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This invention relates to. image display apparatus and
more particularly to image display apparatus for storing
and preducing lasting image displays.

In many computer, facsimile, and other electronic sys-
tems in which output data is constantly changing, it has
become increasingly necessary that accurate retention of
this output information at any given instant be conveni-
ently provided for extended periods of time. - It is, there-
fore, an cbject of the present invention to provide ap-
paratus for retaining and storing image information
applied thereto at any given instant.

It is another cbject of the present invention to provide
image storage apparatus adapted to simultanecusly receive
image information from a plurality of sources and pro-
duce sustained joint displays of the data applied at any
given time.

It is another object of the present invention to provide
image storage apparatus in the form of a cathode ray
type storage tube having means for selectively erasing
different images from the storage surface.

It is a further object of the present invention to pro-.

vide a lightweight, inexpensive image storage device util-
izing simplified construction for producing lasting displays
of a size suitable for simultaneous presentation to a
plurality of observers.

Other objects and features of the present invention will
be readily apparent to- those skilled in the art from the
following specification and appended drawings wherein
is illustrated a preferred form of the invention, ‘and in
which:

Figure 1 is a diagrammatic elevation view of a storage
device illustrating an embodiment of the invention,

Figure 2 is a sectional view taken along line 2—2 of
Figure 1, .

Figure 3 is a fragmentary sectional view similar to
Figure 2 but illustrating anocther embodiment of the
invention, :

Figure 4 is an enlarged sectional view taken along line
4—4 of Figure 3,

Figure 5 is a fragmentary sectional view similar to
Figure 3 but illustrating still another embodiment of the
invention,

Figure 6 is a sectional view of a cathode-ray fube em-
bodying the invention, and

Figure 7 is an enlarged fragmentary view of a cathode-
ray tube screen, similar to that shown in Figure - 6, but
illustrating another embodiment of the invention,

In its preferred embodiments, the present invention
basically comprises a device having a plarality. of layers
including a radiation sensitive layer which emits elec-
trons in response to image radiations directed thereon,
an electron sensitive ‘layer which responds -to electron
bombardment to produce image radiations in accordance
with the electron. image patierns, and a screen which
transforms the total emission of the radiation sensitive
layer into a plurality of isolated and discrete electron
beams and also transforms the total radiations of -the
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electron sensitive layer into a plurality of isolated and
discrete radiation beams. These laminae and the screen
cooperate to produce area conirolled radiation feedback
from the electron sensitive lamina to the radiation sensi-
tive Jamina, such that electron emission is continuously
regenerated from corresponding areas of electron seasitive
lamina.

Referring to Figure 1, an image storage device is shown
which includes an envelope 16 having a circular con-
figuration in the particular construction illustrated. As
illustrated in more detail in the sectional view of Figure
2, a lamina of radiation sensitive material 11, a lamina
of electron sensitive material 12, and a screen 13 having
a plurality of openings therein are positioned within
envelope 10. The particular shape of envelope 18 forms
no part of ‘the present invention, and, as shown, it may
take the form of a circular cylinder 14 having end faces
15 and 15a suitably sealed thereto. Thus, cylinder 14
and end faces 15 and 154 provide, in this embodiment, a
sealed container capable of being evacuated. FEnd por-
tions 15 and 15a are preferably transparent to radiation
patterns directed thereon and, where these radiation pat-
terns are in the form of light, transparent glass or plastic
may: be utilized. The cylindrical member. 14 may be
produced from materials similar to those of end portions
15 and 15, however, in some ‘applications it may be de-
sirable to make member 14 non-transparent and thereby
limit radiations to those directed through faces 15 or 154.

Radiation sensitive material 31 serves to transform
radiation -patterns directed thercon into corresponding
electron images: Althcugh the utility of the present in-
vention is not limited to light radiations, for purposes of
simplicity and clarification, the description hereafter wiil
be given in terms of light. Accordingly, radiation sensi-
tive material 11 may comprise material selected from the
class of metals known as “alkali-metals” which char-
acteristically emit electrons in the presence of light. . Typi-
cal metals of this class are lithium, sodium, potassium,
ceasium, calcium, strontium,. and the like. In accordance
with the invention oné of these light sensitive materials
is formed in a continuous layer. 11, positioned and ar-
ranged within envelope 10 to receive light patterns-to be
stored. A thin foil of the formed and effectively installed
within envelope 10 in juxtaposition with transparent face
15 or, on the other hand, a lamina 11 of the proper ma-
terial may be directly formed as a thin film upon face %5.
Methods and techniques of preparing this light sensitive,
electron emissive surface are well known in the art and
many references are available, such as “Television” by
V. K. Zworykin and B. A. Morton published in 1940 by
John Wiley and Soss, Inc. Consequently, a light pattern
directed  through transparent face 15 serves to energize
light sensitive lamina 11 whereupon lamina 11 emits elec-
tron streams in proportion to the light intensity and
thereupon transforms .and reproduces the light - pattern
into a corresponding integral electron image.

Screen 13 is positioned within envelope 19 and serves
primarily to subdivide the integral electron image pro-
duced by light sensitive surface 11 into a plurality of
independent elements to form a composite image in ac-
cordance with the integral image. Screen 13 may be a
substantially planar member or lamina formed of a non-
transparent material and is arranged to overlay portions
of the continuous light sensitive surface 11. As shown'in
greater detail in Figure 4, screen 13 has incorporated.
therein a plurality of discrete areas or electron pervious
portions 16, and with lamina i1 being a light sensitive
material, screen 13 may be produced from opaque glass,
plastic, ceramic, or like material in which areas-16 are
actual openings extending therethrough, which are gen-
erally normal to the surfaces. The screen 13, which is
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opaque mtermedlate the areas 16, is impervious to hght
transmission therethrough and may be said to be a light
impervious ‘portion which has formed therethrough the
areas or electron pervious portions 16..- Openings 16 are.
of a size sufficient’ to -afford passageways for. eléctron.
emission from surface 11 and also to afford transmission
therethrough of light from electron sensitive miaterial 12,
Obpenings 16 may be formed in screen 13 by any, of several
suitable methods, such as miolding, drilling, or photo-
etching.. In Figure 2, screen 13 is adjacent thé con-
tinuous surface 11 and, as shown, is in abutting: relation
thereto:* The opaque screen with its isolated transparent
areas 16 serves.to: mask portions of the continuous. light-
sensitive layer. 11, transforms the, mtegral electron image.
into -a° composite 1mage formed within the areas 16 of.
screen 13, and openings. 16, commuiicating between
laminae 11 and 12 provide separate regencrative paths
between, correspondinig areas of said laminae. = Screen
13 also serves to restrict the direction’ of. travel of the
resulting electron streams forming the comiposite, iffiage.
and - consequently ‘restricts’ the “area  of regenération.

