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PREFACE

Although the importance of electronic storage for tele-
vision, computer, and signal-converter applications is gener-
ally recognized, and a number of books exist which treat this
subject, no previous textbook has been primarily concerned
with storage tubes. It is the purpose of this book to explain in
concise form the fundamental operation of the different types
of storage tubes and to provide this information in an easily
accessible manner.

During the evolution of the manuscript it became more
and more apparent that the operation of charge-controlled
storage tubes could in general be explained on a common
basis of relatively few fundamental processes of writing and
reading. It is believed that this approach facilitates the under-
standing of the mechanism of such devices and should make
the book useful both to electronic engineers and to teachers
or students interested in this general subject.

In the text the different storage tubes have been described
with many minor details omitted. This has been done for the
sake of emphasizing the fundamental storage principles. It is
hoped that the reader will refer to the bibliography (Part VIII)
for additional details.

Many of the storage tubes described are still in the de-
velopment stages. Since their uses and applications have not
yet been fully éxplored and they are still subject to modifica-
tions, no attempt has been made to compare the properties of
similar types of tubes quantitatively.

A substantial portion of this book was initially prepared
for the U. S. Army Signal Corps in the form of a report. The
authors wish to express their appreciation for the support of
Dr. J. E. Gorham of the Evans Signal Laboratory and are in-
debted to Miss Ruth Pearl of the same laboratory for her co-
operation and diligence in typing the material for the manuscript.
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In addition, the authors wish to acknowledge many stimulating
discussions with members of the staff of the RCA Laborato-
ries, especially with Mr. L. Pensak.

M. KNOLL

B. KAZAN
Princeton, New Jersey

August, 1952



INTRODUCTION

Charge-controlled storage tubes have been employed as
television-camera tubes since the early days of television.
Since about 1940 they have also become increasingly impor-
tant as devices for signal conversion, direct viewing, and com-
puting applications. Since the storage of information in such
tubes depends neither on mechanical movements nor on physi-
cochemical changes in a material, but on the establishing or
removing of minute electrical charges on an insulating sur-
face (or array of insulated elements), the speed of operation
is very high. In practical tubes the amount of electrical charge
stored per target element is in the order of 10-11 coulombs
or less, thus permitting time-varying electrical information
to be stored on (or removed from) successive elements at
rates as high as a few megacycles per second.

Because of the fact that a pattern of electric charges cor-
responding to the light and dark areas of a visual picture can
be established on the storage surface, the storage tube has
found its most extensive use in television applications, espe-
cially in the field of pickup tubes which convert visual to
electrical signals. For these types of applications storage
tubes such as the Iconoscope and Image Orthicon have been
furthest developed.

In the transmission of picture information it is frequently
necessary to change from one type of scanning to another such
as radial scanning (P.P.].) to rectangular scanning (raster),
or to change the frame frequency of transmitted electrical in-
formation in coordinating, for example, one television system
with another. For these purposes the frequency-converter type
of storage tube is very useful. It is also important in applica-
tions involving integration for increasing the signal-to-noise
ratio, and the recording of single transients from which it is
desired to produce a number of copies. Considerable develop-
mental work has already been accomplished on several of
these devices, with many new applications expected.

Where the direct viewing of visual patterns or pictures is

vii



viii INTRODUCTION

concerned, charge-controlled viewing storage tubes, although
not as fully developed as the other types above, are expected
to play an important part in applications where, for example,
it is desired to view a short electrical transient signal for a
long period with little decay, where it is desired to control the
decay of a stored signal, where higher light output is desired
than can conveniently be obtained with ordinary scanning types
of cathode-ray tubes, or where low frame repetition rates are
desired without flicker.

Charge-controlled storage tubes have also become im-
portant as essential components in computing devices. Be-
cause of the rapidity with which electrical information can
be stored at an arbitrary target element (time durations
as short as a few microseconds) storage tubes are finding
one of their most important uses where complex opera-
tions require rapid storage of intermediary information
and rapid access to this information. For computing ap-
plications several successful types of tubes have already
been designed, with additional development work continu-
ing.

The operating mechanism of storage tubes is largely de-
pendent on the control of secondary-emission currents from
an insulating target and bombardment-conductivity currents
through the target material. In Part I the equilibrium poten-
tials acquired by insulated elements under steady electron
bombardment are discussed. On the basis of this discussion
and the definitions of Part II the various methods of estab-
lishing a charge pattern by dynamically controlling the second-
ary emission and bombardment conductivity are then described
in Part III. A more complete understanding of secondary emis-
sion itself may be obtained from the literature indicated in
Part A of the bibliography. In particular, the works of Bruin-
ing (Ref. 2) and McKay (Ref. 9) provide relatively complete
surveys of the secondary emission of both insulators and
metals.

In addition to secondary emission and bombardment con-
ductivity, the processes of photoemission and photoconductivity
play an important role in the charging action of television
camera tubes. These charging actions are therefore also dis-
cussed in the above-mentioned parts from the static and dy-
namic viewpoints.

The following Parts, IV, V, VI, and VII, are devoted to a
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discussion of the various types of storage tubes. Although
these tubes have been grouped into parts on the basis of their
general application, such as signal conversion or computing,
it is also believed desirable to classify the tubes (a) by the
method of applying the input signal (cathode modulation or
backplate modulation, for example), since it most clearly dif-
ferentiates the tubes on the basis of their circuit operation,
and (b) by the basic writing and reading mechanisms which
take place within the tubes.

It should be noted that in a number of cases the physical
construction of a tube permits it either to be employed for a
different application or to operate with a different writing and
reading mechanism than indicated in the following text. How-
ever, individual storage tubes have usually been designed with
a particular application and type of operation in mind so that
numerous design considerations incorporated in their struc-
ture, such as target thickness, target leakage, secondary-
emission properties of the target, collector geometry, and
beam current and voltage as required by electron-optical
considerations, frequently limit the practical employment of
individual tubes differently than intended by the original de-
sign.

In the following sections simplified diagrams which indi-
cate only the essential components of each tube are employed,
so that the mechanism of operation can be most clearly ex-
plained. For the purpose of discussing the operation of the
tubes on a common basis related to Parts I, II, and III each
tube is described with the collector electrode connected to
ground directly or through an output resistor. Although in
the reference literature the electrode which is grounded may
vary from tube to tube, the assumption of a grounded collec-
tor does not change the basic operation.
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PART 1

EQUILIBRIUM POTENTIALS ACQUIRED
BY AN INSULATING SURFACE

UNDER ELECTRON BOMBARDMENT
AND THE ACTION OF LIGHT

A. EQUILIBRIUM STATES OF AN ELECTRON-
BOMBARDED ‘‘FLOATING”’” SURFACE

The establishing of a charge pattern in a storage tube is
frequently accomplished by means of secondary emission.
For an understanding of this process a knowledge of the po-
tential acquired by an insulated element under steady bom-
bardment is essential.

In Fig. 1 an electrode arrangement typical of a storage
tube is indicated. Under steady bombardment by primary
electrons in a high vacuum, an insulated (metallic or non-
metallic) element of the target at an arbitrary initial poten-
tial, Vg, will be charged to an equilibrium potential, Veq-
For a given material the value of this equilibrium potential
(measured with respect to the secondary-current collector
anode G) depends, to a first approximation (within several
volts), on the energy Vpr of the primary electrons striking
the target, and the effective resistance Rj of the material be-
tween the target element and the backplate P.

Figure 2 indicates the well-known curve, characteristic
of all materials (including metals) of secondary-emission
ratio 6, as a function of primary electron energy Vy,, ex-
pressed in electron volts (Refs. 2, 9). (5, is defined as the
ratio of the secondary current ig to the primary current ipr~)
The lower and higher values of Vpr corresponding to 6o =1
are designated as first and second crossover potentials Vs
and V:p9 respectively.l This curve always exhibits a maxi-
mum value? of 6, between V1 and V9. At primary energies

!'V.r1 is usually of the order of 100 volts or less and Vg of the order of
1000 volts or greater.

2For some pure metals, and carbon in the form of soot, the maximum
value of 6¢ is less than unity. In such cases no crossover potentials exist.

1



I. EQUILIBRIUM POTENTIALS

Fig. 1. Typical electrode arrangement for an electron-bombarded
storage target.

A, accelerating anode; G, collector cylinder; i¢, collected cur-
rent; ipr, primary current; i, current reaching backplate from
target (leakage target current); K, cathode; P, metal backplate;
Rj, resistance between surface of target element and backplate,
due to leakage, conductivity induced by bombardment or light, or
both; T, target (insulator sheet or coating); V¢, instantaneous po-
tential of target surface with respect to collector; Vi, potential of
cathode with respect to collector.

e

Reflected ! E-—
primary \.
eiectrons/ *

| |
| !
v v Vor
Vc:l vch °
Fig. 2. Typical secondary emission curve: secondary-emission
ratio ¢ as a function of bombarding primary-electron energy Vpr
at the target.
Verl, first crossover potential; V¢r2, second crossover po-
tential.
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below the maximum, 6, increases with increasing V), because
of the increasing primary energy available. At primary ener-
gies above the maximum, 6 decreases as a function of Vpr
because the secondary electrons are generated in progressive-
ly deeper layers of the material and therefore are absorbed

to a greater degree with increasing Vpr- At very low energies,
a large fraction of the primary electrons is reflected by col-
lision with the target atoms. If these reflected electrons are
collected together with the secondary electrons, the apparent
secondary-emission ratio (shown by the dotted portion of the
curve) approaches unity as V. approaches zero.

If the conductivity of the target is sufficiently high, such
as for metals, the secondary-emission curve of Fig. 2 can be
obtained by direct-current measurements. For an insulating
target film, the portion of the curve corresponding to higher
primary electron velocities may also be obtained by direct-
current measurements, using the effect of bombardment-
induced conductivity of a penetrating beam (see Part I-I and
Refs. 16, 32); otherwise, the curve must be obtained by pulse
techniques (Refs. 9, 24, 40). In obtaining this curve it is as-
sumed that the accelerating field between the collector and
target is sufficient to remove all secondary €electrons emitted
from the surface of the target.

