to remain due to the impact velocity of the
electron beam so that the surface potential rises from point
53 (which is at the +280 volt level) toward a more positive
level, as represented py point 54, along the silicon dioxide
surface 44, In the same manner as was described in connection
with Figure 1d, the charge pattern across the target surface
will range from a minimum of +280 volts to a maximum of +290
volts and preferably a maximum of +285 volts. Thus, a potential
gradient will be developed across the silicon dioxide layer 41b as
represented by dotted line 55 in Figure 2e. The potential at
the silicon dioxide/silicon nitride interface 43 will be
raised only very slightly to the point 56 so that the potential
gradient across the silicon nitride layer will be substantially
'thefsame as that shown in Figures 2c and 2d by curve pbrtion
45b°'.

Turning now to a consideration of the read mode the target
voltage is shifted downwardly to the read level which is of the
order of +10 volts (relative to the cathode) as represented
by curve portion 45a' in Figure 2f. Curve portion
45b' represents the voltage gradient across layer 4la
while curve portion 55 represents the voltage gradient
across layer 41b. It can be seen that the downward shift

in target voltage from a level of +300 volts to a level of

- 16 -
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the order of +10 volts causes a similar shift at the points
54 and 56 in Figure 2e to the points 54' and 56' in Figure 2f
whereby point 56' at interface 43 is slightly above the level
of -10 volts and point 54' is at a level of the order of -5
volts or less and preferably in the range from -5 to -10
volts (relative to the cathode).

With the target voltage now fixed at the read mode level,
the electron beam 14 is caused to scan the coplanar grid
pattern. The electron beam is not modulated during the read
operation. The level of the voltage at the surface 44 of
layers 41b regulates the amount of current from electron beam
14 which will strike the exposed conducting silicon surfaces
1la with the charge pattern on surface 44 functioning in much
the same manner as the control grid of a vacuum tube triode
which regulates the amount of current flowing to the anode
of the triode whereby the more negative the control electrode
the less current flowing to the anode. The target current is
detected and its maximum value represents a "white" condition
while its minimum value represents a "black'" condition. The

target current is amplified and employed as a grid modulating

" signal to a cathode ray tube display device which is operated

(i.e. scanned) in synchronism with the scanning of the electron
storage tube shown in Figure 2a operating in the read mode.

The maximum target current is developed when the surface
potential at 44 is closest to the 0 volt level while the

minimum target current is developed when the potential at

‘'surface 44 is closest to the -10 volt level.

During the read operation, the electron beanm,
upon striking the deceleration grid mesh DM (which is
used to gather '"knocked off" electrons from the coplanar

grid), causes radiation to be generated which affects the

- 17 -
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layer 41b by making it more conductive. The increased
conductivity of thc layer which would normally permit the
electrons to transfer to the higher potential level of
the conducting silicon as described in connection with
Figure le is prevented from doing so in the embodiment of
Figure 2a due to the fact that the potential along inter-
face 43 (represented by point 56') is more negative than
point 54' thereby preventing surface charge from being
transferred from surface 44 to interface 43 so as to
provide a very significant improvement'in‘retention tinme.
In additipn thereto, if any fading does occur,
it should be noted that the effect of layer 4la, which

serves as a miniature "biased battery', will cause electrons

to drift in the direction from the interface 43 toward

surface 44 causing the "white" level to fade toward "black"

which is the reverse of retention fading which occurs in
conventional storage targets, for éxample of the type

shown in Figure la. This feature is extremely advan-

~ tageous for use in interactive display systems employlng

electronic storage tubes and making use of the selective
erase characteristics of such.tubes. v

The erase mode functions in substantially the
same manner as was described in connection with Figure
2¢ whercin the tafget voltage is raised to thé grése

level which is usually of the order of +20 volts causing

. point 54'shown in Figure 2f to shift upwardly along dotted

line 44 so as to reach a level which is usually of tﬁe

order of a maximum of +5 volts and in most cases is no

_greater than +10 volts. The electron beam cathodc, main-

tained at reference voltage, causes the electrons in
the beam to be attracted by the surface 44 of layers

41b driving the surface potential more negative so as to

18.
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shift point 54' downwardly from a plus voltage level ultimately

“to a level of 0 volts whereupon the potential distribution

across the target structure is shown by curve portions 45a"',

“45b' and 45' of Figure 2c.

Furthermore, since a field in the silicon dioxide

appears only for a silicon dioxide surface potential shift

Aéox from the zero field condition of Figure 2d, d) =VTR- V‘I'B’

the change in AQ with time is given by the expression
Dox(t) = (AGox initiar)e"t/ gy |

Hence, the fade takes the full relaxation time
77REL and is exponential in nature (i.e. "gray'" levels fade
similarly). In the normal target structure as shown in Figure

la, black fades toward white at a greatly accelerated rate due

to the #ery high electric field distribution across the
 silicon dioxide as represented by the express1on VTB/T3102

- where VTE is the’ target voltage erasure level and where

TSiOz

is the thickness of the 5111con dioxide layer.