within limits established by _the Tespective transparent’

areas ‘16, -Hence, with' a light pattern directed through
transpafent face 15-and upon surface 11, a correspond-’
mg integral’ electron image is produced. Screen. 13,
in association’ with surface 11, breaks up the. 1ntegral‘
electron image into a, plurahty of indépendent image.
elemenfs to form a composite image and channels, each of

the partlcular image elements toward predetermmed areas.

on electron-responsive lamina 12.

Tt will be apparent that-the resolution of-the: compos1te‘

electron image formed by the totality of the independent

electron streams produced by the openings 16 of scréen:13

is.dependent upon the number of openings per unit area of
the. screen.
openings.in screen 13 resolution will be increased and the

composite. electron image transmitted through openings .
16 will- more nearly -approximate - the 1ntegral electron

xmage formed-on surface-1F. 'As shown in the sectional”
view of Figure 4, apertures 16 are quite evenly distributed-

and arranged throughout the screen 13, however, the par--

ticular arrangement of the apertures 16 forms no part of*
the. present:invention and from- the following: description

it will-become readily apparent to those skilled: in the art.
-that the. size, arrangement, and-distribution of the aper--

tures: may be systematically organized- for-specific appli:
cations.
tures of gradunated sizes and-thereby provide variations in’
resolution over the surface of the screen. - Furthermore,
it has been determined. that: the path. length travelled-by

the. plurality of: electron streams- through- the apertures-

16: of screen 13 is immaterial-to the operation of the de-

vice, however, the thickness: of-sc¢reen 13 should be suffi-
cient to. withstand. the- requlred potentlal gradlents de-~

veloped across. it.

surface having actual openings.therein, it should be under-
stood that other embodiments of: the: screen are: contem-

plated For 1nstance, screen: 13-may be in the form of a-
mosaic plate comprising a. multlphclty of transparert, non- -

conductive. particles “isolated’ one from ‘another- by an

- opaque material.  The resultlng screén is functionally simi-

lar to.screen 13:illustrated in Figure 4 .and, ‘when over-
laying  photoemissive. surface . 11,. serves to convert the

integral electron image into the composite image formed’
. by the:multiplicity -of independent_ electron- streéams- which-

are trapsmitted to lamina 12 via thé isolated non-conduc-
tive-particles. The transparent characteristic of the pag-
_ticles. affords’ a: regenerative feedback. path from- lamina

1Z. to, lamina. 11 to thereby re-energize exposed areas. of’

the:light, sensitive surface 11

Referring to Figure:2, the lamina: of electron- sensitive:

matenal A2, which: servés to.convert electron: bombard-

‘ment mfco correspondlng energy patterns capable. of re-~-

Obviously, by increasing the ‘number of’

.For example it-may- be desired to utilize aper--
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is arranged to receive the various electron streams formmg
the composite electron image. In terms of light, lamina
12 may be produced from.the generally used phosphors
of zinc, cadmium, or calcium which are commonly termed .
fluorescent materials.. As in cathode ray tube apphca—
tions, fluorescent layer 12 is continucus and may be in
the form of a thin film or coating which can be produced
by the settling out of the phosphor material from a water
suspension by methods familiar to those -skilled in the
art. FElectron sensitive lamina 12 is arranged: adjacent’
the transparent face 16 but may be formed. directly upon
face 16 by the settling process or by using. a volatile
liquid such as acetone with a small amount of binder and
spraying the electron sensitive material ‘on surface 16.
Electron sensitive layer 12 is preferably coextensive with
the apertured area of screen 13 and, thus, with a light pat-
tern directed upon surface 11 an electron image is pro-
duced thereby which screen 13 subdivides into a miulti-
plicity of independent electron streams corresponding to
the image produced on surface 11 and directs each stream
to a particular area on-the fluorescent surface 12. Light
is generated at surface 12 in response.to .the electron
bombardment. ' Inasmuch as openings 16 allow the trans- -
mission of light therethrough, as well as‘electron streams,
the light produced by a particular: electron stream com-
prising the composite image is channeled back to surface
11 through the same opening through.which the ener-
gizing electron stream travelled. - In this manner regener-
ative feedback is provided to-re-excite the portion of-the

continuous surface 11-which originally produced the elec-

tron stream in response to an element of -the incident light.
image. Since the electron sensitive lamina 12 is arranged-

ad]acent the transparent end portion 16 of envelope 10, the-
“light image produced upon surface 12 .will be visible: to-r

an observer looking through face, 16. :

" Means are provided for-establishing an electric -field"
between laminae 11 and 12 whereby the elements forming:
the composite electron image are accelerated . toward-
fluorescent lamina 12. - As shown in-Figure-2, the afore-
mentioned means ‘include a source of voltage, such as
battery: 21, across which is connected an adjustable volt--
age divider 22. The negative terminal of source 2% is
connected through lead 23 to the light sensitive surface
11, and a:positive potential is-applied to fluorescent sur-
face 12: by a conductive layer 24. As-shown, the con-

ductive  layer 25 is connected to the voltage divider 22
by.a lead 25. It will become apparent that means other: -

