350=389 SR
AR 347024215

Nov. 7, 1972 S. E. CUMMINS 3,702,215

ELECTRON BEAM CONTROLLED BISTABLE FERROELECTRIC

. LIGHT VALVE
Filed March 8, 1971 4 Sheets~Sheet 1

hg‘i

Fagl
\EX;——o —~ Vecarwope

POLRRIZED o .
/_;?Vﬂ? .5 : } FOCUS-p7008 A 7e

/3; / ' ( sercecy

PEIIARY ELECTRON
BELIr?

\o +Vecoce.

55 3y
= —
59 +
53 D -
S —

INVENTOR.
STEWART £.CUFIAPINSG

ey Lo

RPTORNE LS

»

[



Nov. 7, 1972 S. E. CUMMINS 3,702,215
ELECTRON BEAM CONTROLLED BISTABLE FERROELECTRIC
LIGHT VALVE
Filed March g8, 1971 4 Sheets~Shest 2

SECONDBAIRY ErVISS/0N RRATIO

&G HT
PR 7 ERN
QU7

INVENTOR.
STEWRRT £ CUMMIANS

BY

e oS anrnssiin
AT O £ &S



Nov. 7, 1972

Filed March 8, 1971

S. E. CUMMINS
'ELECTRON BEAM CONTROLLED BISTABLE FERROELECTRIC

LIGHT VALVE

3,702,215

4 Sheets-Shest 3

. 2] LIGHT
e 9'5 “ ' ¢/ oe
—~— L/GHr
our
62 f;:::
x
65 64—
eoriz. mao veer ~ 63
SWeEer
[L-PL g o 2-74
B + -
o=
66
/
BEAM FOcus
RNVO FLooD
— Cow7ROL - T T T |
69 l
z [ T 1
INECRMATION MODULRTtoN -
SrGauRC © ConvTROL |
INPUTS
HIGH VYOLTARGE
POT ENTrRE
Sowmrece
Fig-/
&+
LiGgHT C
VY ——p 7/
79 . ~ CISHT
[-T7¢
INFORMATION
SIGgAAC fo
il da pd
‘[ &/ W R,TE 13 784 | 72
PoSsTron
PosiTion ConarRac
WRITE
1 25 hl—
Focus J
ConTROL £FECO0O MAGNITYD 77 |
. AND POS/rion :L_
oA sE comreoc B
- SIGNAC v 76
sPUT 83 l Z
79 p) | Porenrime |4+
MODUCRT/ION SuPPLY
cConTROL
6"5
-| Porecnrime |t
SupPrLY
INVENTOR.

STEWARRT £ CUMMINS

o vy (L bl

Ko &

¢

RPT7O0RNEYS



Nov. 7, 1972

S. E. CUMMINS 3,702,215
ELECTRON BEAM CONTROLLED BISTABLE FERROELECTRIC

LIGHT VALVE
Filed March g8, 1971

4 Sheets~Sheot 4

Figd

{02

Fig4

LiGHuT
i~
B

IGHT
our
’ CRIZ, ANO YERT:
PoSirsons ” z.# aer
> SweE P
CowzROL
el
+
coccecroRr
ecwn se OEAMm FocYS - voerAGeE
ANGEG FLEOO O socvmce

Bk - CONnTROL
/P8 EORLIATION +

o —— ° ‘ II l ”
SIGAA L -

¢ o gAY rMoOUCRTION

IV EPUTS -~ ConTmROL

o R

£BC
PO T ENT AL
t HIGH KOCTARGE |+ conrrRoc
SowumrRCE

BlACK~ Wt TE

INVENTOR.
STEWRRT £ CUmMIy S

o Sy Q%A%

Akt Ko Foovienn
A7 TORNETS



United States Patent Of

3,702,215
Patented Nov. 7, 1972

CC

1

3,702,215

ELECTRON BEAM CONTROLLED BISTABLE
FERROELECTRIC LIGHT VALVE

Stewart E, Cammins, 11810 Stafford,

New Carlisle, Ohio 45344
Filed Mar. 8, 1971, Ser. No. 122,012
Int. Cl. GO2f 1/26
.8, ClL. 350—150

P

ABSTRACT OF THE DISCLOSURE

Ferroelectric domains in a crystal of ferroelectric bis-
muth titanate (BiyTi30;3) are switched between two
stable states, by a controlled electron beam. One state
provides optical transparency and the other optical opac-
ity, in a polarized light system. The bistables action of
the ferroelectric domains in the crystal provides a multi-
cell memory device with nondestructive optical read-out.

