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6 Claims. (CL 315—12)

This invention relates to eleciron tubes of the kind
wherein an image can be stored in the form of an
electrical charge pattern on a screen by a beam of
electrons introduced from the opposite side and more
particularly to the compensation for the displacement
of this charge dus to the varying angle of incidence of
the charging beam upon the screen by the appropriate
reduction of the beam voltage.

In image storage tubes of the type disciosed in United
States Patent Mo. 2,547,638, issued April 3, 1951, to
B. C. Gardner, where the writing beam passes through
the screen from the conductive side and is reflected back
by an appropriately charged electrode to the dielectric
side where it deposits a charge, varying angles of ap-
proach of the electron beam resuit in the charge being
deposited at varying displacements from the point where
the beam passed through the screen, Only with an
angle of attack substantially normal to the plane of the
screen will the reflected beam strike the screen at its
point of entry. If the reading beam is deflected through
he same angle as the writing beam, the information
read at a particular unit area will not be the informa-
tion written when the writing beam was deflected at
the same angle, but will be the information written
when the writing beam was deflected by some lesser
angle. In other words, the information written when
the beam is deflected by a certain angle will not be read
by deflecting the reading beam by the same angle in the
electron mirror type of image storage tube.

This non-registry can be compensated for by increasing
the deflection angle of the reading beam over that of
the writing beam when it was writing the required in-
formation.

It is well known that the deflection cof an electron
beam can be varied by varying the accelerating potential
on the electron beam, other factors remaining the same.
By the present invention this fact is utilized to permit

a greater deflsction of the reading beam than of the &

writing beam by the same deflecting system and voli-
ages. The accelerating poteatial is reduced by an amount
sufficient to permit the reading beam to be deflected
to the area where the desired writing charge actually
arrived rather than to the area whers it penetrated the
screen. The foregoing and other objects and features
of the invention will be appreciated from the detailed
discussion of certain embediments thereof that follows,
reference being had to the accompanying drawings,
wherein:

Fig. 1 is a longitudinal sectional view of a tube of
the prior art suitable for use with the invention;

Fig. 2 illustrates schematically a circnit for the tube
of Fig. 1;

Fig. 3 is a diagram of part of the trajectory of the
clectron in the tube of Fig. 1;

Fig. 4 is a diagram of certain of the electrons of the
tube of Fig. 1, the potentials applied to them, and the
trajiectory of an electron during the writing and the
reading operaticn to illustrate the principle of the in-
vention;

Fig. 5 is a longitudinal sectional view of a second
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tube of the prior art suitable for use with the invention;
and

Fig. 6 illustrates schematically a circuit for the tube
shown in Fig. 5.

In general, tubes of the type in which the present
invention is used employ an appropriate conductive
screen electrede which is coated on one side with a
nonconductive material functioning as a storage eclement,

riting being accomplished by scamning the dielectric
coated side of the screen, and reading being accomplished
by scanmning the uncoated side of the screen. Such a
screen electrode as employed herein may also be termed
a “target.” The charge pattern on the coated side of
the screen determines the current that flows to a col-
lector electrode which is suitably positioned with rela-
tion to the storage screen. The charge pattern controls
the passage to the collector electrode of secondary elec-
trons formed when a high voltage reading beam strikes
the uncoated side of the screen. A charge on the screen
alsc may be used to directly control the passage of a
lfow voltage reading beam through the screen.