- than conductive layer 25 may be utilized to establish the*

50

- as. illustrated in Figure 2, conductive layer 24 ‘is-ar-

field between laminae: 11 and 12. For example; where
electron-sensitive lamina 12'is a- good: conductive surface;

then the positive potential may be applied directly thereto -

by connecting lead 25 directly to-lamina 12, However,

" ranged -adjacent toc and coextensive with:the light sensi--

.. b5
- Although screen. 13 has: been descnbed in- terrns of a_

60

65

tive layer 12. Layer 24 is preferably a very thin-trans- -

parent coating or film of material such as-silver, cadmium,
or aluminum, and the various electron -streams ‘which:

make- Up: the- composite electron image- have- sufficient =

energy to penetrate. layer 24 and impinge upon- the -elec-
tron sensitive lJamina 12. Since layer 24 is tramsparent;
the:light generated: by.-lamina- 12 also.penetrates layer
24, passes through areas 16 in screen 13;.and re-energizes-
the -associated surface elements of lamina-11.- It, there-

fore, becomes. apparent: that the presence- of ‘conductive -
layer 24.does . not adversely affect -the operation of the:

device. However, where layer 24.is utilized; its position
with, respect.to lamina 12 is immaterial and. they may be

- transposed- without materlally atfectmg the operatlon ‘of-

70

_ actuating lamina 11; is positioned within envelope-10-and- 75

the.device.

:In-operation, a light pattern is: dlrected mrough trans—ﬂ

parent face 15 and onto the light sensmve layer 11- there~

-by- causing -each mcremental area illuminated by, the’_'
 Light ‘pattern to produce an integral electron i image which.
has -a-pattern-and ‘density that corresponds in detail to_

the pattern and- denstty of the mc1dent light-image. " The
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electric field established across laminae 11 and 12 serves
to direct the integral electron image ‘as a.unit toward the
electron sensitive lamina 12. However, screen 13, as
illustrated in Figure 2, is interposed between the layers
and ‘masks portions thereof. Hence, the integral -elec-
tron image is dissected into a plurality 'of independent
image elements by the configuration of screen 13 to form
the composite electron image. PEach of the plurality of
discrete electron beams forming the composite image has
a magnitude proportional to the intensity of the light
falling upon the corresponding area of Jayer 11 under-
lying an opening 16 in screen 13. - Each of the electron
streams flowing from layer 11 is confined within an open-
ing 16 of screen 13 and forms an element of the integral
image generated at lamina 11 in response to the incident
light image.

_‘The electric field applied to the electron beams travel-
ling through areas 16 in screen 13 imparts sufficient
energy to the beams to.cause them to penetrate con-
ductive layer 25 and impinge upon. electron sensitive
lamina 12. In response to bombardment by the various
electron streams, areas of lamina 12 in the path .of the
streams are caused .to gemerate light—the -intensity and
pattern of which is proportional to the intensity and
pattern of the respective electron beams.  The areas of
light and shadow thus produced on lamina 12 form a
light image which is generally similar to the incident
light pattern directed through transparent face 15 onto
lamina 11. "The light image produced on lamina 12 is
visible through transparent face 16 of envelope 10.

Regenerative action is established which serves to sus-
tain the secondary light image developed on lamina 12.
This regeneration is realized by the feedback of light from
lamina 12 through the transparent conductive layer 24
and the openings 16 of the collimating screen 13 and onto
the light sensitive layer 11. It, therefore, becomes ap-
parent that a plurality-of regenerative feedback paths are
provided -and the light from each element of the secondary
light image is confined within the same opening-of screen
13 as that in which theé. corresponding electron beam
which produced the light was confined. The electric
field impressed across laminae 11 and 12 may be utilized
to control, in effect, the 'degree of regeneration. By
varying the potential applied to conductive layer 24,
control may be indirectly exerted over the amount of
light feedback to lamina 11 and this consequently pro-
vides regulation of the intensity of the light image dis-
played on surface 12 and viewable by an observer through
meinber 12.

In Figure 3 is illustrated a display device including
light sensitive layer 11, electron sensitive layer 12, and
screen 13 all of which are structurally and operationally
similar to those described hereinbefore. - Elements 11,
12 and 13 are enclosed within an envelope 1§a which
comprises transparent faces 31 and 32 and an annular
member 33 to which faces 31 and 32 may be suitably
sealed. The faces 31 and 32 are preferably constructed
of a transparent material such as glass or plastic although
other materials that are optically transparent may be
used. "Assuming that faces 31 and 32 are glass and an
electrically non-conductive material, faces 31 and 32 are
made electrically conductive. The electrically conductive
coating applied to the glass surface is also substantially
transparent opticaily. A preferred method of providing
the transparent conductive coating is known as iridizing
and is fully described in U, S. Patent 2,522,531 entitled,
Method of Producing Electrically Conductive Coatings
on Glass and Mica Sheets. The unitary structure of
transparent faces 31 and 32 comprising the glass surface
and a transparent conductive layer of iridized tin is com-
mercially available and is generally known as “electrically
conductive glass.”  Alternatively, transparent conductive
faces 31 and 32 may include a glass: surface and a con-
ductive. layer applied thereto by a vacuum-gvaporation
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process, such as a layer of evaporated aluminuim, or by
a sputtering process, such as a layer of sputtered gold.
As shown, an electric field is established between faces
31 and 32 by direct interconnection of source 21 through
voltage divider 22 and leads 23 and 25 to surfaces 31 and
32. Operation of the device illustrated in Figure 3 is
similar to ‘that described hereinbefore. A pattern of
light and shadow is directed through the transparent face
31 and onto the light sensitive member 11 whereby -an
integral electron image is generated which is propor-
tional to the light and shadow of the incident light pat-
tern. The voltage applied to the conductive faces 31
and 32 from the source 2i establishes the electric field
across the continuous laminae 11 and 12 and serves to
direct the integral electronic image toward lamina 12.
Screen 13 is interposed between the laminae and over-
lays portions of each, hence; the integral electron image
produced on layer 11 is broken up into a multiplicity of
independent ‘image - elements in accordance with the
opening 16 of screen 13. Each of the image elements
thereby produced has a magnitude proportional to the in-
tensity of the light falling upon the corresponding area
of layer 11 underlying the particular opening "in the
screen:. ' As stated hereinbefore, the electric field estab-
lished between ldaminae 11 and 12 serves to accelerate
the various elements forming the composite image toward
the electron sensitive layer 12, and screen 13 with the
electron pervious areas 16 therein serves mot only ‘to
transform the integral electron image into the elements
forming the composite image but also aids in preventing
spreading and scattering of the electron image elements
in-traveling from-lamina 11 to lamina 12.  In response
to bombardment by the various electron streams, - areas
of the continuous surface 12 in the path:of the streams
are caused to generate light. -The light pattern generated
by lamina 12 in response to the independent electron
streams forming the composite image and changeled to
the electron sensitive lamina 12 via the openings of screen
13 serves to reenergize corresponding portions of surface

<11,  Energy feedback to lamina 11 is focused by the

openings 16 o the particular element of layer 11 from
which the energizing electron stream originally emanated.
This area restricted feedback is regenerative and serves
to produce a sustained composite light image on layer 12
which may be viewed through the transparent end face 32.