2 Claims

BACKGROUND OF THE INVENTION

The field of the invention is in the art of nondestructive
ferroelectric light valve (gate) memory devices.

Ferroelectric light valves are well known. Prior art is
well set forth in the article “Ferroelectric Ceramic Light
Gates Operated in a Voltage-Controlled Mode,” by J. R.
Maldonado and A. H. Meitzler in “IEEE Transactions
on Devices,” vol. ED-17, No. 2 for February 1970 com-
mencing at page 148, and in Chapter Ten, “Light Valves,

Lasers, and Electroluminescent Devices” of the text &

“Display Systems Engineering,” edited by H. R. Luxen-
berg, and Rudolph L. Kuehn. A ferroelectric light valve
having memory was disclosed in prior Patent No. 3,374,-
473 entitled “Bistable Optically Read Ferroelectric Mem-
ory Device.” The use of electron beams to write infor-
mation into solid state storage devices is also well known.
Patent No. 2,872,612 entitled “Non-Volatile Barium Ti-
tanate Storage Tube” to R. B. De Lano, Jr. et al. and
Patent No. 2,869,111 entitled “Electron Beam Switch
Tube Operation of Ferroelectric Matrix” to D. R. Young
typify the prior art of these devices. One form of laser
beam modulation by electron beam write in on a solid
state device is disclosed by Charles E. Baker in the article
entitled “Laser Display Technology” appearing in the
IEEE “Spectrum” for December 1968 commencing at
page 39. An electron beam controlled light valve (with-
out memory) is disclosed by T. H. Moore and J. Don
Pace, in “IEEE Transactions on Electron Devices” vol.
ED-~17, No. 5 for May 1970 commencing at page 423.

Multigun bistable (memory) electron beam viewing
tubes are well known as set forth diagrammatically in
FIG. IV-5, page 244 of the text “Electronic Image Stor-
age” by B. Kazan and M. Knoll. This same text also
discusses bombardment-induced conductivity (BIC) and
electron-bombardment conductivity (EBC) commencing
at page 33.

For some early work in connection with this invention
reference is made to the article “Electron-Beam Writ-
ing of Ferroelectric Domains in BiyTisO;5 Single Crys-
tals” by Cummins and Hill in “Proceedings of the IEEE”
for June 1970.

SUMMARY OF THE INVENTION

Information storage in a ferroelectric crystal by the
switching of the domains within the crystal by an elec-
tron beam provides a bistable light valve for polarized
light. Information may be read into the device at tele-
vision scanning rates to provide a high resolution display
that may be viewed directly or projected. The informa-
tion may be stored indefinitely, repeatedly read, or erased
either with the same electron beam gun or with a sepa-
rate “focused” or “flood” gun.
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The controlled switching of ferroelectric domains by
means of an electron beam is novel and distinguished
from the prior art electron beam switching devices which
employ a temporary charging of electro-optic crystals by
means of an electron beam. The invention provides a
new device having very high-density random access infor-
mation storage suitable in the fields of memory, electro-
optical display, transducer, and correlation functions.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 is a pictorial view showing an embodiment of
the fundamental apparatus of the invention;

FIG. 2 is a typical plot of the secondary emission ratic
of ‘a crystal of bismuth titanate with respect to the pri-
mary beam energy;

FIG. 3 is a pictorial representation of a complete pro-
jection system using a single gun electron beam con-
trolled bistable ferroelectric light valve for both “write-
in” and “erase”;

FIG. 4 is a representative pictorial view of an embaodi-
ment of the invention in which a separate electron gun
is used for erasing the stored information;