Referring to Fig. 1, the reference numeral 18 refers
to the envelope of the tube of glass, or the like, having
in the right-hand end a reading and writing gun 11,
and in the left-hard end an erasing gun 12. The read-
ing and writing gun 31 ig provided with deflection coil
means 13 and a coated anode 14 inside of the envelope
10 in the right-hand portion therecof. The coated anode
14 is provided with a terminal 15 imbzdded in the glass
of the envelope and in electrical contact with the ancde
4. The storage screen 1§ shown more in detail else-
where is mounted in ring 164 which is supported upon
studs 17 and 18 of which stad 17 is electrically connected
to terminal 24 mounted in the glass envelope 18. The
stud 17 has fastened therets an insulating bead 21 while
the other stud 18 has fastened thereto a second insulating
bead 22. A second ring 23 having two mounting studs
24 and 25 is supported in the beads 21 and 22 by the
stads to maintain it in a piane parallel to that of the
screen 8. The second stud 25 makes electrical con-
tact with another terminal 2§ mounted in the envelope
10. A metallic screen 27 is mounted in an opening
of the second ring 23. The dielectric surface of the
storage screen 16 faces toward the metallic screen 27.

The erasing gun 12 is fully described in the cited
Gardner patent, and as it forms no part of the present
invention, will not be described here. A coated anode
28 is provided for this gun on the inside of the left-
hand end of the eavelope 1% and is electrically con-
nected to a terminal 30 mounted in the envelope 10.

A collector electrode 31 of annular form is coated
inside the envelope 10 between the coated anode 28 and
the reflector screen 27. This collector electrode is like-
wise provided with a terminal 32 mounted in the walls
of the envelope i6.

The writing operation and circuit therefor can best
be understood by reference to Fig. 2. The negative ter-
minal of a battery 33 is connected te the cathode 34
of the reading and writing gun 11, and at iis positive
end is connected over a wire 35 to a second source of
potential 36 and 2 normally-closed set of contacts 37
of a switch 38 to the terminal i5 of the ancde 14 to
place the anode %4 at g potential of 1,00C¢ volts with

respect to the cathode 34 in a representative case. The
positive end of the battery 33 is also connected over

a wire 49 to the terminal 28 of the screen 1§ to place
the screen at a positive potential with respect to the
cathode 34 of 30 volts in a represeantative case. A less
positive point 41 having a potential of 906 volts in a
representative case with respect to the cathode on the
battery 36 is connected over a wire 42 and normally-
open contacts 43-to the terminal 15 of the ancde 14,
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These connections place the anode 14 at one high posi-
tive potential with respect to the cathode 34 of the gun
11 at the write position of the switch 38, and, at the
read position of the switch 38, place the ancde 14 at
a lower potential, that of the point 41, with respect to
the cathode 34. The reflector electrode 27 is connected
through terminal 26 and normally-closed contacts 48
to the negative terminal of a battery 49 over a wire
5. The positive terminal of this battery 49 is con-
nected over a wire 31 to the cathode 34 to give it 2
negative potential with respect to the cathode of 135
volts in a representative case. The screen 27 is also con-
nected over normally-open contacts 52 and wire 33 to
the point 59 on the battery 33. The effect of this con-
nection is to place a negative potential on the reflector
screen 27 during writing, and a positive potential on the
screen during reading.

Collector anode 31 is connected through terminal 32
and over a wire 54 and normally-closed contacts 55 to
the negative terminal of the battery 4¢. This anode is
also connected over normally-open contacts 56 to ground
through a resistor 57. The reading output is taken across
this resistor at a terminal 58.

In the normal or writing position of the switch 37,
a high positive potential appears on the accelerating
anode 14 and a positive potential on the storage screen
16, while a negative potential appears on the reflecting
screen 27 and the collector anode 31. The result is that
5 beam of electrons 69 is emitied from the gun 11 and,
depending upon the state of deflecting fields produced by
the coil 13, the beam 60 penetrates through a hole 61
in the screen 16. It then comes under the influence of
the negative retarding feld of the reflecting screen 27
and is turned back along a trajectory 62 to one of the
dielectric deposits 63 on the screen 16. The details of
this trajectory can best be seen in Figs. 3 and 4.