As illustrated in Figure 5, a continuous light sensitive
lamina 21, .screen 34, and lamina of electron sensitive
material 35 are positioned within the envelope 104, which
includes transparent conductive faces 31 and 32 and the
cylindrical membar 33 suitably connected between the
faces 31 and 32 to provide an enclosed container. A
voltage is impressed across laminae 11 and 35 by the
connection of leads 23 and 25 to the conductive por-
tion ‘of transparent faces 31 and 32. Thus, with a light
pattern_directed through end face 31 and onto the con-
tinucus light sensitive layer 11, an integral electron image
is produced by layer 11 which has a pattern correspond-
ing in detail to the incident light pattern, = Screen 34 is
generally similar to screen 13 described hereinbefore and
illustrated in Figure 4 and is preferably a planar member
of non-transparent material which has a plurality of small
openings therein, such as the openings 16. ‘The lamina
of electren sensitive material 35, which serves to trans-
form electron images into light, may comprise one of the
fluorescent materials. mentioned bereinbefore, however,
in this display device the fluorescent lamina 35 is arranged
within the opeénings of screen 34, Thus, it becomes ap-
parent that within screen 34, lamina 35 is a discontinuous
layer and is more in the form of isolated islands of elec-
tron sensitive material surrounded by the opaque areas
of screen 34 and together the screen and fluorescent mate-
rial constitute a continucus layer. The electron sensitive
material may be established within the openings of screen
34 by the well known process of settling out of the phos-
phor ‘material from a water suspension. Screen 34 is ar-
ranged adjacent the continuous light sensitive surface 11,
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and, theopaque portions of ‘the ™ ‘screen serve to mask-out:

portiens -of -lamina: 1¥ .and prevent - scattering:-of: light
and uncontrolledalxght féedback from the individiial’areas
of #iiface 11 Hence with a llght pattern~ directed: onto
lamm—a 11 an: 1ntegral ‘eléctron: image is-generated which:
energizes:the -elements of lamina 35 to produce- a com-

posite-light image comprising ‘a plurality- of light ele--

ments produced: by-the:energized- elements- of lamina-35:.

The ‘composite--image ‘produced- by: layer 35¢ comprlsmg;

the: multiplicity- of elements: serves. to-re-energize corre-
sponding- portlons of-the light sensitive surface 11, Light
feedback: is area-limited' to-portions of the light sensitive

surface 11 which:are’beneath the islands of electron sensi-

_ tive:material-within-the-openings- of ‘screen- 34 ‘and light
generated byione element: of lamiha- '35:js. cliannelled by
the surroundmg ‘opaque portions ‘of-screen: 34 to a par-
ticulas mcremental‘ aréa ‘of surface 11, It becomes ap-
parent: that the: féedback - fiom. elements. of fluorescent
layer 35 tocassociated areas-of layer I is: regenerative.
This-area controlled regenerative feédback serves to pro-
duce% sustained: composite light'image on-layer 35, and
being arranged adjacent the. transparent. end’ portlon 32
of envelope 104, the light image. produced thereon will

. be visible to an observer. -Although envelope 10q is illus-
trated ‘in- the drawings and”described" in détail in con-
junction :with: the description and- operation of lamina 11,
screen: 34, ‘and: electron  sensitive lamina. 35, shown -in
Figure 5, it is understood that envelope: 10 and suitable

means for lmpressmg the voltage across the laminae as-

shown-and descrrbed in connection with Figure 2 may be
effectively utilized.

“Referring now. to Figure 6 a cathode ray type image
storage ‘device-is:illustrated which includes an evacuated
: *envelope 40: enclosing a storage screen 41 to be described
in 'detail hereinafter, an- electron gun 42 for generating,

focusmg, and: acceleratmo a- beam of electrons- toward’

10

25-

30

35

- storage- screen 41, and’ a set of deflection plates 43 for -

causmg ‘the electron beam to-be deflected to various areas
of scréen 41.

The electron gan 42 positioned at an end of envelope
4§ preferably comprises: a cathode 44, a control electrode
45, and an accelerating anode 46. Associated with elec-
tron gun. 42 and positioned along the path of the electron
beamn is- the set of deflection plates 43. For purposes of
simplification. a-single -pair of deflection plates is illus-
trated: which will serve to- deflect the electron beam in
& smgle plane upon-areas of storage screen 41, however,
it. will' be apparent that an additional pair of deflection
plates may be 1ncorporated to, provide deflections of the

electron beam in a plane normal to that afforded by the ;

plates- illustrated. * Thus, in response to signals applied
to ‘both ‘pairs ‘of deflection plates 43, the electron beam
may- be directed to any desired area :on storage screen
41:. An anodé 47 is positioned between deflection plates
43 and- storage-screen 41 and serves both to accelerate
the electron beam and to collect photoelectrons generated

by elements of the storage screen 41 under conditions to.

be described: in-detail hereinafter. The partrcular con-
figuration of anode 47 forms no- part-of the present inven-
tion and’ may ‘be-conveniently embodied as a conductive
wall coating: on the inside of tube envelope 49.