FIG. 5 is a pictorial representation of a ferroelectric
crystal having an ‘EBC layer;

FIG. 6 is a representative block diagram of a single
gun information storage system;

FIG. 7 is a representative block diagram of a two-gun
information storage system having a separate informa-
tion erase gun;

FIG. 8 is a pictorial view showing an embodiment of
the invention having an EBC layer on the surface of the
ferroelectric crystal;

FIG. 9 is a representative block diagram of a display-
memory system having an EBC layer cooperating with
the electron beam for switching the memory status of
the crystal; and

FIG. 10 is a representative plot of the hysteresis char-
acteristics of the ferroelectric material Bi,Ti;O;s.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In the prior Patent No. 3,374,473 it was disclosed that
the spontaneous polarization vector of a monoclinic crys-
tal of ferroelectric bismuth titanate (Bi,Tiz0) can be
switched between two stable directions with an accom-
panying switching of the optical indicarix between two
stable angular positions about the crystallographic b axis
by the momentary application of an electric field normal
to the a-b plane. Nondestructive optical read-cut is
accomplished by placing the crystal between crossed
polarizers with the crystal oriented such that one of its
two stable positions of the indicatrix is oriented for ex-
tinction of the light from the last polacizer.

In this invention instead of switching the crystal spon-
taneous polarization, P, by a voltage applied to electrodes
on the crystal, incremental elements of the crystal are
switched by changing the charge on the crystal elements
with -an electron beam. It has been found that very high
resolution (10 xm.) may be obtained. The switching ac-
tion is bistable, that is, the elements of the crystal retain
the optical characteristic determined by the electron beam
after the beam has been removed. Thus, information may
be written into the crystal and read-out optically either
by direct viewing, or by projection, with polarized light.
Repeated readouts may be made at various time inter-
vals without affecting the information stored. The non-
destructively read light valve, with memory, as herein dis-
closed may be used for information storage, information
display, image conversion, and electro-optical information
processing.

The basic principles and apparatus of the invention are
shown in FIG. 1. The bismuth titanate crystal 13 has
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been previously poled in the conventional manner for uni-
form polarization to provide the usable optical properties
as described in previous Pat. No. 3,374,473, The crystal
11 has a bare top surface and a conventional transparent
back electrode 12. Such electrodes of tin oxide and thin
semitransparent layers of metals (such as aluminum) are

well known. The optically polarized light 13 is passed

through the crystal and then through a polarizer 14, posi-
tioned at 90 degrees from the direction of polarization of
the incoming light 13. Either the crystal 11, or the polariza-
tion of the incoming light is rotated to the proper relative
orientation to give optical contrast as the crystal is switched
to opposite domains. The conventional electron gun 15
provides a focused electron beam that is scanned and mod-
ulated in the conventional manner to provide the write-in
information.

The energy in the electron beam as it is scanned over
increments of the crystal essentially determines the do-
main state existing in the crystal under each respective in-
cremental area. This may best be understood by referring
to the typical hysteresis characteristic plot of Bi,Ti;O;,
shown in FIG. 10 and the curve of FIG, 2 showing the sec-
ondary emission ratio (i.e., the ratio of the electrons emit-
ted from the surface of the crystal over the incident elec-

trons from the gun arriving on the surface of the crystal) 2:

plotted with respect to the kiloelectron volt energy in the
electron beam from the electron gun. FIG. 10 shows that
the spontaneous polarization, P, in an element of the
crystal is determined by the electric field E, resulting from
the charge deposited on that element of the crystal by the
electron beam. Thus, after a sufficient charge in the posi-
tive direction is placed across an element of the crystal,
and the electron beam supplying the charged removed,
the spontaneous polarization of the element resides in a
direction (that may be termed positive) represented at
101. Likewise a negative charge will leave a spontaneous
polarization in the other direction as represented at 102.