Tn Fig. 3, the beam of electrons 68 approaches the
screen 16 which is at a positive potential Vi. For pur-
poses of analyzing the trajectory of the electron beam,
if the intersection of the plane of the screen 16 with
the plane of the trajectory is taken to be x axis and a line
perpendicular to the x axis at the point of intersection of
the trajectory with the screen 16 is taken to be the ¥
axis, the eleciron will have a velocity v with a com-
ponent v o parallel to the x axis at the point of intersec-
tion with the screen 16 and a component vyo parallel to
the y axis at that point. The retarding electrode or elec-
tron mirror 27 is mounted in a plane parallel to that of
the screen 16 and at a distance ! from it. It is at a nega-
tive potential va.

The velocity component vx of the electron remains
constant, but the velocity component vy is diminished
at a steady rate by the retarding field on the screen. It
can be shown that as a result the electron follows a
parabolic trajectory represented by the equation:

27 z
y-—‘1/2aﬁ—si—nz—6‘+s—iﬁ—e cos 9 (1)
The acceleration a equals the force exerted by the re-
tarding field on the electron by charge ¢ divided by the

electron mass m, OrI:

a:fLV_x;r_VL) 2)

m
The velocity v which the electron reaches on going from
zero potential to Vi is given by the conservation of en-
ergy principle as:

1/2mvi=V1ie 3)
or:
v2=2V1% (3a)
dividing (2) by (3a) and simplifying
a . Vl + VZ (4)
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substituting (4) in (1) results in

X2(V1+V2) +si:1: - cos @

V=" gV, sin? 0 (5

if y in (5) is made equal to zero, x will equal the dis-
placement s in Fig. 3. Thus (5) can be reduced to

(_I_f1+V2)$__
av,sme o8’
or
o Vi o .
S‘I—4ZV1+V3 sin 6 cos @ (6)

This displacement s represents a lack of register be-
tween the reading and writing operations and must be
kept small in comparison to the spot size. This can
be done by (1) reducing [, (2) reducing 6, and (3)
by making Va large in comparison to Vi. The effect
of varying these factors can best be seen by substituting
hypothetical design data in the Formula 6. If s is not to
exceed a third of the spot size of 0.003” or 0.001"” and
V3 is taken as equal to twice Vi and [/ as equal to 0.02”

0.001=4X0.02X1/3 sin 6 cos ¢

, 0.003 -
sin 8 cos o_m_0.0315

6=2.15°

This gives a smaller deflection angle ¢ than is desired.
Because of difficulties in construction, it is not possible
to reduce ! further. Greatly increasing the potential
difference between the screens would cause obvious diffi-
culties.

However, this displacement may be very simply com-
pensated for by reducing the beam voltage from its value
during writing.

How the amount of compensation to be applied to the
reading beam is determined may best be seen by consid-
eration of Fig. 4. This shows the electron gun 11,
deflection plates 64, the accelerating electrode and the
storage screen 16 schematically. The battery 65 sup-
plies an appropriate deflection potential Vd to the deflec-
tion plate 64. The battery 66 supplies an appropriate
accelerating potential Vi to the screen 16. It will be
noted that the same potential Vi is applied to the first
anode in the gun 11. This potential alone would be
enough to accelerate the beam. It will be noted that
in Fig. 2 the storage grid 16 is at a considerably lower
potential with respect to the cathode than the first anode
14. The accelerating potential at the anode 14 is what

= gives the initial acceleration to the beam. The lower

potential of the storage screen 15 effects the trajectory
of the beam to some extent, but it is a minor effect not
substantially affecting the accuracy of the following analy-
sis, and thus this analysis and the resulting formula may
be used to determine the appropriate potentials for the
accelerating anode 14 in the circuit of Fig. 2. The bat-
tery 67 supplies an appropriate retarding potential Va to
the electron mirror 27. The deflection potential Vd ap-
plied to the deflection plate 64 results in a writing beam
deflection 6. As described before, the writing beam
penetrates the screen 16 and is retarded by the electron
mirror 27, and returns to the screen 16 at a point dis-
placed at distance s from the point of penetration. In
order for the reading beam to reach the location of
the charge, it must be deflected through a larger angle 6
which is larger than 8 by an amount Af. The distance
from the center of the deflection plates to the plane of
the screen 16 along the axis of the tube is designated
as k. The distance of the point of penetration of the
writing beam from the center of screen 16 is designated
as h. The distance from the center of the deflection
plates to the point of penetration of the beam through
the screen 16 measured along the writing beam is desig-
nated as g. From Equation 6:

s=XK1 sin 6 cos 6
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where
=iy, 7
From Fig. 4:
g sin A8=s cos (6+A6) (8)