‘Storage: screen 41 is positioned within thé evacuated
envelope  4¢ and in the ‘path of the electron beam gen-
erated by electron gun-42. In. the embodiment illustrated
in Figure 6, screen 4% includes & layer of light sensitive
material 11, a layer of electron sensitive material 12, and
a screen 13 interposed between said laminae.
has ‘openings 16 therein which provide independent pas-
sageways for-both electron streams. emitted from surface
11 and- light radiation produced from electron. sensitive
material 12 Storage screcn 41 may also include.a pa‘r
of transparent, conductive layers 48 and 49. which are
positioned -adjacent. the layers.11 and 12, respectively,

-.and .serve. to.. apply- Vacceleratlr_xg -voltages thereacross.
Storage screen-41 may also;comprise: a:Jamina: of electron.

Screen 13

40

60

sensitive- material 50 atranged to~ drrectly reesive” elec-"’

tron images formed by the: incident electron -beam- gen:

erated by-gun 42; and“transform said- electron 1mages intor,

correspondmg llght images.-

- Means: in' the -form--of- a veltage d1v1der, -referred to:
gene1ally by reference: numeral-52; ‘is ‘connected: across-

a:source of-direct current voltage (not shown) and serves,

to“provide- suitable: electric -fields across lamina 11 and:

lamina. 12; as-wéll-as maintaining the-various electrodes,

such--as- anode '47:-and the elements of the. electron gun.
Voltage-

42, at their proper -operating- voltage- levels:
divider -52 includes -dropping: resistors 53 through 59 and-

with'the: source of voltage connected w1th proper Jpolarity* -
" across-the terminals indicated” £ and. —; the voltage ap~: -
- plied'to- donductive layer 49-by lead 61 under normal’ -

operating conditions, will be maintained. at a positive po-

tential with respect to the voltage applied ‘to the-conduc-.
Hence, the voltage applled,

tive layer 48 by lead 62:
across laminae-11- and 12 is the voltage drop appearing

- across -resistor 54. Through connection’ by lead 63:to. -
the  junction of dropping resistors 55.and 56, suitable. -
operating voltage 1s afforded anode 47, and under normal’

operating-conditions anode 47 is: maintained' at.a voltage
level lower than either the voltage-applied to- lamina 11
or lamina 12. The elements of electron gun 52 are main-
tained-at sultable operatmg potentials by. being connected;
as shown, across dropping, re51stors 58 and 59 of network
52:

A lead 64 is’ connected to. control gnd 45 of electron
gun 42 and’ provides means for applying an intensity sig-
nal thereto, which serves to trigger. the electron  beam
generated by cathode 44 off and -on.. Leads 65 and 66

are_ connected ‘to_the deflection plates. 43" and provide .
means. for applymg signals thereto whereby the electron -

beam ‘generated by -gun 42°is- selectively- directed over.
drﬁerent areas of storage screen 41.

“In operation, with a suitable. energ1z1ng signal applied.

ver lead 64 to control electrode 45, an electron. beam

is generated by catliode 44 and directed along the axis.'

of envelope 40" toward the storage screen.41. Tn travel-
ling toward screen 41, the- electron beam is directed be-
tween deflection plates 43. By the application of signals
to. deflection plates 43 via leads 65 and 66, the electron
beam may be selectively directed to. different areas .on

"screen_41, and by well known circuits the beam may be -

caused ‘to be scanned, if desired, across the storage screen
41in any desxred raster.

Pirected’ toward storage screen 41, the electron beam
strikes the electron sensitive layer 50 with sufficient energy

- to caiise it to generate a light image in accordance with:

the. image. produced thereon by the electron. beam. As
stated in the description relating to the storage device
illustrated in Figure 2, lamina-50 may be produced from.
any. of several fluorescent materials, such as phosphors of

*ZINg, cadmmm, or cal¢ium. Where utilized in association

with-a‘relatively low energy electron beam, layer 50 serves
to adapt the essential storage elements of the storage
screen- 41 to cathode ray tube apphcatmns, and it will

become ‘apparent to those skilled" in ‘the art that-lamina’
:50.is not: essential in cathode ray storage-tubes wherein
“In. these-:

high energy .cathodé ray. beams: are utilized:
latter -dpplications, the high energy. electron: beam pos-
sesses: sufficient.energy-to-penetrate layer 48 and layer 11,

traverse. the openings ‘16 in- screen 3, and strike the -
. electron.-sensitive. layer. 12, whereupon -a light: image - is

génerated in-accordance with the incident electron image
formed by the beam. However; for purposes:of clarifi-
cation, fliorescent lamina: 50 is. incorporated in the em-
bodiment “illustrated .in Figure 6 and the light images

. formed thereon iin response to bombardment by the elec-
tron beam. pass through the transparent conductive: layer

48 and strike light sensitive layer11.

- Conductive- layer48-is similar to conductive layer 24, :
described in connection with Figure 2, and i¢ preferably'
75, axvery: thifi; transparent coating- of*matenal sueh as alu--
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minum. As - illustrated in Figure 6, the. transparent .

metalic layer 48 is preferably arranged adjacent ‘to and
coextensive with light sensitive layer 11, and being con-
nected through lead 62 to the voltage divider; network
52 serves to provide a substantially constant voltage
over the eritire area of surface 11.

Light sensitive surface 11, which serves to transform
the light patterns produced by lamina 50 into correspond-
ing electron images, may be-.a very thin layer, or film,
produced from the “alkali-metals” which emit electrons
in the presence of light. Lamina 11 is preferably a con-

tinuous layer and generates an integral. electron image.

corresponding in detail to an electron image directed upon
layer 56 by the cathode ray beam. ' Screen 13 is positioned
adjacent the light sensitive layer 11 and serves primarily
to subdivide the integral electron image produced on
surface 11 into a plurality of independent elements which
together form'a composite image in accordance with the
integral electron image. Screen 13 is structurally and
functionally similar to the screen 13 shown in detail in
Figure 4. . As described, screen 13 is preferably a planar
member, or lamina, of opaque material which is arranged
to overlay and mask portions of the continuous light sen-
sitive surface 11. Screen 13, with openings 16 therein,
not only dissects the integral electron image formed on
surface 11 into the independent elements of the composite
image, but also serves to restrict the direction of travel

of the resulting electron streams and consequently . pro-

vides ‘separate channels for each of the composite image
elements directed toward the electron responsive. lamina
12.