The polarity of the charge across incremental elements
of the crystal is determined by the energy in the electron
beam impinging on the crystal. This may best be under-
stood by referring to FIG. 2 which is a representative plot
of the ratio of secondary electrons emitted from the crys-
tal to the primary electrons in the incident beam (from
the electron gun) striking the crystal plotted with respect
to the energy in kiloelectron volts in the beam. This energy
in the incident beam is determined by the potential dif-
ference between the electrode 12 on the back of the crys-
tal 11 and that of the cathode of the electron gun. It is
usually desirable to electrically position the crystal at
ground potential (as shown) and operate the cathode at
a negative potential. It is to be observed that for the
potential region between the dotted lines 21 and 22 (FIG.
2) that the ratio of secondary electrons emitted from the
crystal to the primary electrons striking the crystal is
greater than one, and hence although the surface is
bombarded with negative electrons, even more electrons
are emitted from the surface and the net charge remain-
ing on that part of the crystal is positive, When the energy
of the beam is in the region below line 21 or above line
22 of FIG. 2, the ratio is less than one and the net charge
on the portion of the crystal struck by the beam is nega-
tive. Thus, by changing the magnitude of the cathode po-
tential the surface charge on the crystal may be con-
trolled, and consequently the polarity of the ferroelectric
domains produced in the crystal. The secondarily emitted
electrons from the crystal are attracted to and returned
to the electrical circuit by a collector 16 which may be
either a screen electrode (with, or without, a center hole
for the incident beam) as shown in FIG. 1 or a ring elec-

trode as shown in FIG. 3 and at 41 in FIG. 4. Generally 7

the ring type electrode is preferred.

By changing the energy in the electron beam it gives
both write and erase capability to the same electron beam.
When the wrile situation provides a minimum amount of
light emerging through the last polarizer representing an
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incremental element of the crystal, the erased condition
could provide the maximum amount of emerging light.
The energy level of the focused electron beam may be
controlled to provide “spot” erase, or the electron beam
may be defocused to a “flood” beam to effect a complete
simultaneous erase of all the stored information in the

crystal. Typical values of suitable operating parameters

for Bi,Ti;0;, crystals have been found to be approximate-
Iy a 20 kev. write potential and a 1000 ev erase poten-
tial. A typical potential value for the collector 16 (41 of
FIG. 4 and 55 of FIG. 5) has been found to be a posi-
tive potential of approximately 200 volts (not critical)
with respect to the crystal electrode potential (convention-
ally, ground potential as shown).

The crystal is generally oriented with respect to the
polarized light beam such that write-in (at the higher
beam potential) produces minimum light output through
the polarizer 14 to the observer 17, and the lower elec-
tron beam potential provides the erase or maximum light
out to the observer. The light and dark areas of the read-
out pattern can be easily reversed if desired by simply ro-
tating the polarization directions of the optical polarizers.
This makes possible for example, read out of both optical
positives and negatives of stored images without altering
the stored pattern in the crystal. It is also to be observed
that the writing and erase beam energies may be reversed,
i.e., the high potential beam may be used for the erase and
the lower potential beam used in writing. This allows for
arranging the writing format so that a minimum area of
the crystal is switched.

The polarized light 13 directed on the crystal may be
light from any conventional light that is passed through
a polarizer to establish a direction of polarization to the
light. Quite frequently, in the use of two polarizers, the
first or input polarizer is termed the “polarizer” and the
second or output polarizer, set at 90 degrees to the first, is
termed the “analyzer.” This would be elements 42 and
43, respectively, of FIG. 4. The direction of light through
the system is immaterial, that is, equivalent operation is
obtained with the light entering the electrode side of the
crystal.

The invention is quite suitable for use with a laser light
source, which generally is polarized at the output of the
laser. The angle of the incident primary electron beam 18
(FIG. 1) with the surface of the crystal 11 is not critical,
however normal incidence is preferred. Likewise the angle
between the electron beam 18 and the polarized light 13
are not critical; values between 15 to 20 degrees have
been found to be quite suitable in the operation of the
invention. The bistable crystal is operated in the com-
monly termed extinction mode with the crystal axes as
represented at 19 (the a axis is directed out of the paper).