In operation of storage tubes, such an accelerating field
does not always exist, and some of the emitted secondary
electrons return to the target. To differentiate clearly be-
tween the secondary-electron current ig emitted by a certain
target material under bombardment and the portion i of this
electron current (consisting of either secondary or reflected
primary electrons, or both, from the target) which lands at
the collector, the following notations are used:

;i = 0e (secondary-emission ratio as commonly
pr used in the literature) and

;i = 6¢ (collected-current ratio)

pr

For a given material and a given primary electron velocity at
the target, 6, will always be equal to or smaller than 6 ex-
cept for very low primary energies where the collected elec-
trons include the reflected electrons. The condition 6, < Oe
is caused by a decelerating field between the target and col-
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lector which results when the target is positive with respect
to the collector (see Part I-D), or from a space-charge-
potential minimum near the target, due to the low velocity of
the emitted secondary electrons.

Veqs the equilibrium potential of a target element bom-
barded by the primary electrons, is experimentally known to
be a function of the cathode potential Vi with respect to the
collector (Ref. 28). This relationship is indicated by the curve
of Fig. 3. For values of Vx which correspond to values of Vpr
below V¢r1, Veq decreases linearly with increasing magnitude
of Vi and usually jumps to a slightly positive value for a value
of Vi equal to or greater than V. 1. Under some conditions,
however, the target may be caused to assume potentials along
the dashed line b-¢’ as Vi is increased beyond the value V.1
(see Part I-C). For values of Vk corresponding to Vpr greater
than Vi,9, Veq again decreases linearly3 with increasing
value of V. A more detailed discussion of the equilibrium
curve is given below.

+Veq

V. (Negative values)

- c'
Vea

Fig. 3. Curve of secondary-emission equilibrium potential Veq
as a function of cathode voltage V.

Nbe, typical potential levels resulting from bombardment-
induced conductivity; Npe, typical potential level resulting from
photoemission; Npe» typical potential levels resulting from photo-
conductivity; Nr, typical potential level resulting from redistri-
bution.

:’Although, as indicated in Fig. 3 (and also Fig. 4) the portion d-e of the
equilibrium curve is a straight line intersecting the line c-d at the point d,
actually, in the case of insulators the line d-e becomes curved as it joins
the portion c-d. This is indicated by the dotted line near point d of Fig. 3.



B. POTENTIAL-SHIFTING DIAGRAM

B. TARGET POTENTIAL-SHIFTING DIAGRAM

The origin of the experimental equilibrium curve (Fig. 3)
of a ‘‘floating’’ insulated target element may be understood
with the help of Fig. 4. This figure indicates by means of ar-
rows the direction of potential shift of an insulated target
element with any initial potential Vg, when bombarded with
primaries from a cathode at any potential Vi with respect to
the collector. Since the values of Vi along the x axis) and Vit
(along the y axis) are plotted on the same scale, lines of 45-
degree slope represent lines of constant potential difference,
Vit — Vk. (Note that while Vi is always a negative number, it
is indicated along the positive x axis.) This potential differ-
ence, Vit — Vi, is actually the potential V., and thus these
sloping lines represent values of constant electron energy
Vpr at the target.

%%/ 7
7%

v
227
i

Negative values)”

P\Q &i

>
Rt
BN
o)
&
AV
=2
A
X<
Q
g

>
>
yy
B
/
£

&
Nt
S

Fig. 4. Potential shift of a floating target under electron bombard-
ment as a function of its initial potential Vgt and the cathode voltage V.

Vi, instantaneous potential of target surface; Veqr particular value
of Vit at equilibrium potential of target surface; Vi, cathode potential
of bombarding primary beam.
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In Fig. 4, three 45-degree lines are drawn for the particu-
lar electron energies zero, Very, and Vi p.9. The entire area
between the lines Vpr = 0 and Vpr = V¢y (area A) includes
only points where 6g <1 and therefore also 6, <1 since for all
these points (as indicated by Fig. 2) the target will be bom-
barded with an energy less than the first crossover potential.

The area between the lines V. = Vpq and V. = Vipo,
in a similar manner, includes only points where 6 >1. How-
ever, since the second crossover potential does not remain
constant, but increases with increasing accelerating field at
the target (see Part I-F), the region of 6 >1 is extended (for
negative values of Vyt) to the line d-e which has a slope of
less than 45 degrees. This line is indicated as Vpr = Ver
and represents the condition 6, = 1, since along the line the
secondary emission ratio, 8., is by definition equal to unity,
and all the secondaries are attracted to the collector.

The entire region of 6¢ >1 of Fig. 4 (area B) is divided
into two portions by the slightly curved line c-d which repre-
sents the condition 6, = 1. (The reasons for the shape and
position of this line are discussed in Part I-D.) Above the
line, 6. is less than unity since some or all of the secondary
electrons are returned to the target by the decelerating field
between the target and collector. Below the line, 6. is greater
than unity since there is less decelerating field or an in-
creasing accelerating field.

To the right of the line Vpy = V¢ra (above the Vi axis)
and to the right of the line Vpr = Ver2 (below the Vi axis),
the energy of the primary electrons at the target is greater
than the second crossover potential. All points in this region
(area C), therefore, correspond to 6 <1 and thus to 6.<1
as well.

Since a floating target element, when bombarded with
primaries under the condition 6, >1, becomes more positive
and, when bombarded under the condition 6,<1, becomes
more negative, the direction of these potential shifts can be
indicated by the arrows of Fig. 4 in the corresponding regions.
These arrows converge on the line c-d-e from above and be-
low, thus indicating it to be a line of stable equilibrium since
along it 6o = 1 and any small potential deviations from it
will be compensated by such change in 6, as will shift the tar-
get back toward the line. Since arrows end on only one side of
the line a-b-c¢’, points on this line are quasi-stable in the
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sense that, although the condition 6 = 1 exists, only positive
potential deviations will be compensated by a change in 6.
Negative potential deviations, however, will not be compen-
sated since, for points below the line Vpr = 0, primary elec-
trons will no longer have sufficient energy to reach the target.
Only by removal of the charge by leakage or other means,
such as positive ions or the use of an auxiliary electron beam
with a more negative cathode potential, can the target charge
positively toward the line a-b-c’. (Although 5 is also equal to
unity along the line Vpr = V¢r] below the Vi axis, stable
equilibrium cannot be achieved in this case since slight poten-
tial deviations from the line will cause the target to shift away
from the line, as indicated by the arrows, instead of toward
the line.) '

As mentioned above, the portion d-e of the equilibrium
curve corresponds to the condition Vpr = Vg and since
Vpr = Vi — Vi, the resulting relationship Vit — Vi = V.0
exists along this line. Because of this relationship, indicating
that at equilibrium the target potential cannot exceed the cath-
ode potential by more than the amount V.9 as the cathode po-
tential is increased, V9 is frequently referred to as the
‘‘sticking potential.’’

C. EQUILIBRIUM OF THE BRANCH b-c¢’
OF THE Veq CURVES OF FIGS. 3 AND 4

Target elements can only be shifted to the line b-c¢’ if the
target and cathode potentials correspond to points which fall
in the area A to the right of the line b-c’. If the target ele-
ment is assumed to be initially at zero potential, one means
of shifting its potential to a point on the line b-¢’ is as fol-
lows: The target element is first bombarded with primary
electrons from a cathode whose potential, Vi, is between 0
and V.r1 as indicated by point 1 of Fig. 4. If the cathode po-
tential is maintained at Vi, the target element will shift its
potential by secondary emission action to point 2, the time
required being determined by the primary beam current and
the capacity of the target element to all the other target ele-
ments and electrodes in the tube. If the cathode potential is
now increased by an additional quantity less than V1, but
such that the total cathode potential V' is greater than Vg,
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the target will be at point 3 and will again be shifted by sec-
ondary emission action to the point 4 on the line b-c¢’. In simi-
lar manner, other points corresponding to Vpr = 0 can be
reached along the dashed equilibrium line b-¢’.

D. INFLUENCE OF THE VELOCITY DISTRIBUTION
OF THE SECONDARY ELECTRONS ON THE SHAPE
OF BRANCH c-d OF FIGS. 3 AND 4

The position and slightly curved shape of the line c-d of
Figs. 3 and 4 can be qualitatively understood from Fig. 5
where the relative number of secondary electrons is plotted
as a function of their emission energy, Vg, expressed in volts.
Two curves, 1 and 2, are shown, corresponding to the bom-
bardment of a given target with primary electrons of energy
Vpr1 and Vpr2 respectively.

As indicated in Fig. 5, a maximum occurs in each curve
at a relatively low emission energy+ and another more nar-
row peak at a higher energy. The latter peak occurs at an
emission energy equal to the particular energy Vpr of the
primary electrons striking the target. In general, the ma-
jority of the secondary electrons are emitted with not more
than a few volts energy and are in the vicinity of the low-
voltage maximum. From the physical standpoint these elec- -
trons constitute the ‘‘true’’ secondaries.

Although the transition is not sharp, electrons emitted
with higher energies consist of primary electrons which have
given up a part of their energy to the target atoms by collision
and are inelastically reflected. The sharp peak at the emis-
sion energy Vpy is produced by the elastic reflection of a
fraction of the primary electrons which undergo no loss of
energy in striking the target. In the discussions which follow,
the expression ‘‘secondary electrons’’ will be taken to mean
the total of all of the emitted electrons unless otherwise spe-
cified.