Under normal operating conditions, the electric fields
applied between laminae 11 and 12 produce forces on the
resulting electron streams which accelerate the bundle of
streams through the channels formed by openings 16 to-
ward electron responsive lamina 12. Lamina 12, which
serves to convert electron bombardment into correspond-
ing light patterns, is a thin film or coating: functionally
similar to-layer 0 and may be similarly produced from
any of the fluorescent materials mentioned hereinbefore.
Hence, in response ‘to  bombardment by - the electron
streams, light elements are generated by lamina 12 which
correspond to the electron elements forming the com-
posite electron image, and the aggregate of the light ele-
ments produce an image corresponding to the composite
electron image formed on the surface of lamina 11 adja-
cent screen 13. TIt, therefore, becomes apparent that
cach element of the light image produced on lamina 12
is energized by an electron stream derived from an area
of surface 11 which lies beneath the opening in screen 13
associated with the particular incremental area of lamina
12 which produced the light element. ‘

The light image formed upon lamina 12 by the individ-
ual light elements may be made visible through the trans-
parent conductive layer 49 and a transparent end face
67 of envelope 48. As described hereinbefore, the image

displayed on lamina 12 is sustained thereon through re- -

generative feedback of light to fluorescent lamina 11, A
plurality of independent regenerative feedback paths be-
tween laminae 12 and 11 are provided by the openings in
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screen 13, which is interposed between the laminae. Light |

from each element of the image appearing on lamina 12

is channelled back to lamina 11 through. the same open-
ing in screen 13 in which the particular energizing elec-
ron stream travelled in producing the particular light ele-
ment. - Thus, elements forming the light pattern generated
by lamina 12 in response to the electron streams forming
the composite. electron image; serve to re-energize. the
areas of surface 11 that originally produced the light
element and in this manner the image described on lamina
59 by the electron beam produced by electron gun 42
is stored as a corresponding image visible through the
end face §7 of the cathode ray tube.

The cathode ray display and storage device also in-
cludes circuit means 71 for selectively removing different

I ——
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retained images from storage screen 41.. Circuit means vi1
is associated with the elements of the voltage divider 52,
which serves to establish predetérmined electric fields be-
tween the light sensitive lamina 11, electron sensitive
lamina 12, and ‘anode 47 for retaining the images pro-
duced by the cathode ray beam, and in addition to es-
sential components described in connection with voltage
divider network 52 includes an electron tube 72 hav-
ing an anode 73, a cathode 74, and a control electrode 75.
Anode 73 may be connected directly to’ terminal 4 of
voltage divider 52 and the anode circuit is completed by
connecting cathode 74 through a resistor 76 to the junc-
tion between dropping resistors 55 and 56 of divider 52.
A grid return resistor 77 is provided, which is connected
between an input terminal 78 and the junction of con-
trol grid 75 and a second input terminal 79. Thus, it may
be seen that electron tube 72, with its associated .com-
ponents is actually in parallel with dropping resistor 55
and functions to selectively control the voltage applied
to anode 47 over a voltage range sufficient to permit stor-
age and image display or selective erasure of previously
stored images in response to external signals.

Under operating conditions for writing, displaying, and
storing an image, electron tube 72 is non-conductive and
voltages are established by voltage divider 52 and applied
to elements of the cathode ray tube which maintain an-
ode 47 at a ‘voltage level lower than either the voltage
applied to lamina 11 or lamina 12. For descriptive pur-
poses, it may be assumed that to establish the aforemen-
tioned normal operating conditions, the values of the var-
ious dropping resistors are so chosen that a potential of
10,000 volts appears at terminal -+, a potential of 9,000
volts'is established at the junction of resistors 53 and 54,
and a potential of 8,000 volts is established at the junction
of resistors 55 arid 56. . When it is desired to erase a pre-
viously stored image or a portion thereof a signal voltage
is applied to control electrode 45 over lead 64 which serves
to turn the electron beam on. By the application of suit-
able deflection signals applied to the deflection plates 43
over the leads 65 and 66, the electron beam is then di-
rected to the area of the storage screen 41 to be erased.
To actually initiate erasure of the image, an external se-
lective erase signal is applied to electron tube 72 through
input terminals 78 and 79. Electron tube 72 is thereby
driven to become conductive whereupon dropping resistor
55 is essentially short circuited. Thus, the junction be-
tween resistors 55 and 56 is raised to a voltage level ap-
proximating the assumed 10,000 volts applied to terminal
+ of voltage divider network 52. Under these conditions
and with accelerating anode 47 interconnected by lead
63 to the junction of resistors 55 and 56, the voltage ap-
plied to anode 47 is raised to approximately 10,000 volts
and to a voltage level substantially higher than either the
voltage applied to lamina 11 or lamina 12. Hence, elec-
tron emission from lamina 11 is now directed toward an-
ode 47 ‘as a result of the potential gradient appearing
therebetween and electron emission is materially reduced
in a direction toward lamina 2. This action reduces the
electron flow from lamina 11 to lamina 12 below the criti-
cal point necessary to energize flucrsscent lamina 32 and
thereby removes this portion of the image. Anode 47
will remain at a positive voltage level with respect to both
laminae 12 and 12 during the period the external selective
erase signal is applied to. the input terminals 78 and 79
of tube 72, and upon removal of this signal, anode 47 is
restored to its normal voltage level and the device is re-
turned to its normal operating conditions for writing, stor-
ing, and displaying an image.