A typical embodiment of the invention for the projec-
tion of stored images is shown in FIG. 3. The ferroelec-
tric light valve as shown in FIG. 1 is enclosed in the
evacuated envelope 31 with the conventional electron
gun contained at 32, the connection 33 is to the trans-
parent back electrode, and the connection 34 is to the
collector ring. The light from the conventional light source
35 is concentrated and collimated by the conventional
mirror 36 and lens 37. Polarizer 38 and analyzer 39 are
positioned at 90 degrees with respect to their relative
polarization directions, and conventional projection lens
system 40 focuses the image on the screen. In this em-
bodiment a single beam electron gun is used for both
writing in the information on the crystal and removing it
in the manner previously described.

It is well to realize the distinction between electron
beam energy and electron beam intensity. This was men-
tioned briefly, previously. In the electron gun the intensity
of the beam (including the on and off conditions) is de-
termined by the potential applied to the control grid
(usually designated g;) of gun. The energy contained by
the electrons in the beam is determined by the potential
difference through which the electron moves, ie., the
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potential difference between the cathode of the gun (the
source of the electrons) and that of the back electrode on
the crystal (the target). The beam energy determines
whether the charge across the element of the crystal struck
by the beam tends to be charged positive or negative in
accord with FIG. 2, as previously explained. The establish-
ment of the charge, Q. across the incremental elements
of the crystal under the beam is a function of beam cur-
rent {, and time ¢. It is apparent that with high beam cur-
rents faster sweeps may be employed and still switch es-
sentially all the elements of the crvstal. at the expense of
farger amounts of heat dissipation within the crvstal.
(Partial switching produces shades of gray as will be
further explained.) The following specifically enumerated
parameters in connection with a particular embodiment
will aid in understanding and practicing this invention.
Thev are not to be construed as limiting the scope of the
disclosure.

For Bi, Ti,0;, the tvpical value of spontaneous polariza-
tion P, as represented by position 101 on the hysteresis
curve of FIG. 10 is 4X 10-8 ¢./cm.2 (coulombs per square
centimeter). Thus, to switch from points 101 to 102 or
from on to off requires twice this value, or 8x10-8
c./em2. Typical crvstals used in embodiments of the in-
vention are approximately 1 cm. by 1 ecm. or 1 sq. cm. in
area. To acheve anproximately the resolution used in the
television art of 500 lines per frame and a frame time of
14y second requires the following beam current;

Q 8X10-®

7 =t ——==240ua.
beam ¢ ¥é0

for complete switching of the 1 sq. cm. crystal, and a line
width of 2x10~3 cm. or 20 um. with a spot size of ap-
proximately 4% 10—8 sq. cm. The current density J of the

beam then becomes;
240X 10 ‘
J= 410- =60 amperes per sq. cm.

At the present state of the electron gun art it reaquires from
1000 to 5000 volts to achieve this current density. Hence
in the embodiment being described, the minimum amount
of power into the crystal is approximately 14 watt
(240 10-63¢ 103) to effect a complete change of spon-
taneous polarization, i.e.. from light to dark or vice versa.
Actually, for full switching it has been fovnd that beam
currents must be somewhat greater than 240 ua., since the
net deposited charge depends on the secondary emission
ratio. For negative charging low secondary emission ratjos
give best use of the beam. For positive charging high
secondary emission ratios give best use of the beam. Coat~
ings to increase the secondary emission ratio in the posi-
tive charging region can then be used to advantage.

One approach that reduces the required beam current
(simplifies the gun design, and permits lower accelerating
potentials, thus reducing power dissipation in the crystal)
is to make the writing operation take place over a period
of several frames. This may be done by using a separate
flood-erase gun that runs continuously and to erase the
domains in a time equivalent to several frames. Thus, in
each 14 second scan a picture is written. In those areas of
the picture which do not change over several frames, the
maximum build up occurs. In this type of operation when
the beam is turned off the picture would gradually fade
out over several frame times due to the continuous opera-
tion of the erase beam. It is to be emphasized that these
problems of high beam currents only occur when high
writing speeds are used, and for normal information stor-
age thsy are not a problem. The crystal may also be
mounted in or attached to the face plate of the tube to aid
in cooling the crystal.