As Ag is so small, the simple expression s cos ¢ is used.
As A¢ is small, in the order of 2°, sin A9=A4 in
radians so that (8) may be written:

gA0=s cos ¢ (9)
it will also be seen that

k

=cos [} (10)

g

from Fig. 4 and trigometry so that substituting (10) in ( 9)

—LA(i:s cos 4 (11)
cos f

which may be written:
A0=2 cos2 g (12)
k
substituting (7) in (12) gives:

>

AH:% sin ¢ cos® @ (13)

Referring to Fig. 4 again, the deflection ¢ produced °

by the potential Vd applied to the deflection plates is
given by:

. Vd

tan 3=I&2 I};

where Ko is a constant depending on plate geometry.

To obtain the jncrease in the deflection Ag produced

by an increase AV: in the beam voltage, tan ¢ is dif-
ferentiated with respect to

- Vd
0 and K, 2
with respect to Vi as follows
9 A - Vd
see? AG= —Ix2V12V1 (15)
substituting (14) in (15):
2 G— — % 15
sec? A= —tan # v (16)

and transposing and simplifying
AV}

Af= —sin 6 cos 671 (17)
equating (13) and (17):
% sin 6 cos? 0= ~—sin 6 cos OAT/I,? (18)
%:——% cos? ¢/ (19)
substituting the value of K;
%':— ZZ f’;;?ffz cos? 6 (20)

Equation 20 shows that the anode voltage change
required for the displacement of the reading beam is
dependent on the cosine squared of the deflection angle.
Since the deflection angles contemplated are of the
order of 12°, the cosine of which squared is approxi-
mately 0.96, it is readily seen that compensation within
4 per cent. of the true value will be obtained when the

y external circuit through a terminal 15.

(14)
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beam voltage during reading is decreased by a constant
value given by Equation 20 above when 6=0 or:

AV 11
Vi % v, (1)

In Fig. 2 it can be seen that the operation of the
switch 37 opens the contact 36 and closes the contact 43
to apply a lower positive potential by an amount AV;
to the accelerating anode 14, The normal position of
this switch is the writing position and the operating posi-
tion is the reading position. The difference in potential
applied to the anode 24 in these two positions of the
swiich 37 can be determined from the Equation 21. This
correction will result in the correct register between the
writing and reading signals at the point of maximum
deflection. However, at an intermediate point there
would be an cver-correction, The average error could
be less if the difference in potential between the reading
and writing setting were made something less than that
necessary to obtain correction at maximum deflection.

Figs. 5 and 6 show how the circuit of this invention
may be used with the type of tube shown in Figs. 8, 9,
10 and 11 of the cited Gardner patent. In this type of
tube all three operations, erase, write and read, are per-
formed by a single gun 78 positioned at the right-hand
end of the envelope 10 as shown in Fig. 5. An accelerat-
ing anode 14 is coated on the inside of the right-hand
portion of the envelope 16 which is connected to the
The storage
screen 14 is constructed and mounted like the previously
described tube and connected to the external circuit
through the terminal 20, A screen 71 constructed like
the electron mirror 27, but used to accelerate the electron
stream, is mounied similarly to the eiectron mirror 27 and
connected to the external circuit through a terminal 72,
The electron mirror is applied in the form of a deposited
layer 73 on the left-hand end of the tube envelope 160, and
is connected to the external circuit by a terminal 74 similar
in cosmstruction to such terminals as 15.