: Measurements on actual electronic storageitubes
having targets of the type shown in Figure 2a have shown that
for this target structure a't;BL of the order of 50 to 60
minutes was observed, whereas for a structure of similar
dimensions employing only silicon dioxide as'represented by
the target structure 10 of Figure la, retention time was

only 7 minutes. Furthermore, it has been found that the
erase level remained absolutely stable for hours.

Figure 3a shows still another preferred embod1ment

of the present invention wherein the radlatlon insen-

sitive level employed in Figure 2a is replaced by a

"vacuum gap'. As shown in Figure 3a the structure 60 is

comprised of conducting silicon 61 which has been etched
so as to form a plurality of thin elongated pedestals

61b each having supported thereon a layer or strip 62 of

.
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silicon dioxide with the silicon dioxide layers being
elongated strips whosc longitudinal axes are substantially

coincident with the longitudinal axes of pedestals 61b.

. The width "W'" of the pedestals is chosen so as to have

an insignificant effect upon the dielectric constant of tﬁe
"“vacuum gap'". For this reason the pedestal may be formed
of conducting silicon or any of the insulation materials
employed to form layers 4la or 41b of Figure 2a and
mentioned hereinabove. '

The spacing between confronting edges 62a of
adjacent elongated strips 62 is chosen to as to expose the
conducting silicon in the regions 6la in substantially the
same manner as is shown in Figure 2a. The depth G of the gap

between the underside of each elongated stfip-62 and the

- confronting surfaces 6la of conducting silicon 61 lies in

‘_ifhé range of from .05 uM to 3 _uM and preferably in the

range from .1 uM to 1 uM. The width W of the slender
pedestals 61b is of the order of 5% to 50% of the width of
the insulating stripsGZa and preferably falls in the range
from 10% to 30% of the width of the strips 62a. It can be .
seen that in terms of the operation just described in
connection with the embodiment of Figure 2a that the “vacuum
gap" serves the same function as the radiation insensitive
material such as silicon nitride employed as a layer 4la
in Figure 2a. |

Figures 3b through 3d will now be considered to

explain the operation of the alternative embodiment 60

- shown in Figure 3a.

Let it be assumed that the target voltage of
target structure 60 is shifted to the erase level which
is typically of the order of +20 volts as shown by VTE
in Figure 3b. The electron becam is caused to scan the
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target and is unmodulated at this time (i.e. has a con-
stant beam current). Since the cathode of the electron
beam is maintaincd at ground or reference potential,

a uniform charge distribution will be dcvelopéd across the

surfaces of the coplanar grid strip 62 so that the sur-

<face potential, as represented by dotted line 64 in

- Figure 3b, is at 0 volts. Since the dielectric constant

of the silicon dioxide strips 62 is higher than the dielectric
constant of a vacuum (it being understood that the electron
storage tube comprises an envelope which is evacuated), the
potential distribution across the gap, which extends from
interface 65 shown in Figure 3b to the exposed surface areas 6la

and represented by line 66 in Figure 3b, will be substantially

greater than the pofential distribution across the silicon

dioxide layers as represented respectively by curve
porfions 67b and 67c respectively. .

In the presence of ionizing radiation, énd during
a period ofbtime greater than the induced conductivity
relaxation time of the oxide, the electrons along surface 64

will transfer to interface 65 so that break point 68 between

- curve portions 67b and 67c moves progressively downward as

shown by points 68' and- 68" until .the potential gradient
across the oxide layers 62 is cénstant and zero as shown by
curve portion 67c' in Figure 3c. Thus substantially all

of the potential gradient will be across the vacuum gap as

represented by curve portion 67b' of Figure 3c and once this

condltlon is achieved, the electron storage tube is now
"conditioned" for operation in the gxtremely advantageous .
manner as described in connection Qith the embodiment of
Figure 2a. It ;hould be understood that the pedestals 61b
are sufficiently narrow so as to have a significantly reduced

effect upon the transfer of charge from the 5111con dioxide
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strips 62 to thc conducting silicon 61,

Figure 3d shows the resultant curve when the
elcctron storage tube is in the recad mode. In this
condition the target voltage is lowered to a value of the
order of +10 volts. Since the voltage distribution across
the vacuum gap G and the silicon dioxide cannot change
instantaneouély (due to the fact that they both function
as capacitances) their voltage levels at the interface
6S and surface 64 will shift down by an equal amount so
that point 68"'shown in Figure 3c and point 69 which lies
along surface 64 will both be at -10 volts.

If the electron beam is caused to scan across the
target structure the negative potential at surface 64
will prevent any electrons in beam 14 from striking the
conducting silicon areas 6la so that no target current
will be detected indicating that the erase operation has
been successfully completed.