An embodiment of the invention utilizing two eleciron
beams, one from each of two separate electron guns is
shown in FIG. 4. In some applications it is desirable to
have separate write and erase electron beams. By the
proper and well known control of the sweeps, the energy
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levels, and the focusing or controlled defocusing of the
electron beams, information may be written into one part
of the crystal while it is being removed from another part,
or one gun may be set to flood the crystal and remove all
the stored information independent of the writing cir-
cuitry.

In the embodiments of the invention shown in FIGS. 1
and 3 the electron beam impinges on the bare face of the
crystal. The curve shown in FIG. 2 applies to the electron
beam impinging on a bare crystal. Obviously, well known
thin film coatings as taught at page seven in the text by
Kazan and Knoll, previously referred to, may be used to
alter the secondary electron emission properties. For
example, a thin film of MgO will greatly increase the sec-
ondary emission from the crystal for a given impinging
electron beam energy.

Another embodiment of the invention that has greater
flexibility in the switching of the crystal may be obtained
by depositing a transparent layer of an electron-bombard-
ment conductivity (EBC) material such as cadmiom sul-
fide (CdS) over the surface of the crystal and depositing a
transparent electrode over the CdS layer. This is shown
in FIG. 5. The Bi;TizOy5 crystal 51 has the conventional
transparent back electrode 52 as in the previous embodi-
ments. In addition it has the EBC layer 53 and inner
electrode 54 to form the semiconducting EBC element.
This modification of the invention obviously increases its
complexity, but results in improved domain switching
characteristics. A discussion of EBC and a listing of suit-
able semiconducting materials for the EBC layer is given
in the text “Electronic Image Storage” by Kazan and
Knoll commencing at page 33. The advantage of using an
EBC layer is that relatively low electron beam currents
may be used and beam energies may be the same for both
write and erase. This is true because the charge currents
for the crystal elements are supplied from the external
power supply through the EBC layer and not the electron
beam. The electron beam merely serves as an actuating
switch to trigger the portion of the EBC layer under the
beam, and the polarity of the voltage across the ferro-
eleciric-cEBC combination determines the direction in
which the elements of the crystal under the beam are
switched.

The EBC layer 53 is a highly insulating, low capaci-
tance, layer when not bombarded, hence the voltage,
between the back electrode 52 on the crystal 51 and the
top electrode 54 on the EBC layer 53, divides with a
very large percentage of the total switching voltage across
the EBC layer. Thus, the crystal is not switched in the
non-bombarded region. In the bombarded region (the
region under an impinging electron beam) carriers are
generated in the EBC layer making the EBC layer highly
conducting (in that region). This transfers the voliage
distribution such that the voltage that had been across
the EBC layer now appears across the crystal and the
crystal is switched (in that region). The positive and
negative voltages between the back electrode of the crys-
tal and the front electrode on the EBC layer must ob-
viously be greater than the coercive field of the crystal.
Values of =100 volts have been found to be satisfactory
for BisTiz0yy crystals that are approximately 100 um.
thick.

While a continuous write potential may be placed
on the EBC layer and the grid of the electron gun turned
on and off to write information into the crystal, it is
generally des‘rable to pulse the voltage on the EBC Jayer
in accord with the writing of the electron gun. One
preferred mode of operation is to sweep or scan the
entire electrode on the top of the EBC layer with a
continuous electron beam, and then by pulsing the voit-
age on the EBC layer electrode + and — in accordance
with the information signal and in synchronism with the
sweep, light and dark is effectively written into the crys-
tal to form the information pattern in the crystal. It is
to be noted that switching of the crystal is no dependent
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in this embodiment upon secondary emission from the
crystal. However, it is generally desirable to retain the
collector ring 55 in the structure to collect any sec-
ondary emission that may occur rather than let it return
to the EBC layer and possibly degrade the resolution of
the information written into the crystal.