Where a high energy electron beam is produced by the
cathode ray tube, the fluorescent layer 50 may- be elim-
inated and the device will function in generally the same
manner. The ability of an electron beam to penetrate
thin conductive layers, such as conductive layers 48 and
49, is well known and the incident electron beam gen-
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erated by- electron gun 42 and -directed" upon the storage .

sereen: penetrates light: sensitive layer .11 as well’ds con-
- -ductive Iayer 48, passes through the openings 16" of screen
13; and impinges upon electron sensitive laming 12, Light
produced ‘by lamina 12-is directed back to lamina 11 and
is localized by ‘the openings in screen 13°to-tlioss areas

of ‘lamina- 11 underlying the illuminated openings ‘of the."
screen,” Hlumination of lamina 11 causes photoelectrons .
- . to'be generated-in- proportion to the  impinging light,.and.

these photoelectrons are directed through the same open-
‘ing in screen 13 to retactivate lamina 12..
the-electron image described by the incident electron beam.
is converted into .a sustained image visible to an observer.
through transparent, conductrve layer 49 and the trans-
parent end. face 67

It will be -apparent” that the materials comprrsrng elther
or both-the laminae 11 and 12.may be selected to provide
suitable-electrical conductive characteristics and physically
formed-to allow the accelerating voltages developed. by

voltage divider-52to be directly applied thereto over the
: leads-61- and '62. . Hence, conductive layers-48 and 49 -
- illustrated in Flgure 6 also may be effectively eliminated. -

A modrﬁcatron of the storage screen shown.in Figure
6-is illustrated in Figure 7 and includes a. continuous-light
sensitive lamina 11, a screen 81 having a plurality of open-
ings therein, and a lamina of electron sensitive material
82-which is arranged within the openings:of screen 81. An
electric field-is imipressed across lamina 11 and the ele-
ments-comprising lamina 82 by the leads 61 and 62  which.

_are- interconnected. between the voltage divider 52 de-

scribed in’ connection with  Figure 6, and to conductive .

2nd.-face 83 ‘and directly to the continuous light sensitive
lamina’ 11, respectively. Lead 63 serves.to interconnect
the  accelerating anode 47 with the junction-of dropping

- Tesistors 55 and 56 and thereby supplies both the normal °

storage ‘potentials and selective erase potentrals thereto.
Transparent conductive end face 83 is provided which

may be’ fabricated from- “electrically conductive. glass™’
produced by methods referred to hereinbefore and is. su1t- .

ably sealed to envelope 4.

Screen 81 is generally physically and functronally simi- .

larto screen 13 described hereinbefore and illustrated.in
Figure 4-and is preferably a planar member of non-trans-

parent material ‘which has a plurality of small openings

therein in the. order of a: few thousandths of an. inch, such
as openings 16. Fluorescent phosphor material 82; which
serves to transform electron images into light, is arranged
within. the openings by, for example, a settling process.
Thus; together the screen 81 and the fluorescent material
82 form a suiface of isolated elements of electron sensi-

In this manner

. produced by the fluorescent material arranged in the‘
" openings- of ‘screen- 81 serves to energize . ad]acent por-
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written by the beanr thereupon is transformed 1nto a plu— .
rality of .indeépendent light elements, the sum of which .

correspond” to" the incident eléctron image:. . The hght

tions of.the continuons light sensitivé lamina 11. The re-
sulting. electron unage thereby produced on lamina 11

serves to re-energize-the corresponding adjacent elements.

of fluorescent material 82" interposed’ in the non-trans-
parent 'screen 81. "This regeneratrve action produces. the

desired. tetention of the image. written by the eleciron -
beam generated, by the cathode ray tube which may be

readily viewed through the transparent. end face 83.
Tt -will be “apparent. that selective erasure. of the entire

"nnage, or any portion thereof, may be.accomplishedin.
the manner, described ‘hereinbefore. in: connection with.

Figure 6.. By the application -of “a ‘selective erase: mgnal

to input terminals 78 and 79 of electron tube 72 associ-.
-ated with voltage divider 52, anode 47.is switched to a -
“yoltage level which is higher than either that applied to-- .
lamina 11 or. conductive face 83 whereupon: the :image -

underlying the area of.the screen to. which the 1nc1dent

“electron beam is directed is removed. :
While certain. preferred - embodiments . of the mventlon .

have been specrﬁcally disclosed, it is understood that the
invention is not limited thereto as many variations will
be readily apparent to those skilled in the art,-and the
invention .is.to.be given its broadest possible interpreta-
tion ® within the. terms of the following clalms.

What I claim is:

1. In an image storage device mcludmg a lammar elec-

tron. sensitive material arranged to receive electron i mage
emission .and transform said image emission into corre- -

sponding light radiation patterns, a laminar light radiation

sensitive material adapted to cause-transformation: of light -

radiation patterns into corresponding electron image emis-

sion, said image emission being directed toward said elec-
tron. sensitive material; at.least:one of said laminae being -
“acontinuous surface, the improvement comprising a screen
havrng at least one light -transparent- electron perv1ous,

portion and.at léast one non-conductive light impervious -

. portion, said.screen being mterposed adjacent said-laminae

.. electron.pervious portion being adapted to pass electron:
“emission therethrough and-said impervious portion being. -
adapted to isclate light radiation from said electron sensi=.
tive- material, 'said screen being adapted to provide im-
proved .regeneration over limited areas of said laminae..

- tive material completely surrounded by the opaque areas:’ -

of the screen.” -Screen.81 with the areas of flugrescent ma-
terial therem is vnterposed between. the. electrically con-

ductive: glass surface 83 and:the continuous light; sensitive -

surface 11. The opaquée portions of screen 81 serve to

mask out portions of lamina 11 and prevent 'difﬁi‘sion and.

scattering of licht from the individual areas of ‘fliiorescent ™.

material.