If the vertical coordinate of Fig. 5, indicating the relative
number of secondary electrons, is assumed to be more ex-

4 For insulators, this peak in the curve occurs at about 1 volt of emission
energy or less. For metals, the peak is somewhat higher but generally less
than 5 volts.
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Fig. 5. Velocity distribution curves of secondary electrons for a given
material showing minimum energy of secondary electrons which can
reach the collector for different primary energies.
Ve, emission energy of secondary electrons in voits.

plicitly defined as the number of secondary electrons emitted
per unit interval of emission energy, the entire integrated
area under each curve will represent the total number of sec-
ondary electrons. The ratio of the total number of secondaries
represented by each curve to the number of primary electrons
corresponds, therefore, to the secondary emission ratios 61
and 0gg respectively.

Referring to curve 1 of Fig. 5, if the target has a small
positive potential Vg equal to Vg1, only the electrons repre-
sented by the corresponding hatched area will have sufficient
energy to reach the collector against the decelerating field.>
For any positive target potential Vg, it is therefore possible
to determine the number of electrons able to reach the collec-
tor by setting the value of Ve equal to Vg and measuring the
area under the curve to the right of the ordinate V. The ratio
of the number of electrons reaching the collector to the num-
ber of primary electrons is, by definition, the value of 6,. Of
special interest is Vggq, the particular value of V¢t which cor-
responds to the condition 6 = 1. This is determined from

SFor simplicity, it is assumed here that the secondary electrons are
emitted only in the direction of the electric field between target and collector.
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the particular value of Ve1 (= Vft) such that the hatched area
represents a number of secondary electrons equal to the num-
ber of primary electrons.

Since, by definition, the total area under the velocity dis-
tribution curve will be increased with increases in 6, because
of changes in primary electron velocity Vpr, the value of Veq
will also be increased to some extent by increases in 6¢ (as-
suming approximately the same shape of velocity distribution
curve). This is indicated in Fig. 5 where curve 2, having the
same shape but a higher value of 6 than curve 1, causes the
potential Vg9 to be higher than the potential Vg1 of curve 1 for
the condition 6 = 1. The line c-d, in Fig. 4, which is a plot
of target potential Veq for the equilibrium condition 6 = 1.
is therefore slightly above the horizontal axis, representing
the small positive values of Veq, and rises and falls in height
as g varies with Vpr, as shown in Fig. 2.

Assuming that the shapes of the velocity distribution
curves for different materials are geometrically similar, ma-
terials having greater values of ¢ will have higher values of
Veq for 6¢ = 1. The line c-d will thus be somewhat higher
for such materials but of the same general shape.

Actually, the emitted secondaries will cause a space-
charge cloud to form between the bombarded target element
and the collector. This space charge, if sufficiently great, will
produce a potential minimum in its neighborhood, preventing
additional low-velocity secondaries from reaching the collec-
tor. The resulting net increase in electrons at the target will
thus cause it to assume a new equilibrium potential, some-
what less positive than the ideal value, Veq, discussed above,
or a few volts negative with respect to the collector. The shift
to a more negative equilibrium potential enables the number
of secondaries leaving to equal the primary electrons (be-
cause of the reduction in decelerating field or the creation of
an accelerating field), reestablishing the condition 6, = 1.
Since the current density of the secondaries leaving the tar-
get determines the amount of space charge created, the equi-
librium potential assumed by the target during bombardment
will depend on the current density of the primary beam.
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E. VARIATION OF INSTANTANEOUS COLLECTOR
CURRENT AS A FUNCTION OF THE FLOATING
TARGET POTENTIAL

For values of Vkx whose magnitudes lie between Vor1 and
Ver2, the typical variation of the collected-current ratio 6,
with respect to Vgt is indicated by the solid curve of Fig. 6. In
this figure, the dotted line, which is partially superimposed on
the solid line, indicates the curve of secondary-emission ratio
0¢ as a function of Vpr, the primary electron energy at the
target. The solid curve is drawn with the assumption that the
cathode potential Vi is held at some particular value Vi, and
the target potential Vg is varied.

Since, by definition, Vgt is the target potential with respect
to the collector, the abscissa V§t = 0 corresponds to a pri-
mary energy Vpr at the target which is equal in magnitude to
Vko, the cathode potential with respect to the collector (Refs.
51, 54). For values of V§t <0 where an accelerating field
exists between the target and collector, essentially all the
emitted secondary electrons will be collected and the curves
of 8¢ and 6, will therefore be superimposed.

b oae o le
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Fig. 6. Curve of instantaneous collected current as a function of float-
ing target potential Vf showing equilibrium points C and E.
Vit, floating-target potential with respect to collector. Vit = 0
represents target potential equal to collector potential.
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For V¢t >0 a decelerating field will exist at the target. If
Vit has a small positive value, the emission energies of the
secondary electrons will enable a fraction of them to reach
the collector as indicated in Part I-D. However, as V¢t is in-
creased, the number of secondaries reaching the collector
will decrease until essentially none of them will be capable of
reaching the collector for large values of V§t. This decrease
in the collected current i is indicated by the solid line® in
Fig. 6 which includes points B, C, and D. The particular posi-
tive value of V¢ where the 6 curve crosses the line 6, = 1
(point C) corresponds to the stable equilibrium potential Vegq.
The exact value of 6. for a particular positive value of Vg
can be obtained by determining the area under the energy-
distribution curve of Fig. 5 to the right of of abscissa Vyt as
discussed in Part I-D. Since a target with a potential Vy{ tends
to shift positively or negatively, depending on whether 6, >1
or 6.<1, respectively, these potentials are indicated by the
arrows on the 6 curve of Fig. 6. Point C on the curve where
the arrows converge from both sides is a point of stable equi-
librium (Vg = Vgq) and point E where the arrows arrive
from one side only (Vpr = 0) is a quasi-stable point (as men-
tioned in Part I-B).

It should be noted that the point E (where Vpr = 0) re-
quires a target potential V¢ which is negative with respect to
the cathode by a fraction of a volt, since the primary elec-
trons are emitted from the cathode with a small amount of
thermal energy. Although not indicated in Fig. 6, the point
Vit = 0 thus corresponds to a primary energy Vpr = Vko»
plus a fraction of a volt.

F. SLOPE OF THE BRANCH d-e OF THE Vgq
CURVE OF FIGS. 3 AND 4

It is experimentally observed that the slope of the branch
d-e is less than 45 degrees (Refs. 21, 22). This may be ac-
counted for by assuming that, as the accelerating field be-
tween the target and collector is increased, the value of 6¢
becomes greater for a given material, with an accompanying

%In practice, the slope of this line will be influenced by the geometry of

the target and collector system. For closer spacing of the collector to the
target surface, the slope tends to increase.
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increase in the value of Ver2. Physically, the change in 6¢
may be explained by assuming that more of the secondary
electrons emitted in random directions inside the material
can escape, since they are drawn toward the surface by the
internal accelerating field.

Referring to Fig. 4, it is assumed that near the point d,
where the accelerating field is approximately zero, the value
of the second crossover is V9. It is also assumed, for the
purpose of illustration, that along the line d-e the value of
Ver2 increases by an increment which is linearly proportional
to Vit so that Vo = Vepa — a Vit. (Note that o is a positive
quantity and V¢t is always a negative quantity along the line
d-e.) Since, by definition, the relationship Vpr = Vit — Vk
exists, it is possible to write for the conditions along the line
d-e, where Vpr = Vcrg holds true:

Ver2 = Vit — Vk.

Substituting
' Verg — a Vg for Vg
gives
Verz —a Vi = Vit — Vi,
or |
— Vera+Vik Vi
Vit = TTa —1+a + constant.

This is the equation of a line whose slope, as indicated in
Fig. 4, is less than 45 degrees in magnitude.

G. PHOTOEMISSION LEVELS ABOVE
THE Vi AXIS OF FIG. 3

In some cases the storage target may be covered with a
mosaic of photoemissive elements insulated from each other.
These elements can be charged by the action of incident light
as well as by the action of secondary emission (Refs. 4b, 25,
26, 94, 95, 96, 97). Since by photoemission such target ele-
ments can only lose electrons, they always tend to charge in
the positive direction. However, in charging by photoemission,
the elements cannot shift more positive than the potential
corresponding to the maximum energy of the emitted photo-
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elections for a particular color or frequency of light. If the
potential Vg of a photoemissive element is shifted (by the
capacitive action of a voltage applied to the backplate, for ex-
ample) to a value greater than this potential, none of the
emitted photoelectrons will be able to reach the collector, due
to the decelerating field, and will be returned to the target
surface. Since the number of photoelectrons emitted is pro-
portional to the light energy incident on the surface, the
charge lost is a linear function of the light energy, assuming
sufficient accelerating field between target and collector. In
Fig. 3, a typical potential level established by photoemission
is indicated by the dashed line Npe- This potential is of the
order of several volts for visible light.

H. PHOTOCONDUCTIVITY LEVELS ABOVE
AND BELOW THE Vi AXIS OF FIG. 3

If a potential difference has been established between the
front surface and backplate of a thin insulating target, and the
target material is photoconductive, the effect of incident light
at a particular element will be to reduce this potential differ-
ence by increasing the conductivity of the target material
(Refs. 4a, 4b, 18a, 20a, 77, 96).

The initial potential difference may be established by
secondary-emission action. If, for example, the target sur-
face is bombarded with primary electrons from a cathode
whose potential is between V1 and Vir9 so that the surface
is charged to approximately the collector potential, and at the
same time the backplate is maintained at a different potential
(either negative or positive) with respect to the collector, a
corresponding potential difference will result between the
target surface and backplate.

In general, the conduction current from the target surface
to the backplate will decrease with time of illumination be-
cause of the reduced gradient as the surface approaches the
backplate potential. Unlike the process of photoemission, the
process of photoconduction does not cease at the instant of
cutting off the incident light but persists, decaying rapidly at
first, followed by an extended tail. The decay time varies
considerably for different materials, the time required for
the initial rapid drop in conductivity being in the order of a
few milliseconds or less to reach 1/e of its initial value and
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the tail extending in some cases for as long as several minutes.