A representaive schematic drawing of the electron
beam optical structure of a light valve having an EBC
layer is shown in FIG. 8.

FIG. 6 shows a representative block diagram of a
bistable light valve system using a single gun optical
storage tube as diagrammed in FIGS. 1 and 3. Tubz 61
has a conventional electron gun 62 having conventional
defiection elements. The connection 63 is to the back
electrode of the crystal and connection 64 is to th2 col-
lector electrode. The conventional sweep circu’'t 65 scans
the electron beam over the crystal. It is synchronized with
the information signal input in the conventional manner.
The beam focus and flood control 66 focuses the electron
beam or defocuses it to flood the whole surface of the
crystal with electrons. These circuits are well known in
the art. Two forms of modulation are readily available.
The contro! grid of the electron gun may be modulated
in the conventional manner to provide an on-off control
of the beam. In this mode of operation when the beam
is “on” the unit eclements of the crystal siruck by the
beam change domains to prevent light passage, that is,
present a dark appearance when viewed. The information
is thus written into the crysial as dark elements when
viewed through the second polarizer (analyzer). After
the information is writtetn into the crystal by the passing
beam of electrons the information remains in the crystal.
No further information may be written into the crystal
until the previous information is erased. Erasure, in this
mode of operation, is provided by defocusing the elec-
tron beam forming a well known flood beam in which
electrons impinge essentially simultaneously over the com-
plete face of the crystal. At the same time the flood
beam is on, the switch ¢7 is moved to position 68 to

provide the proper potential between the cathode and 4

back surface electrode of the crystal as shown in FIG. 2
so that sccondary emission from the crystal is greater
than the primary emission arriving at the crystal and all
the domains in the crystal are switched to the erased
condition, i.e., maximum light emerges from the sec-
ond polarizer. After complete erasure of the stored in-
formation the crystal is ready for new information to
be written and stored.

The second mode of operation is that in which the
energy level of the beam as well as being controlled in
on-off conditions (and shades of gray on the “on” condi-
tion by beam intensity), is modulated from the energy
level to provide one domain to that providing the other
domain. In this mode complete total erasure between
changes of stored information is not required, however
it is generally desirable to retain the total erase capability.
Thus, in the block diagram of FIG. 6 the modulation
control 6% may be cither grid modulating controlling in-
lensity or a modulator controlling the beam energy or
both. For simplicity a mechanical switch 67 is shown
for symbolically representing the switching of the energy
level of the electron beam. Obviously, for high speed
switching, conventional well known electronic switches
are used.

An embodiment of the invention having separate write
and erase electron guns in combination with typical well
known electronic circuitry is shown in representative
block form in FIG. 7. The evacuated envelope 71 con-
tains structure such as diagrammed in FIG. 4 As in
the previously described embodiments the back electrode
of the crystal connected to lead 72 is shown at ground
potential. Generally this is desirable, however, it is well
understood that the system ground may be at the cathode
potential and the crystal a positive potential above ground.
This connection does have the advantage that the input
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signals which are usually near ground potential may be
fed directly into the control circuits without the control
circuits providing isolation. The techniques of voltage
isolation and level shifts are well known and need not
be further described.

In the embodiment shown in FIG. 7, a separate elec-
tron gun 73, including focusing and deflecting electrodes,
is used for erasing stored information in the crystal. The
erase signal input 74 contains the position and erase area
information. The flood magnitude and position control
75 applies the spot defocusing potential to the focus elec-
trode of the gun and the potentials to the deflecting plates
to control the erase in accord with the input signal. The
separate erase potential supply 76 provides the proper
energy level to the electron beam to accomplish the erase,
as previously described. Thus, the complete crystal may
be erased or only a selected portion of the stored infor-
mation may be removed. Potential 77 applied by con-
nection 78 to the collector ring provides for the collec-
tion of the secondary electrons.