" The write mode functions in substantially the
Same manner as was described above in connection with

the embodiment of Figure 2a and the representative curve of

- Figure 2f. The target voltage is shifted upwardly to

a valué typically of the order of +300 volts and the
Amodulated electron beam strikes the surface 64 at such a

 high velocity as to cause more electrons to be "knocked off"

- of surface 64 than land. This drives the surface 64 more

positive depending upon the modulat1on level of the
modulatlng signal applied to- the control grid Gl (see Figure
2a for example). Once the write mode is completed and

it is desired to operate in the réad mode, the target

Voltage‘is shifted downwardly to a level of the order of

+10 volts whereupon the surface potential will range from

a value as shown by point 69 in Figure 3d to point 70.

22,



10

20

30

1011387

Since all of these values will be less than 0 volts and since
the cathode of the electron gun is maintained at reference
potential, all points of the surface pattern will be more
negative than the electron gun cathode with the values of the
points of the image causing a larger target current the closer
these points are to the 0 volt level and a smaller target
current the more removed they are from the 0 volt level (and
hence more negative).

In the same manner that a "white" level will tend to
fade toward "black" as was described in connection with Figure
2e, the identical and unique feature will be obtained through
the target embodied in Figure 3a.

It should be noted that the ionizing radiation used to
"set' the target (i.e. to cause the silicon dioxide, or similar
insulation material potential gradient to reduce towards zero)
can be developed either internally or externally. For example,
the radiation used to render the silicon dioxide level more

conductive can be derived from the grid deceleration mesh DM

- or can be an externally applied radiation source such as, for

example, ultra-violet light, X-radiation from an X-ray source
and the like. The voltage level applied to the grid de-
celeration mesh DM is typically greater than the highest
voltage applied to the target. Noting Figure 2e, for example,
the highest target voltage is typically +300 volts d.c. so that
the voltage level applied to DM is typically greater than +300
volts d.c. to prevent electrons "knocked off" of surfaces 64
to move towards grid G, or cathode 16 (see Figure 2a). Thus,
vhen the erase mode develops the curves represented by curve
portions 67a, 67b and 67c of Figure 3b, the target is sub-
stantially simultaneously exposed to ionizing radiation, such
as X-radiation or ultra-violet light, causing the break point

68 at interface 65 to move progressively downward until the

¥
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voltage gradient pattern shown by curve portions 67a', 67b' and
67c' of Figure 3c is obtained. The use of an external radiation
source or an appropriate voltage on the grid deceleration

mesh permits the "conditioning" of the target to obtain the

voltage distribution as shown in Figure 3c to be obtained

rather rapidly.
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Although in describing Figurc 2a, layer 41b
was described as the radiation scnsitive layer and 4la as
the radiation resistant layer the positions of the layers
may be reversed without substantially modifying the principle
of operation. Figures 4a through 4e show the potential
profiles for the embodiment of Figure 2a but wherc 41b is
the radiation insensitive layer and 4la is the radiation
sensitive layer.

The erasing, writing and reading sequence is
identical. The result of the'built-in potential in layer 41b
is again to allow the electric field or potential gradient in
radiation sensitive layer 4la to be reduced to zero (erased)
or to near zero (written).

. Briefly Figure 4a shows the potential dis-
tribution upon completion of an erasure operation. It should
be noted that the larger voltaée gradient is across layer
4la which is now the radiation sensitive layer. Figure 4b
shows the target as it undergoes transfer of charge, the '
potential gradient being successively reduced across
layer 41a as shown by curve portions 45b, 45b', 45b",
45b"' while the potentiél gradient<45c increases to 45c',
45c", 45¢"'. The target is now checked for successtul

completion of the erase operation as shown in Figure 4c.

- The surface potential at 46 being more negative than the

_cathodé, prevents the generation of any target curreht Ip
(Figure 2a).

. ~ Figure 4d shows the writing phase wheré the
.surface potential is raised from point 46 to 46' due to
the sccondary emission effect also causing a slight

increasc from point 47 to 47' at interface 43. Figure 4e

shows the read phase. The advantageous "battery" effect

is retained since thc layer 41b is the radiation inscnsitive
.layer,

24.
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Also, although the method of transferring charge
to the interface between the two insulating layers
has been limited to ionizing radiation induced conductivity,
other methods are possible. For example, field induced
tunneling of charge from the silicon into the insulator
and to the interface is also possible and can be used to
create the desired internal "battery" effect.

it can therefore be seen from the foregoing
description that the present invention provides a novel
target structure having extremely enhanced image and
erasure capabilities. In addition thereto a novel method
has been described herein for "conditioning' the novel
target structure so as to obtain the extremely enhanced

image retention characteristic and to further cause white

levels to fade toward black in cases where any fading occurs.

. ~ Although there has been described a preferred
embodiment of this novel inventioﬂ, many variations and
modifications will now be apparent to those skilled in
the art. Théreforé, this invention is to be limited,not
by the specific disclosqre hérein, but only by the

appending claims.
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