I. BOMBARDMENT-INDUCED CONDUCTIVITY
LEVELS ABOVE AND BELOW
THE Vi AXIS OF FIG. 3

If a potential difference exists between the target surface
and backplate (established by secondary emission, for ex-
ample, as described in Part I-H) the target surface may be
caused to shift to the backplate potential by means of bom-
bardment-induced conductivity. This effect occurs when the
target is thin (1 micron, for example) and the primary beam
has sufficient energy to penetrate through the target material
(Refs. 1, 4, 10, 15, 17, 18). Such induced conductivity may ex-
ceed by several orders of magnitude the conductivity of the
unbombarded insulating target.

In Fig. 7, typical curves (taken from Pensak, Ref. 17) are
shown for a target of silica, 0.25 micron thick, indicating the
ratio of bombardment-induced current to primary current as
a function of primary beam energy Vpr. It should be noted
that these curves do not continue to rise with increasing pri-
mary beam energy but go through a maximum. For a given
target this maximum occurs at approximately the primary
beam voltage at which the greatest fraction of beam energy
is absorbed in the target. As also shown by the curves, the
bombardment-induced conductivity depends somewhat on the
polarity of the initial potential difference established between
target surface and backplate, being greaterfor most materials.
when the target surface is negative with respect to the back-
plate. (For exceptions see Ref. 18.)

Since secondary electrons will be emitted simultaneously
from the surface of the target during bombardment, the ten-
dency of the surface to assume the backplate potential by in-
duced conductivity will be either aided or opposed by the sec-
ondary-emission action of the primary beam depending on the
equilibrium potential associated with the primary-beam cath-
ode potential (see Fig. 4). Neglecting secondary emission
effects, the potential shift which an element of the target sur-
face undergoes depends on the energy of the primary beam
and the potential difference initially established between the
target surface and backplate as well as the time of bombard-
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Fig. 7. Typical curves showing change in bombardment-induced
conductivity with primary beam energy Vpr~
Vpr’ primary beam energy in kilovolts; Vg, potential of target
surface with respect to backplate (Pensak, Ref. 17).

ment. In Fig. 3, typical potential levels established by bom-
bardment-induced conductivity are indicated by the dashed
lines Ny¢. These lines may be either above or below the Vi
axis, depending on the backplate potential, and are drawn in
the region where the cathode potential Vi assumes relatively
large values (producing high bombarding energies).

J. REDISTRIBUTION LEVELS BELOW THE LINE c-d
OF THE EQUILIBRIUM CURVE OF FIG. 3

In the preceding discussion relating to the potential shift-
ing of a floating target under electron bombardment, no ac-
count was taken of secondary electrons emitted from a parti-
cular bombarded target element returning to other target
elements (case of a scanned target). This ‘‘redistribution
effect’’ is important since a target element, after having
reached the equilibrium potential Veq during bombardment,
will become more negative as the primary electron beam
later scans other elements. Redistribution usually occurs
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when a weak decelerating field exists at the target such as at
points along the branch c-d of the equilibrium curve of Fig. 3,
or when a weak accelerating field exists such as at points
slightly below the Vi axis.

In Fig. 8a, a bombarded target element is shown at a
positive equilibrium potential, Veq, of +5 volts with respect
to the collector. Also indicated are the equipotential lines in
the space between the target and collector. Since, as men-
tioned in Part I-D, a large fraction of the secondary electrons
is emitted with energies of 5 volts or less, these electrons
will be reflected back to other elements of the target surface

Primary
beam

|
_ |
Collector | Collector

¥ Collected
secondary

[ro— electrons _
~ ® | \y b4

0 volts 0 volts

Redistributed
secondary
electrons

+1 volt )
+2 volts Equipotential
+3 volts lines

Insulated target — = XX N +4 volts
Bombarded element Unbombarded elements, less than
+5volts +5 volts, or slightly negative

Fig. 8a. Typical target potentials due to electron distribution.

as well as to the bombarded element by the decelerating field
above the target. Included in the secondaries which are re-
flected is a fraction of the electrons with greater than 5 volts
energy but whose energy in the direction of the decelerating
field is less than 5 volts because of their emission angle.
The reflected electrons thus tend to charge negative other
elements of the target surface’ at a rate depending on their
7In general, a large fraction of the redistributed electrons will return to

the target surface in the neighborhood of the bombarded spot within a dis-
tance of a spot diameter. (See Footnote 21, page 86.)
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distance from the bombarded spot (Ref. 67).

The redistribution effect can be substantially reduced or
entirely eliminated if a fine-mesh barrier grid is placed very
close to the target surface, as indicated in Fig. 8b, and the
collector cylinder is maintained at a positive potential with
respect to the grid. In this case, secondary electrons escap-
ing through the holes of the mesh will be unable to return to
the target surface because of the accelerating field existing
between the mesh and the collector. However, secondary elec-
trons with insufficient energy to escape through the mesh
holes will return to the target surface very close to the point
from which they were emitted. It is important to note that,
although a large fraction of the collected secondary electrons
may reach the collector cylinder through the holes of the
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Fig. 8b. Barrier grid for reducing electron redistribution.

mesh, the barrier grid acts as the effective collector in de-
termining the equilibrium potential of the target elements
since it tends to prevent secondary electrons from leaving
the target if the surface becomes positive with respect to the
grid.

In addition to preventing redistribution, the barrier grid
serves to prevent coplanar grid effects at the target surface,
i.e., the tendency of a target element which has acquired a
large negative charge to prevent the leaving of secondary
electrons from or landing of primary electrons on adjacent
elements during scanning.



PART 11

DEFINITIONS

The discussion in Part III covering the dynamic processes

in storage tubes is based on the following definitions.8 These
definitions are primarily concerned with charge-controlled
storage tubes. Definitions relating to other storage processes
in computers are given in the IRE Standards on Electron
Computers; Definition of Terms, 1950 (Proc. IRE 39, March,
1951, 271-2177). T

1.

Storage Tube (General). An electron tube into which in-
formation can be introduced and then extracted at a later
time.

Storage Tube (Charge-Controlled). A storage tube in

which information is retained by means of static electric

charges. Such charges are generally retained on a homo-
geneous insulating surface or on an array of discrete in-
sulated (metallic or nonmetallic) areas. '

Storage Element. The smallest portion of the target which

can be distinguished in the output signal from other dif-

ferently charged portions under specified writing and
reading conditions.

Writing. The action of establishing a charge pattern cor-

responding to the input signal. This may also be referred

to as storing.

Maximum Writing Speed (Storage Elements per Second).

The maximum rate at which successive storage elements

can be charged to establish the desired charge pattern

(determined by the output requirements).

a. Where halftones are required in reading, the maxi-
mum writing speed will be determined by the specified
level of output variations, the resolution, and the
amount of signal deterioration (see Definition 17a) in-
troduced in the writing and reading processes.

%1In the formulation of these definitions the suggestions of A. S. J ensen,

F. H. Nicoll, J. A. Rajchman, A. Rose, P. Rudnick, R. Serrell, and espe-
cially those of L. Pensak are gratefully acknowledged.

19
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10.

11.

12.

13.

14.

II. DEFINITIONS

b. In bistable writing, the maximum speed is defined as

the maximum rate at which successive storage ele-
ments can be shifted from one equilibrium potential
to another.

c. In viewing storage tubes employed for oscilloscope
purposes, the maximum speed is defined analogously
to nonstoring oscilloscope tubes as the maximum
rate at which successive storage elements can be
charged to produce a useful visual output.

Reading. The generation of an electrical or visual output

signal corresponding to the stored charge pattern.

Maximum Reading Duration (Seconds). The maximum
uninterrupted time of signal generation under specified
scanning or viewing conditions. This period may depend
on such factors as the required degree of contrast, con-
stancy of halftones, number of distinguishable halftone
levels, resolution, magnitude of output signal, and output
signal-to-noise ratio.

Erasing. The removing of a previously stored charge
pattern with the aid of a controllable process such as
secondary emission, photoconductivity, etc.

Erasing Speed (Storage Elements per Second). The maxi-
mum rate at which storage elements charged in writing
can be discharged to a specified low value.

Retention. The retention of a stored charge pattern for a
period of time, such as by means of target insulation or
holding action, but without writing, reading, or external
circuit regeneration.

Retention Time (Seconds). The maximum time after writ-
ing that may elapse without reading which will permit a
satisfactory electrical or visual signal to be produced.
Holding. The maintaining of the storage elements at their
equilibrium potentials by electron bombardment against
the action of leakage, or the loss or gain of charge due to
the landing of undesired electrons or ions.

Decay. The reduction in magnitude of a stored charge
pattern without writing, reading, erasing, or holding ac-
tion.

Decay Time Constant (Seconds). The decay time for the
stored charge to fall to 1/e of its initial value without
holding action. This time constant is usually a function of
the target insulation.
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15.

16.

11.

18.

Charge Factor (Per Cent). The fraction of the desired
potential shift which is produced at a particular target
element during a single scan with a given writing.beam
current.

Discharge Factor (Per Cent). The fraction of potential

shift of a particular target element from the potential es-

tablished in writing toward equilibrium potential by a

single scan during erasing.

Useful Number of Storage Elements. The maximum num-

ber of storage elements which can be employed for stor-

ing equally spaced ‘‘black’’ and ‘‘white’’ (or on-off) input
signals with a specified deterioration in the output signal.

a. The deterioration of the output signal may manifest
itself by, first, the addition of thermal noise, noise
caused by scattering, or from target irregularities;
or second, changes in the signal shape, due to the
spot sizes and their density distributions, redistribu-
tion, and target leakage.

b. In general, the useful number of elements will be de-
pendent on the required number of distinguishable
output levels of each element.

Resolvable Number of Storage Elements. The maximum
number of storage elements which can be employed for
storing equally spaced ‘‘black’’ and ‘‘white’’ (or on-off)
input signals which will produce a resolvable? visual or
electrical output. This number is equal to the product of
the number of resolvable scanning lines and the number
of resolvable elements per line.