Electron gun 79 writes the information to be stored
in the crystal. The write position control §0 provides the
sweep potentials to the deflecting plates to position the
information on the crystal in accord with the position
input signal 81. The focus control 82 provides the po-
tential to the focus electrode of the gun. This is normally
set to provide the smallest electron beam spot size. The
modulation control 83 generally is used 1o modulate the
control grid of the gun to switch the individual elements
of the crystal from a light output condition to a dark
output condition (or, to shades of gray) for the area in
the output 84 represented by the respective crystal ele-
ments. The potential supply 85 supplies the required po-
tential for the beam energy to enable it to switch the
domains in the crystal. Obviously the modulation control
83 may also switch the beam energy level, as previously
described, as well as controlling the grid intensity modu-
lation. These control circuits are all well known and in
common usage in the cathode ray tube art.

FIG. 9 shows in simplified block form an embodiment
of a system having an EBC layer cooperating with the
electron beam for writing information into the ferroclec-
tric crystal. The information signal received by the system
for storage and nondestructively read-out at will, may
be in the form of a code pattern, operating parameters,
or a picture in electrical form such as similar to the con-
ventional television picture. The signal thus contains
sweep information that controls the beam position. This
beam position signal is synchronized with the signal con-
trolling the intensity of the beam which provides for
shades of gray in the pattern, and the black-white signal
controls the polarity of the voltage across the EBC layer.
The erase signal defocuses the electron beam and in con-
junction with a white signal to the EBC layer to provide

» a complete erase. In the system shown in FIG. 9 shades

of gray may also be obtained by lowering the potential
(less positive or less negative voltages) placed on the
EBC layer.

Shades of gray are readily obtained in all previous em-
bodiments by the partial switching of the crystal elements
under the beam. For any incremental area element con-
sidered a charge per unit area of 8 X106 coulombs per
square centimeter is required for complete switching (e.g.,
saturation black to saturation white). Partial switching,
giving a finely divided domain pattern and intermediate
transmitted light values (shades of gray) can be obtained
by limiting the charge per unit area to less than that re-
quired for full switching. This can also be done by shorten-
ing the time that the beam dwells on a given area in addi-
tion to the previously explained manner of using reduced
beam current. In embodiments having an EBC layer, the
power supply to the EBC crystal combination may be
modulated to provide shades of gray. Such modulation,
in accord with the information in the input signal, may
directly control the voltage of the supply or may elec.
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tronically control the impedance of the supply so that the
EBC crystal drive current is effectively modulated.

What is claimed is:

i. A high resolution electron beam controlled bistable

ferroelectric image storage and display system comprising:

(a) a single crystal of bismuth titanate having a first
and a second parallel surface in the plane of the crys-
tallographic a and b axes;

(b) a transparent electrode positioned on the said sec-
ond parallel surface;

(c) an electron gun providing an electron beam striking
the said first crystal surface in substantially normal
incidence;

(d) means for collecting secondary electron emission
from the said first crystal surface;

(e) means cooperating with the said electron beam,
the said transparent electrode, and the said secondary
electron collecting means for controlling and sweep-
ing over the first surface of the crystal the said elec-
tron beam in response to the said image being stored;

(f) first and second light polarizers having polariza-
tion directions at right angles; and

(g) means for passing light through the first polarizer,
the crystal, and the second polarizer in succession in
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a direction at an angle from 15 to 20 degrees to the
direction of the said electron beam, providing a dis-
play readout of the said stored image.

2. The apparatus as claimed in claim I wherein ih«
energy of the said electron beam is controlled by means
responsive to the said image being stored for placing a
positive or negative charge across incremental elements
of the said crystal providing opposite domains in the crys-
tal, and the said polarizers oriented with respect to the said
crystal to provide optical contrast between the opposite
domains.

References Cited

UNITED STATES PATENTS

3,559,185 1/1971 Burnsetal. - ______ 350150
3,374,473  3/1968 Cummins ___________ 350—150
2,983,824 5/1961 Weeksetal. _________ 350—15¢

DAVID SCHONBERG, Primary Examiner
P. R. MILLER, Assistant Examiner

U.S. CL X.R.
340—173.2; 350—157, 160