This tube is connected in an operating circuit as shown
in Fig. 6. The negative terminal of a battery 75 is con-
nected to the cathode 7§ of the gun 7¢ by wire 77. The
anode 14 and the screen 71 are connected through a
normaliy-closed contact 78 on g switch 80 to a positive
terminal 81 of the battery 75 having a positive potential
of 1,600 volts in a representative case. The anode 14
and the screen 71 are also connected through a normally-
open set of contacts 82 on switch §8 through a writing
correction signal generator 83 to another less positive
terminal 84 of the baitery 75 having a potential of 900
volts in a representative case, The storage screen 16
is connected by a wire 85 to a still less positive ter-
minal 86 of the battery 75 having a potential of 20 volts
in a representative case. The reflector coating 73 is
connected through a nermally-closed contact 87 on the
switch and over wire 83 to the negative terminal of a
battery 96 whose positive terminal is connected to the
cathode 76 of the gun 78 to give this electrode a nega-
tive potential of 300 volts, The reflector coating 73 is
also connected over a normally-open set of contact 91
on the switch 8¢ through a resistor $2 to the most posi-
tive terminal 23 of the battery 75 at a potential in a
representative case of 1300 volts. The read signal out-
put is taken from the upper terminal 94 of the resistor 92,

It will thus be seen that with the swiich 80 in the
normal write position, a moderately high positive poten-
tial will be applied from the terminal 81 of the battery 75
to the ancde 14 and the screen 71. This serves to accel-
erate a stream of electrons emitted by the gun 79. The
screen 16 is at a somewhat less positive potential and
the reflector electrode 73 is at a high negative potential
so that, as before, a stream of electrons emitted from
the gun 79 and deflected by the deflecting means 13 will
pass through the screen in one ares and be returned by
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the repeller potential on screen 73 to another area of the
screen 16.

When the switch 89 is moved to the reading position,
the anode 14 and the screen 71 will be supplied with
positive potential from terminal 84 somewhat less than
that originally supplied from terminal 81 of the battery
75. These electrodes will also be supplied with a cor-
rection signal that varies as the cosine squared of the
deflection angle. Such a signal can be closely approxi-
mated by sine wave of double the frequency of the deflec-
tion circuit superimposed upon a D. C. potential of
one-half the maximum correction voltage required. For
the reasons stated above, a fixed difference between the
reading and writing accelerating potentials would be suf-
ficient for most purposes with either type of tube.

Should the image storage tubes of the type herein de-
scribed be used in an application where the reading and
writing operations succeed each other in rapid succession
and with a regular rate of recurrence, the correcticn voli-
age could be applied to the acceleration electrodes in the
form of a square wave of voltage generated in any of
the well-known manners and synchronized with the recur-
rence rate of the read and write cycle. Such a signal
could be produced and synchronjzed by any of several
well-known methods and thus will not be described
here.

The broad principle of modifying the beam potential
of a storage tube to compensate for the Tegister error
due to a charge being built up by a writing beam on a

target at a point different from that at which the writing *

beam impinges on the target may be applied to types
of storage tubes other than the types described in the
cited Gardner patent. The principle of this inventicn
may be applied to any image storage tube where this
type of registration error may occur.

This invention is not limtied to the particular details
of construction, materials and processes described, as
many equivalents will suggest themselves to those skilled
in the art. It is accordingly desired that the appended

claims be given a broad interpretation commensurate £

with the scope of the invention within the art.
What is claimed is:

1. In an electron storage device, a storage target,
means providing an electron beam for scanning said
target, means to causc a writing electron beam to impinge
on the target in one area and build up a charge at another
area somewhat removed from the impingement area,
means including a source of potential to produce and
deflect a reading electron beam to discharge said charged

areas, switching means to selectively actuate as desired *

the reading and writing means, and means under control
of said switching means to reduce the source of potential
of said scanning means to cause the reading electron
beam to impinge on the target in the area where the
charge was built up.