9A detailed description and evaluation of the effect of spot size on resolu-

tion in television systems is given by O. H. Schade, ‘“Electro-Optical Charac-
teristics of Television Systems,’’ RCA Rev., IX, 1948.



PART III

METHODS OF WRITING
AND READING

A. WRITING METHODS

The purpose of writing is to establish a desired charge
pattern on the storage surface. This process usually consists
of two steps: (a) charging the entire target surface, usually
by secondary emission, to a uniform potential equal or close
to the equilibrium potential Veq (frequently accomplished in
the process of erasing or as a result of continuous reading);
and (b) adding or subtracting charges from the target surface
in a pattern corresponding to the input signal. Since each in-
sulated target element comprises a miniature condenser be-
tween its front surface and the backplate, the process of es-
tablishing a charge pattern can be considered as a capacity-
charging action.

The first step, charging the target to a uniform potential,
may be accomplished either by flooding the entire target sur-
face with primary electrons or by scanning the target ele-
ments with an unmodulated beam. The second step, the writing
as such, can be accomplished in a number of ways as de-
scribed below.

1. Equilibrium Writing

In one form of equilibrium writing (described below as
cathode modulation) the direct-current potential of the elec-
tron-gun cathode is set at a value below V1 or above Viro
so that the target elements when bombarded assume an equi-
librium potential on either the sloping portion a-b or d-e of
the equilibrium curve of Fig. 3. The target is then scanned by
the primary beam, and voltage variations are applied to the
cathode, which cause the corresponding target elements to
assume new equilibrium potentials along one of these lines in
accordance with the input signal.

In another form of equilibrium writing (backplate or col-
lector modulation) the cathode potential of the electron gun is

22
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set at a value above V1 and voltage variations are applied
to the backplatel0 or collectorl! so that the potential Vi be-
tween the target surface and collector will vary as the target
is scanned by the unmodulated primary beam.12 At the mo-
ment of bombardment, the surface of each target element will
then be maintained at the equilibrium potential by the charg-
ing action of the beam against the action of the instantaneous
backplate or collector voltage. As a result, each element will
acquire a net charge such that after scanning it will have a
potential (with respect to Veq) equall3 and opposite to the in-
stantaneous potential variations Vy; applied to the target sur-
face during scanning.

In practice, when the cathode potential Vi is between V¢t
and V.r9, this form of equilibrium writing requires a barrier
grid spaced close to the target surface, as indicated in Fig. 8b,
to prevent the landing of redistribution electrons on the target
surface (see Part I-J). If a barrier grid is not employed, the
redistribution charges acquired by the elements may com-

10When the input signal is applied to the backplate, a large fraction of the
voltage will usually appear at the target surface by capacitive action, since
the capacity between the backplate and front surface of the target is general-
ly large compared with the capacity of the front surface to the other tube
electrodes.

11 Actually, in this type of writing, a barrier grid (which is the effective
collector) is usually provided near the storage surface, in addition to a col-
lector cylinder such as electrode G as shown in Fig. 1. The signal is then
applied either to the backplate or barrier grid (see, for example, Part IV-C).
Since modulation of the effective collector (barrier grid) causes correspond-
ing shifts in the potential difference Vi between the cathode and effective
collector, shifting of the equilibrium potential must be taken into account
when V) exceeds V¢pa.

121f the target surface is composed of photoemissive elements, writing
may be accomplished by scanning the target with a light beam instead of an
electron beam while modulating the backplate (or barrier grid collector). In
this case, as discussed in Part I-G, the target elements will tend to shift to
a photoemission equilibrium level a few volts positive with respect to the
collector. The target potential V¢ with respect to the collector may then be
varied only in the negative direction by the input signal, since the photo-
emission process can shift the target elements only in the positive direction.

131In operation it may not always be possible or practical to provide suf-
-ficient beam current to shift each target element completely to the equilib-
rium potential. This difficulty is increased by the fact that, as the target
elements approach the equilibrium potential, 6, approaches unity (seq Fig. 6),
and the rate of potential shift of the target elements is slowed. In practice,
however, the target elements can acquire potentials which are a substantial
fraction of the input signals.
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pletely mask the charge pattern intended to be stored (Ref. 37).
As indicated in Part III-A-4, the redistribution effect, al-
though undesirable for equilibrium writing, can be employed
as the basis for a different type of writing, namely, redistri-
bution writing.

2. Bistable Writing with the Aid of a Holding Beam

When the individual target elements are not required to
assume more than two possible potentials (yes-and-no or
black-and-white operation) and the reading duration and re-
tention time are required to be very long, writing may be ac-
complished by means of a writing beam and an auxiliary
holding beam. The holding-beam action is based on the fact
that, if the cathode of this beam is operated at a potential
greater than Vo1 with respect to collector (see Fig. 4), a
target element bombarded by this beam will shift to an equi-
librium potential either on the portion of the equilibrium
curve c-d-e, or to a point on the dashed line b-c¢’. The parti-
cular potential which a target element assumes will depend
on the potential it first acquires as a result of bombardment
by the writing beam.

If, as a result of the writing-beam action alone, the target
element acquires a potential with respect to the holding beam
such that it falls on a point above the line V. = V¢pp of
Fig. 4, subsequent bombardment by the holcP ing beam will
shift it to the line c-d-e, whereas, if the target element ac-
quires a potential such that it falls below the line V,,. = V.1,
the holding beam will shift it to the dashed linel4 b-¢’. Bi-
stable writing may also be accomplished if a particular ele-
ment is simultaneously bombarded by the writing beam and
the holding beam. In this case, the writing-beam current must
be sufficiently large compared to the holding-beam current so
that the potential shift produced by the writing beam predoml-
nates.

If, as a result of the writing-beam and holding-beam ac-
tion, all the target elements have been shifted to one or the
other of the two equilibrium potentials, subsequent shifts in
the potentials of the elements, due to leakage or removal of a

410 practice, the holding beam may either scan the target elements se-
quentially or flood them simultaneously. It may also bombard the target
either during the time of scanning by the writing beam or after.



A. WRITING METHODS 25

fraction of the charge by reading, may be restored. This is
accomplished by the secondary-emission action of the holding
-beam, which tends to shift the target elements to the initial
equilibrium potentials existing before the leakage or reading
action. The ability of the holding beam to provide indefinitely
long reading time under proper conditions is of considerable
practical value, making this type of writing desirable in many
cases despite the lack of resolution and the absence of half-
tones (Part III-D).

Since the holding beam tends to maintain all the elements
of the target at either of two potentials that may differ by ap-
proximately 50 volts or more, the gradient across the bound-
ary between elements of different potential will be corres-
pondingly high and leakage will occur through the target. In
general, for such high gradients the potential boundaries will
tend to shift under the action of the holding beam, especially if
the target surface is homogeneous. These boundary shifts will
manifest themselves by a continuous growth of the areas at
holding-gun cathode potential at the expense of the areas at
approximately collector potential, or vice versa.

The shifting of the potential boundaries can be reduced or
prevented by employing a target whose surface is covered
with a mosaic of conducting particles or islands which are
sufficiently small so that each storage element includes a
number of these particles. In this case, the potentials assumed
by the individual particles in writing will tend to remain un-
changed by leakage to the surrounding areas, since the leak-
age currents to the edge of a particle will be replenished by
the secondary-emission action of the holding beam over the
entire area of the conducting particle. In the case of a homo-
geneous target without a mosaic, however, any leakage cur-
rent across a potential boundary can only be compensated for
by the action of the holding beam at the actual boundary itself,
since the target insulation prevents the flow of currents to the
boundary from adjacent areas which are also under the hold-
ing beam.

3. Nonequilibrium Writing

This type of writing, accomplished either by secondary-
emission or photoemission action, involves two steps: (a) ad-
justing the electrode potentials so that the point of operation
on Fig. 4 is shifted off the secondary-emission equilibrium
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curve or a photoemission equilibrium level (depending on
which of these processes is employed for writing); and (b) al-
lowing each element to shift a controlled amount by secondary
emission or photoemission toward the equilibrium level in
accordance with the input signal.

If secondary-emission action is employed, step (a), shifting
off the equilibrium curve, is achieved by either changing Vift,
i.e., shifting the backplate or collector potential, or shifting
the potential of the cathode Vi, making use of either of the
sloping portions of the equilibrium curve. For step (b), the pri-
mary current striking each target element is modulated by
the input signal so that each element is allowed to shift to-
ward the equilibrium potential by a controlled amount. In
practice, modulation of the primary current may be accom-
plished in several ways. If the target is scanned by the writ-
ing beam, the primary current striking the individual elements
may be modulated by applying signal voltage variations to the
primary-current control grid, assuming the scanning velocity
to be constant; or the input signal may be applied to the de-
flection circuits so that the instantaneous rate of scanning of
the target elements varies in accordance with the signal, thus
causing variations in the time of bombardment of the succes-
sive elements by the constant-current beam (Refs. 50, 95).
For the nonscanning case, step (b) may be accomplished by al-
lowing an extended pattern of primary currents to fall on the
target surface, such as from an image photosurface (e.g., as
in the Image Orthicon, Part VII-B-2).