Under operating Icondmons for wrrtmg and storing an
image, ‘voltage conditions. developed "by voltage divider
52 and applied over the leads. 61, 62 and 63 establish
theconductive surface 83 at.a voltage applied to accelerat-

‘ing anode 47 at a voltage level lower than that applied-
", 'to lamina 11:  The electron beam produced by the elec-

troh gun of the cathode ray. tube and directed toward the

storage: screen has sufficient ‘energy to penetrate photo-,
cathode 11 and impinge directly upon the surface formed-

60°
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by the screen 81 and the isolated areas of fluorescent

The areas- of
fluerescent material 82. which are bombarded by the elec-
~tron-beam: generate light -patterns in accordance ‘with*the’
pattern: described by the-incident electron-beam. ‘How-

. ever, with-the. con‘iguratron of the-opague: screen 81 and”

ﬂu%)rescent~ -areas:- 82" as- described,- the eléctron image"

5

and arranged to overlay said continuous surface, said

2. In an image- storage device including a lamina of

”electron sensitive - material arranged to receive electron

image emission and transform-said image emission.into

corresponding light radiation: patterns, a-lamina of light .

radiation. sensitive ‘material adapted to cause transforma-

-tion -of light radiaticn patterns into - corresponding elec-
tron.image. emission;. said image emission being. directed.

toward ‘said: electron- sensitive . material, at-least one of

said -laminae being- a-continuous- surface, . the improve-
ment comprising a-screen-having a plurahty of light trans- -

parent electron pervious portions and a plurality of non-
r_:onductrive light impervious portions, said screen being
interposed adjacent said laminae and arranged to overlay

said continuous surface, said electron pervious- portions .
.belng 'adapted 1o pass electron emission therethrough and: °
said - impervious portions being adapted to isolate light’
radiation from said electron sensitive material, said screen -
being. adapted -to: provide 1mproved regeneratron over -

hmlted areas of said laminae.

- 37 An_ evacuated image. storage device comprising: mf
combmatwn ‘a’ laminar ele'ctron sensifive material adapted:
‘to receive .electron - image- emission -and transform said

image emission into correspondlng light - radiation pat-

terns, a laminar photo ‘emissive material capable of re- -

ce1v1ng said light radiation patterns and transformmg said

. -patterns into corresponding electron image emission, said

image emission being- dlrected toward sard electron sensi-
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tive material, at least one of said laminae being a con-
tinuous surface, and a screen having a light transparent
electron pervious portion and a non-conductive light im-
pervious portion, said screen being interposed.--adjacent
said laminae and arranged to overlay said continuous sur-
face, said pervious portion being adapted to pass said
image emission, said impervious portion being adapted to
isolate light radiation from said electron sensitive ma-
terial, said screen being adapted to provide improved re-
generation over limited areas of said laminae.

4. An evacuated image storage device comprising in
combination a laminar electron sensitive material adapted
to receive electron image emission and transform said
image emission into corresponding light radiation pat-
terns, a laminar photo emissive material capable of re-
ceiving said light radiation patterns and transforming said
patterns into corresponding electron image emission, said
image emission being directed toward said electron sensi-
tive material, at least one of said laminae being a con-
tinuous surface, and a screen having a light transparent
electron pervious portion and a non-conductive light im-
pervious portion, said screen being interposed adjacent said
laminae and arranged to overlay said continuous surface,
said pervious portion being adapted to selectively accept
and pass said image emission, said impervious portion
being adapted to isolate light radiation from said electron
sensitive material, said screen being adapted to provide
improved regeneration over limited areas of said laminae,
and means for establishing an’ electric field between said
laminae, said means being adapted to cause acceleration
of said image emission toward said electron sensitive ma-
terial.

5. An evacuated image storage device comprising in
combination a laminar electron sensitive material adapted
to receive electron image emission and transform said
image emission into corresponding light radiation pat-
terns, a laminar photo emissive material capable of re-
ceiving said light radiation patterns and transforming said
patterns into corresponding electron image emission, said
image emission being directed toward said electron sensi-
tive material, at least one of said laminae being a contin-
uous surface, and a screen having a light transparent elec-
tron pervious portion and 'a non-conductive light imper-
vious portion, said screen being interposed adjacent said
laminae and arranged to overlay said continuous surface,
said pervious portion being adapted to pass said image
emission, said impervious portion being adapted to isolate
‘light radiation from said electron sensitive material, said
screen being adapted to provide improved regeneration
over limited areas of said laminae, said electron sensitive
material being disposed within at least a portion of said
electron pervious portion, and means for establishing an
electric field between said laminae of materials, said means
being adapted to cause acceleration of said image emis-
sion toward said electron sensitive material.

6. In a cathode ray device including means for produc-
ing and directing a high energy electron beam emission
along said device including an accelerating anode, a stor-
age screen positioned within the device in the path of
said beam emission, said storage screen including a first
laminar electron sensitive material adapted to transform
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said beam emission into corresponding light images, a
laminar light sensitive material arranged to convert said
light images into corresponding electron image emission,
a second laminar electron sensitive material adapted to
transform said image emission in corresponding light
images, said image emission being directed toward said
second electron sensitive material, at least one of said
latter two laminae being a continuous surface, and a
screen having light transparent electron pervious portions
and non-conductive light impervious portions, said screen
being interposed adjacent said latter two laminae and
arranged to overlay said continuous surface, said pervious
portion being adapted to pass said image emission, said im-
pervious portion being adapted to isolate light radiation
from said electron sensitive material, said screen being
adapted to provide improved regeneration over limited
areas of said latter two laminae, means for establishing
predetermined electric fields between said light sensitive
material, said second electron sensitive material and said
accelerating anode to provide retention of said images,
said ‘means including a circuit arranged to change said
retaining fields for selectively removing retained images
from the screen.

7. In a cathode ray device including means for pro-
ducing and directing a high energy electron beam emis-
sion along said device including an accelerating anode,
a storage screen positioned within the device in the path
of said beam emission, said storage screen including a
laminar light sensitive material capable of converting light
images into corresponding electron image emission, a
laminar electron sensitive material adapted to selectively
transform said electron beam emission and said image
emission into corresponding said light images, said image
emission being directed toward said electron sensitive
material, at least one of said laminae being a continuous
surface, and a screen having light transparent electron per-
vious portions and non-conductive light impervious por-
tions, said screen being interposed adjacent said laminae
and arranged to overlay said continuous surface, said
pervious portion being adapted to selectively accept and
pass said image emission, said electron sensitive material
being disposed within at least a portion of said pervious
portion, said impervious portion being adapted to isolate
light radiation from said electron sensitive material, said
screen being adapted to provide improved regeneration
over limited areas of said laminae, means for establish-
ing predetermined electric fields between said light sensi-
tive material, said electron sensitive material and said
accelerating anode to provide retention of said images,
said means including a circuit arranged to change said
retaining fields for selectively removing retained images
from the screen.
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