2. In an electron storage device, a storage target,
means including a source of potential providing an elec-
tron beam for scanning said target, means to cause a
writing electron beam i0 impinge on the target in one
area and build up a charge at another area somewhat
removed from the impingement area, means to produce
and deflect a reading electron beam to discharge said
charged areas, switching means to selectively actuate
as desired the reading and writing means, said reading
and writing beam producing means comprising a source
of accelerating potential, and means under control of
said switching means to select a reduced accelerating
potential for the reading beam to cause the reading elec-
tron beam to impinge on the target in the area where the
charge was built up.

3. In an electronic charge storage device, a perforated
storage target having an electrically conductive side and
a dielectric side, means including a source of potential
for producing an electron beam, means for deflecting
said beam to scan said conductive side, means to cause an
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electron of said beam to pass through said target, alter
its course and impinge upon said dielectric side at an
area somewhat removed from the tegion of passing
through to deposit a charge on said area, a collector
electrode, and means to connect said collector electrode
to a source of potential and means to select a reduced
potential for said electron beam providing means to direct
the electron beam to an area where a particular charge
is deposited to discharge that area rather than to the area
of the target through which the electron beam passed
to deposit that charge.

4. In an electronic charge storage device, a perforated
storage target having an electrically conductive side and
a dielectric side, means for producing an electron beam,
means for deflecting said beam to scan said conductive
side, the beam producing means comprising a source of
accelerating potential, means to cause an electron of said
beam to pass through said target, alter ifs course and
impinge upon said dielectric side at an area somewhat
removed from the region of passing through to deposit
a charge on said area, said course altering means com-
prising an electrode adapted to be charged with a nega-
tive potential mounted parallel to the target and on its
dielectric side, a collector electrode and means to actuate
said collector electrode, reverse the course of said poten-
tial-altering means and reduce said source of accelerating
potential by an amount sufficient to cause said deflecting
means to direct the electron beam to an area where a
particular charge is deposited to discharge said area
rather than to the area of the target through which the
electron beam passed to deposit that charge.

5. In an electronic charge storage device, a perforated
storage target having an electrically conductive side and
a dielectric side, means to maintain said target at a posi-
tive potential, V., means for producing an electron beam,
means for deflecting said beam to scan said conductive
side, the beam producing means comprising a source of
accelerating potential, means to cause an electron of said
beam to pass through said target, alter its course and
impinge upon said dielectric side at an area somewhat
removed from the region of passing through to deposit
a charge on said area, said course altering means com-
prising an electrode adapted to be charged with a negative
potential, Va2, mounted parallel to the target and on its
dielectric side at a distance [ from the target, a collector
electrode, and means to actuate said collector electrode,
reverse the potential of the said course-altering means
and modify said source of accelerating potential to
direct the electron beam to an area where a particular
charge is deposited to discharge said area rather than
to the area of the' target through which the electron
beam passed to deposit that charge, said deflecting
means being located at a distance k from the said target,
sajd modifying means for said electron beam providing
means comprising means to reduce the accelerating po-
tential, V1, by an amount such that

AV LV

V=Y oA,

6. In an electronic charge storage device, a perforated
storage target having an electrically conductive side and
a dielectric side, means to maintain said target at a posi-
tive potential, Vi, means for producing an electron beam,
means for deflecting said beam through an angle ¢ to
scan said conductive side, the beam producing means
comprising a source of accelerating potential, means to
cause an electron of said beam to pass through said target,
alter its course and impinge upon said dielectric side
at an area somewhat removed from the region of passing
through to deposit a charge on said area, said course
altering means comprising an electrode adapted to be
charged with a negative potential, Vz, mounted parallel
to the target and on its dielectric side at a distance !
from the target, a collector electrode, and means fo actu-
ate said collector electrode, reverse the potential of the
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said course-altering means and modify said source of accelerating potential comprising means to change the
accelerating potential to direct the electron beam to an accelerating potential, V1, by an amount such that
area where a particular charge is deposited to discharge .

. AV I v
said area rather than to the area of the target through ?=—4E TV cos? @
which the electron beam passed to deposit that charge, 5 ! ! z
said deflecting means being located at a distance % from
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