If photoemission action is employed for writing, shifting
off the equilibrium level, step (a), is similarly accomplished
by changing the potential Vy¢ of the target surface with respect
to the collector, i.e., shifting either the backplate or collector
potential. Since, as mentioned in Part I-G, the elements can
only charge positive by photoemission, the potential shift of
step (a) mustbe in the direetion such that the target surface is
made negative with respect to the collector. Step (b) is then
achieved by allowing a controlled amount of light to strike
each target element so that its potential shifts by a corres-
ponding amount toward the equilibrium level. The light strik-
ing the elements may be in the form of a pattern or picture
focused on the surface of the target (e.g., as in the Orthicon,
Part VII-A-2), or it may be in the form of a modulated beam
which scans the element sequentially.
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Although not usual, nonequilibrium writing may also be
accomplished by scanning the target with an unmodulated
electron beam of low current under the condition 6¢ >1 and
applying the input signals to the backplate (Ref. 46). In this
case the input signal voltages, assumed to be small, cause
the potential of the target surface to acquire instantaneous
values along the sloping portion B-C-D of the 6, curve of
Fig. 6. Because of the very.low primary current, each ele-
ment will not be shifted to the equilibrium potential Veq when
bombarded, but will acquire or lose a net amount of electrons
proportional to the variations in 6 from its equilibrium value
of unity.

4. Redistribution Writing

For targets which do not have a barrier grid, redistribu-
tion generally interferes with the writing process (see Part I-J).
However, redistribution can also be usefully employed for
writing. If the target surface is approximately at collector po-
tential, such writing can be accomplished by (1) bombarding
the target elements with primary electrons from a cathode
whose potential is between V¢p1 and Verg or (2) illuminating
them with light if the elements are photoemissive.

In case 1, the bombarded elements tend to lose electrons
by secondary emission, since the bombardment is under the
condition 6¢> 1. However, because of the lack of accelerating
field between target and collector, a large fraction of the sec-
ondary electrons will return to other target elements by re-
distribution (see Part I-J). If a controlled amount of primary
current is allowed to strike each element (as, for example,
when the writing beam consists of a pattern of currents from
an extended photocathode), the net effects of the secondary
emission and redistribution will be to cause the elements
bombarded with the greatest amount of current to charge
most positive and the elements bombarded with less current
to be shifted less positive or possibly negative (see, e.g.,
Refs. 72, 77).

In case 2, where the target elements are photoemissive
(Ref. 94), redistribution writing may be accomplished by fo-
cusing a pattern of light on the target surface. Although the
illuminated elements tend to lose electrons by photoemission,
a large fraction of the photoelectrons will be returned to other
target elements by redistribution, as in the case of secondary



28 III. WRITING AND READING

emission because of the lack of an accelerating field. In simi-
lar manner the net effect of photoemission and redistribution
will cause those elements receiving the most light to charge
most positive and those elements receiving less light to charge
-less positive or possibly negative.

In general the magnitude of the potential variations estab-
lished on the target surface by redistribution writing is rela-
tively small, not exceeding a few volts. On the one hand the
maximum positive potential of the elements is set by either
the secondary-emission equilibrium potential or the photo-
emission equilibrium potential, both of which are only a few
volts positive with respect to the collector; on the other hand,
the minimum potential is set by the redistribution level which
is only a few volts negative.

Redistribution writing may also be accomplished by scan-
ning the target elements sequentially with a modulated primary
beam or light beam. In one form of such writing (Part VI-A),
writing is performed by modulating the primary current with
a dot and dash signal, thus producing a corresponding redis-
tribution charge pattern.

5. Induced-Conductivity Writing

(Electron Bombardment or Light)

Before writing by this method, it is assumed that the tar-
get surface is shifted to a common equilibrium potential (usu-
ally collector potential), while the backplate is maintained at
a voltage different from the equilibrium potential. As a result,
a uniform potential difference will exist between the front and
back surfaces of the insulating target and each of the elemen-
tary target condensers will be equally charged.

Writing may now be accomplished by causing the conduc-
tivity of each target element to increase by a controlled amount
so that the front surface of the target will shift to varrying de-
grees toward the backplate potential. The conductivity of the
target elements can be controlled by either of the two methods
that follow.

a. Bombardment-Conductivity Writing. If the target is thin
(approximately 0.5 micron) and a high-velocity writing
beam is used (10,000 volts, for example), primary elec-
trons will penetrate the insulating target, causing bom-
bardment conductivity at the corresponding elements (see
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Part I-1). By controlling the number of primary electrons
striking each element (either by scanning the target with a
current-modulated primary beam or by focusing an ex-
tended pattern of primary currents on the target from an
auxiliary photoemitting surface), a pattern of charges or
potential variations can be established on the target sur-
face.

b. Photoconductivity Writing. If the target is composed of a
thin layer of photoconductive material, incident light on
the surface will cause the conductivity to increase at the
elements which are illuminated (see Part I-H). By con-
trolling the amount of incident light at each element (such
as by focusing an optical image on the surface), a pattern
of charges or potential variations can also be established
on the target surface.

6. Methods of Applying the Input

Signals During Writing

In practice, writing is accomplished by modulation of
the control-grid voltage, deflection voltage or current, cath-
ode voltage, collector voltage, backplate voltage, or modula-
tion of the light falling on the target if it is photoemissive or
photoconductive. These types of modulation are illustrated in
Fig. 9 where a single-beam charge-controlled storage tube
with its basic elements is shown.

The following types of modulation are thus possible for

writing:
Primary-current modulation
Scanning-velocity modulation
Cathode-voltage modulation !5
Collector-voltage modulation
Backplate-voltage modulation
Light-intensity modulation

It should be noted that, whereas the modulations of a, b,
and f regulate charging of the target elements by control of
the number of incident primary electrons or photons, the

moRoe o

I5Since by definition, cathode-voltage modulation is meant to exclude
simultaneous primary-current control-grid modulation, a coupling condens-
er, indicated in dashed lines between the cathode and control grid of Fig. 9,
may be employed when cathode modulation is used.
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Fig. 9. Methods of applying input signals to a storage tube.

A, accelerating anode; C, control grid; D, deflection plates; G,
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P, backplate; T, target; V., control-grid bias voltage; V, cath-
ode bias voltage.

modulations of d and e regulate charging of the target ele-
ments by control of the number of secondary electrons leaving
the target as a result of controlling the field between target
surface and coflector. The modulation of ¢ regulates charging
by changing the secondary-emission ratio 6, (operation above
the second crossover potential V¢r2), or the reflection of pri-
mary electrons (operation below the first crossover potential
Verl)-

B. READING METHODS

The process of reading is basically one of obtaining out-
put currents corresponding to the charge stored in writing on
each of the target elements. In general, three methods may be
employed for reading as described below.
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1. Capacity-Discharge Reading

This method of reading is based on the fact that each tar-
get element, between its front and back surface, is a minia-
ture condenser. As indicated in Fig. 10, the target is shown
divided by the dashed lines into its effective capacitive ele-
ments (each of which is approximately equal in area to the
cross section of the primary beam).

If, in the writing process, a charge pattern was established
on the front surface of the target elements, the corresponding
elementary condensers will be charged to varying degrees. In
reading, these elements are scanned by an unmodulated pri-
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Backplate elements output

Fig. 10. Capacity-discharge reading system.

S

mary beam so that they tend to shift toward the equilibrium
potential Veq when bombarded.The amount of potential shift
each element undergoes will depend on the beam current and
the value of 6¢ for each element. As a result of scanning by
the reading beam, capacity-discharge currents corresponding
to the potential shifts of the target elements will be produced
in the backplatel6 circuit. At the same time, current varia-
tions of opposite polarity will result in the collector circuit,
since the instantaneous collected current i; is equal to the
difference between the primary current (which is unmodu-

16 Capacity-discharge reading systems sometimes do not employ a back-
plate (such as indicated in Fig. 9). An example of this is the Image Orthicon,
where the writing beam establishes the charge pattern on one side of the
insulating target and the reading beam capacitively ‘‘neutralizes’’ these
charges from the opposite side. In such an arrangement the reading signal

is obtained from the collector-current variations.
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lated) and the instantaneous capacitive target current. By in-
serting a resistor either between the backplate or collector
and ground, output voltage variations may be obtained cor-
responding to the initial input writing signal.

In capacity-discharge reading, the beam current may be
sufficient to shift each of the target elements to the equilibri-
um potential in a single scan, or it may be set at a smaller
value so that the elements are shifted only a portion of the
way toward equilibrium in one scan. In the latter case an out-
put signal can be obtained for a number of scans (copies) be-
fore all the elements are shifted to the equilibrium potential.
(The choice of reading-beam current will also affect the gen-
eration of halftones, as discussed in Part III-D. For example,
sufficient beam current to discharge the target elements in
one scan will produce linear halftones, whereas lower beam
currents will produce nonlinear or no halftones.)

In general, the beam current needed in reading to shift
the target elements the required amount toward the equilibri-
um potential depends on the capacity of the individual target
elements. This capacity will similarly determine the amount
of beam current required in writing. For a given insulating
material, the target thickness is usually in the range of 0.5
to 100 microns, depending on the required target capacity.
The choice of target capacity is based on a number of factors.
If, for example, large output currents are required in read-
ing, it is necessary to have a high-capacity target for storing
large quantities of charge. If the charge pattern is established
by equilibrium writing with backplate-voltage modulation, it
is desirable that the loading of the target on the input ampli-
fier be small, necessitating a small capacity between back-
plate and barrier grid, i.e., a thick target. If bombardment-
induced conductivity is used for writing, the target must be
sufficiently thin (approximately 1 micron or less) to allow
penetration by the primary beam, resulting in a relatively
high target capacity.

In capacity-discharge reading as described above it is
assumed that no redistribution effects are present (see Part
1-J).17 If redistribution exists, it will reduce the magnitude

17Although undesirable in capacity-discharge reading, the redistribution
effect plays a definite role in producing the output signal as described below
under redistribution reading.
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as well as cause distortion of the output signal. Redistribution
effects may be prevented by employing a barrier grid such as
indicated in Fig. 8b. If a barrier grid is not used, redistribu-
tion may also be prevented by applying a potential shift to the
backplate or collector so that the target element potentials
are all substantially negative with respect to the collector and
by not allowing the elements to shift positive to a point close
to the collector potential in reading. By such means the ac-
celerating field at each target element can be made sufficient-
ly strong to prevent redistribution.

2. Redistribution Reading

This type of reading is usually carried out while the input
signals are applied simultaneously to the target by redistri-
bution writing, as, for example, in the Iconoscope. The target-
potential variations established in writing are small and are
in the neighborhood of the collector potential. As in capacity-
discharge reading, the target is scanned by the unmodulated
reading beam under the condition 6 > 1, and the output signal
is obtained from the backplate or collector electrode.

In order to explain the generation of the output signal, it
is convenient to consider first the target during scanning by
the reading beam before writing signals have been applied.
During this scanning, each target element will periodically
undergo a positive shift at the moment of bombardment and
gradually shift negative by an equal and opposite amount as it
acquires redistribution electrons between successive times
of bombardment. A typical curve of the potential of a target
element with time is indicated by the solid line a-b-c-d in
Fig. 11a. Since the reading-beam current is usually low in
such writing (a fraction of a microampere, for example) the
target elements will generally not be shifted sufficiently posi-
tive to reach the equilibrium potential Veq when bombarded.

If now, during scanning by the reading beam, potential
variations caused by redistribution writing (involving photo-
emission, for example, as in the Iconoscope) are superim-
posed on the target potentials, the individual elements will
have new potentials such as indicated by the dotted lines a’-b’-
c¢’-d’ and a”-b”-c”-d” of Fig. 11a, depending on whether they
lost or gained electrons respectively in the writing process.
Nevertheless, despite the loss or gain of electrons by an ele-
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ment in writing, its positive potential shift when bombarded
will be approximately the same, i.e., the lines b-c, b’-c’, and
b”-c” are approximately equal in Fig. 11a (Ref. 37).

During bombardment of each element by the reading beam,
a large fraction of the secondary electrons will return to the
target surface as a whole by redistribution. However, the
number of electrons which escape to the collector will depend
on the potential of the element under bombardment (Ref. 37).
For example, if the element had acquired a slightly positive
charge in writing, such as indicated by the line a’-b’~c’-d’ of
Fig. 11a, fewer secondaries would reach the collector and
more redistribution electrons return to the target as a whole
when the element was bombarded. The opposite would be the
case if the element had acquired a negative charge such as
indicated by the line a”-b”-c”-d”. (Since the potential variations
of the target are assumed to be very small, each element can
be considered to have the same value of 6¢.) As a result of
scanning by the reading beam, collector current and capaci-
tative current variations through the target will arise because
of potential variations such as b-b’ (Fig. 11a) on successive
target elements, thus producing an output signal at either of
the two electrodes.

The curves of Fig. 11a assume that the writing signal
(light pattern) is maintained continuously during reading and
that the primary current is low. If the writing signal is not
maintained, the continuous landing of redistribution electrons
on all the elements will gradually reduce the potential differ-
ences. In practice, a reading signal may be obtained for sev-
eral scans after the writing signal has been cut off.

If higher beam currents are employed in reading, each
element will be shifted to the equilibrium potential Veq When
bombarded, as in capacity-discharge reading, regardless of
the potential variations acquired in writing. This condition is
indicated in Fig. 11b, where the solid line a-b-c-d indicates
the potential with respect to time of an element before writ-
ing, and the dotted lines a-b’-c-d’ and a-b”-c-d” represent
the potentials of elements which acquire positive and negative
charges respectively under continuous writing action.

3. Grid-Control Reading

In this type of reading the local electrostatic fields at the
target, produced by the charges established in writing, control
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(a) the amount of reading-beam current passing through tar-
get holes, (b) the currents emitted from the target surface, or
(c) the deflection of primary electrons as they are being re-
flected at the target surface. In all these cases the modulation
of the reading beam is not dependent on the landing of reading
electrons on the insulated target elements as in capacity-dis-
charge or redistribution reading. Although limited by target

+Vy
a' c
a \\ €\ \
a \\ c"[\\ AN
AN W A\ TIME
< AY X <
\\ \\\\ \\ \\\\ .\\ \\\\
N3 ~—4b NS —~——dd N ——-
~< b ~< d ~<
—-—— b S——g” ~—
@)
_v"

+Vn

(b)

_v"

Fig. 11. Instantaneous target-element potentials, Vg, as a result
of redistribution reading.
(a). Scanning with low-beam current.
(b). Scanning with high-beam current.
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leakage and the landing of ions, grid-control reading is thus
suitable for reading where output signals are required for
relatively long periods of time.

Grid-control reading can be accomplished either by scan-
ning the target with a focused beam or by flooding all the ele-
ments with electrons or light. For the production of time-
varying output signals the target elements are scanned, where-
as for the production of a visual picture the target is either
scanned or flooded with the reading beam and the resulting
pattern of reading currents made visible on a phosphor sur-
face.

The three different methods of grid-control reading are
described below.

a. Transmission Modulation. In this reading method the
target is constructed of a metal mesh or perforated conduct-
ing plate with insulating material surrounding the holes on
either the reading gun side (Fig. 12a and Ref. 52a) or the op-
posite surface (Ref. 49). From previous writing, a pattern of
charges is assumed to have been established on the insulating
elements, producing corresponding electrostatic fields in the
neighborhood of the target holes. In the reading operation, the
potential of the reading-gun cathode is adjusted so that the
reading-beam electrons have low velocity as they approach
the target surface. The electrostatic fields produced by the
stored charges are thus able to control, by coplanar grid ac-
tion, the number of electrons penetrating each target hole and
the corresponding number reflected. The resulting variations
in the reading-beam currents which emerge from the target
holes constitute the output signal. This form of reading is
generally accomplished with the insulating elements suffi-
ciently negative so that none of the reading-beam electrons
are able to land on them. (See Parts IV-A-2 and V-B for ex-
amples of this type of reading.)

b. Emission Modulation. In this method (Refs. 42, 52, 57),
the reading-beam currents originate at conducting elements
on the target surface as a result of photoemission (see Fig.
12b), thermal emission, or secondary emission. Between the
conducting elements on the target surface are insulated ele-
ments assumed to be charged from previous writing. As in
transmission modulation, the stored charges produce local
electrostatic fields at the target surface which, in this case,
control the number of electrons leaving the individual con-
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ducting elements of the target. The insulated elements here
also are charged to potentials negative with respect to the
conducting area of the target so that none of the emitted elec-
trons are able to land on them. (See Parts V-A-1-a, V-A-
1-b, and VII-B-4.)

c. Reflection Modulation. In one form of such reading (see
Fig. 12c) a thin insulating target is provided with a close-
spaced metallic mesh on one side, and a charge pattern is es-
tablished by the writing gun on the opposite side. The cathode
potential of the reading gun is adjusted so that primary elec-
trons approach a given element on the mesh side of the target
with very low velocity. The insulating elements are sufficient-
ly negative, with respect to the target mesh, that the reading-
beam electrons are unable to land on them. The reading elec-
trons are thus either deflected to the target mesh, or partially °
or wholly reflected back to the collector, depending on the
.amount of negative charge stored on the back side of the cor-
responding target element. By scanning the target with the
reading beam, time-varying output currents to the target
mesh are produced (and also opposite polarity current varia-
tions to the collector mesh) in accordance with the stored
charge pattern (Ref. 90). ‘

In another form of reflection modulation, without a target
mesh (Part VII- B-3), all the reading-beam electrons are re-
flected at the target surface and directed back to the reading
gun, where a special collector is provided. Because of the
variations in the deflection of the reading beam at the target
as it undergoes reflection, the trajectories of the returning
electrons are correspondingly modulated. These variations in
the trajectories in turn cause variations in the number of
electrons landing on the special collector as successive tar-
get elements are scanned.

C. ERASING AND DECAY

The removal of a stored charge pattern may be accom-
plished in two ways: either allowing the charges to decay as a
result of leakage of the insulated target elements; or by eras-
ing them as, for example, by secondary-emission action.
When capacity.discharge reading systems are employed,
erasing by secondary-emission action is always involved dur-
ing reading, since the output signals are obtained from the
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discharge of the target elements themselves. At the same
time, decay of the stored charges may also be a factor assist-
ing in the charge removal.

When grid-control reading systems are employed, the
reading process, as such, generally does not erase the stored
charges by secondary-emission action. In this case, the decay
of the charges by leakage and gas ions are the only erasing
actions during the reading.process. If the decay in this case
is not sufficiently rapid or uniform, it is necessary to resort
to secondary-emission action to assistin removing the charges.
It is also frequently possible to erase a charge pattern by
writing over it if equilibrium writing is employed, since in
such writing the target elements will shift to the new poten-
tials regardless of their previous charge.l8 It is understood,
of course, that all the previously charged elements must be
rescanned if erasure of the entire pattern is to be accom-
plished.

The decay time is determined in general by the leakage of
the target material and the number of gas ions in the tube.
Except insofar as these two conditions can be varied by fac-
tors such as the temperature of the insulating target or the
residual pressure of the storage tube respectively, the decay
time is fixed. The erasing time, however, may be varied with-
in limits, by adjusting the current of the erasing beam or its
cathode voltage. In a capacity-discharge reading system where
reading and erasing are carried on simultaneously, such cur-
rent adjustment will control the reading time as well (since
the reading time is approximately equal to the erasing time)
and also the magnitude of the output signal.

D. HALFTONES

In general, if the output signal or reading current corre-
sponding to a particular element is continuously variable as a
function of the input voltage or writing signal over a substan-

18 This is generally true except for the case of equilibrium writing by
cathode modulation where the direct-current potential of the writing beam
cathode is less than V). Here, since the target elements assume potentials
equal to the writing-beam cathode, rewriting can only be accomplished if an
element is to be shifted to a new potential which is more negative. If the in-
stantaneous potential of the writing-beam cathode is made more positive than
the existing potential on an element, primary electrons will be unable to land
on that element.
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tial range, it is possible to employ a storage tube for halftone
signals. Whether or not the halftones in the output are linear
with respect to those in the input will depend on (a) the line-
arity with respect to the input signal of the charged stored
during writing on each element, and (b) the linearity of the
output current from a particular element with respect to the
charge stored on that element. These two factors will be dis-
cussed below as ‘‘Halftone Writing’’ and ‘‘Halftone Reading’’
for the various writing and reading methods.

1. Halftone Writing

a. Equilibrium Writing. In this type of writing, the target
element potentials can be varied over a continuous range by
potentials applied to either the cathode, backplate, or collec-
tor, thus resulting in a halftone charge pattern. When the input
signals are applied to the backplate or collector the target
elements will acquire potentials approximately equal in mag-
nitude to the input signals, so that the halftones will be linear.
When the input signals are applied to the cathode, the target
elements will be shifted along either the sloping portion a-b
or d-e of the equilibrium curve of Fig. 3. Since the line a-b
is straight, as is the line d-e with the exception of the curved
.part near d (see Footnote 3, page 4), the target elements will,
in this case, generally acquire linear halftones.

Equilibrium writing is in some respects to be preferred
for the production of linear halftones in that it is to a consid-
erable degree independent of parameters which in other types
of writing must be more carefully controlled, such as the
linearity of beam current as a function of input voltage or the
uniformity of scanning speed when nonequilibrium writing is
employed.

b. Bistable Writing. This type of writing, by its mecha-
nism, is intended to give the individual target elements one of
two equilibrium potentials. However, methods for retaining
halftone information by means of bistable writing have not
been published.

c. Nonequilibrium Writing. Since in this type of writing
the degree of potential shift of a target element is controlled
over a continuous range by the magnitude of the input signal,
a halftone charge pattern can be established. The degree of
halftone linearity, however, will depend (assuming that the
number of primary electrons or light quanta striking each
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target element is proportional to the input signal voltage) on
whether the charging of the target element is proportional to
the number of primary electrons or light quanta.

In particular, if writing is accomplished with a modulated
electron beam, the production of linear halftones requires that
the collected current ratio 6 from each element remain rela-
tively unchanged during the charging of each element in writ-
ing. This can be accomplished if, first, the target surface has
a potential before writing which falls on a flat portion of the
bc curve of Fig. 6 such as to the left of point A or on part
F-G; and, second, the potential shifts of the elements do not
carry them to sloping portions of the curve such as near
points B and D where 6¢ varies rapidly with target potential.
For producing linear halftones when Vf; is positive, it is as-
sumed that redistribution is avoided by the use of a barrier
grid at the target surface.

If modulated light is employed for writing, linearity of
halftones requires that the storage elements always be main-
tained sufficiently negative with respect to the collector so
that all the emitted photoelectrons reach the collector.

If the writing is accomplished by backplate modulation, a
linear halftone charge pattern can be established provided,
first, a very low beam current is used so that none of the
elements are shifted to the equilibrium potential Veq when
bombarded; and, second, the input signals are maintained
sufficiently small so that the target surface potential varia-
tions occur on the relatively linear portion of the 6¢ curve of
Fig. 6 near point C.

d. Redistribution Writing. This type of writing is capable
of producing halftones, but, because of the relatively small
potential variations possible in such writing (see Part III-A-
4), the halftone range is correspondingly small. In practice,
if small writing signals are applied, halftone picture signals
can be produced which are relatively linear (see Part VII-
A-1).

e. Induced-Conductivity Writing. Since the degree of in-
duced conductivity can be controlled by the amount of primary
current or incident light, a halftone charge pattern can be es-
tablished in this type of writing. Although the induced conduc-
tivity is a more or less linear function of primary current or
light, assuming small values, the discharge of the target ele-
ments is an exponential function, e'k(’, of the induced conduc-




42 III. WRITING AND READING

tivity o (the bombarding time and capacity of all elements be-
ing equal). The degree of halftone linearity will therefore de-
pend on how small a portion of the exponential curve is used;
i.e., the variations in the induced conductivity ¢ should be
small, restricting the writing to small signals.

2. Reading Halftones

a. Capacity-Discharge Reading. This type of reading may
be accomplished either with the reading-beam current (1) suf-
ficiently large so that all the stored-potential variations are
removed in a single scan, or (2) the reading-beam current
sufficiently small so that output signals are obtained for a
number of successive scans.

If reading is accomplished under the first condition, the
current variations in the collector or backplate circuits will
be linearly related to the magnitude of the stored charge,
since variations in the rate of removal of the charges consti-
tute the output-current variations.

If reading is accomplished under the second condition,
the production of halftones will depend on which portion of the
6c curve of Fig. 6 the target potentials fall. If the target ele-
ments are charged to potentials which fall near the upper por-
tion of the curve, such as near point A, the collected current
ic will be essentiall constant over a considerable range of
variations of Vg and, as a result, the output will be largely a
black-and-white signal with relatively small amounts of half-
tones. Similarly, potential variations which fall on the curve
near point F, where 6. is also relatively constant, will pro-
duce almost entirely black-and-white output signals.

If, however, the target-potential variations fall on the
sloping portion B-C-D of the 6, curve, variations in the tar-
get-element potentials will cause corresponding variations in
the output current so that halftones will appear in reading.
For potential variations close to point C, where the values of
Vit are small, an essentially linear halftone output can be ob-
tained, since the 6 curve is most linear at this point.

For example, in the Graphechon (Ref. 54), halftones can
be produced if the potential Vgt is less than 10 volts with re-
spect to Veq. For more negative potentials of Vft, black-and-
white output signals are produced.

Because of the gradually changing slope of the curve as it
approaches the point Vff = 0, target elements initially on the
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flat portions (to the left of point A and to the right of point D)
will, after partial discharge in reading with a low-beam cur-
rent, shift to the more sloping portion B-C-D, thus producing
halftones during later scans toward the end of their discharge.

b. Redistribution Reading. This type of reading is capable
of producing halftone output signals which are linear. If very
low beam currents are used so that the elements when bom-
barded do not reach the equilibrium potential Veq, the output
will be linear, since the amount of current i, escaping to the
collector from a particular element is essentially linear as a
function of the target potential (Ref. 37). If higher beam cur-
rents are employed, so that each target element is shifted to
the equilibrium potential Veq in a single scan, the output will
also be linear, since it will be proportional to the amount of
charge gained or lost by each element.

c. Grid-Control Reading. This type of reading, depending
on a negative grid control by means of the charged elements,
is generally capable of providing halftones, since the output-
signal current is continuously variable as a function of the
potential of the control elements. The actual shape of the
curve of output current versus potential on the storage ele-
ments will be a function of the geometry of the target and col-
lector system so that the degree of linearity of halftones in
reading and the range of target element potentials for such
operation will be determined by these factors.

d. Combination of Writing and Reading Methods. Sum-
marizing the above discussion of halftones, under proper
operating conditions any one of the writing methods, with the
exception of bistable writing, may be employed for establish-
ing a halftone charge pattern. Similarly, any one of the read-
ing methods may be employed for obtaining a halftone output
signal, with the exception of the capacity-discharge method,
when the target element potentials fall on the flat portions of
the 6, curve and each element is not completely discharged
in a single scan. If long reading time with halftones is re-
quired, a grid-control reading method must be employed.




PART 1V

SIGNAL-CONVERTER STORAGE TUBES
(ELECTRICAL-ELECTRICAL)

A. PRIMARY-CURRENT-MODULATION TYPES

1. Nonequilibrium Writing — Capacity-Discharge Reading
(Krawinkel, Kronjiger, and Salow, Ref. 53)

Description (Fig. 13). This tube employs one electron gun,
a target constructed of a metal backplate covered with a thin
insulating layer and a collector cylinder. The input signal is
applied to the control grid of the electron gun. The output sig-
nal is obtained from the backplate as a voltage variation
across the output resistor Rg.

Writing. As a result of the scanning process during pre-
vious reading, the surface of the insulating target is assumed
to be at approximately the collector potential. For writing,
the backplate potential is switched from -50 volts (maintained
during reading) to the writing potential of —300 volts. Since the
insulating target is very thin, almost all of this —250-volt
change in potential will appear on the front surface of the in-
sulating target because of the high capacity between its front
and back surfaces compared with the capacity between the
target surface and the collector. The target is now scanned by
the writing beam whose current is modulated by the input sig-
nal.

As indicated in Fig. 13, the cathode potential is maintained
at —1000 volts. Primary electrons will thus strike the target
under the condition 6¢ > 1. The front surfaces of the bom-
barded elements will thus shift their potential positive toward
that of the grounded collector since an accelerating field
exists between target and collector (6, > 1). The target sur-
face will thus acquire a positive charge pattern corresponding
to the input signal, since the writing signals modulate the pri-
mary current striking the individual target elements.

In the above writing process the bombarded storage ele-
ments are allowed to charge positively by only a small frac-
tion of the —250 volts potential difference existing between the

44
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front of the storage surface and the collector. This condition
prevents loss of resolution by providing an adequate acceler-
ating field at the storage surface for the secondary electrons
so that redistribution effects (secondary electrons from a
bombarded storage element landing at another storage ele-
ment instead of at the collector) are reduced.

It
-— ¢ | Signal input

{—)
!

~1000 volts

|
= !
\

Writing
=300 volts =
Reading :t

=50 volts

Fig. 13. Signal-converter storage tube (Krawinkel, Kronjiger,
and Salow).
A, accelerating anode; C, primary current control grid; G, col-
lector; i¢, collected current; ipr, primary current; K, cathode; P,
backplate; Rj, input resistor; R, output resistor; T, insulating

target.

Reading. For reading, the backplate potential is switched
back to —50 volts and the surface is scanned by the unmodu-
lated beam. As a result of writing, the target elements will
now have small varying positive potentials with respect to the
collector. Although the cathode potential is still maintained at
-1000 volts, thus maintaining 6 > 1, the elements, because of
their positive potentials with respect to the collector, will
have values of 6, < 1 so that the action of the primary elec-
trons during reading will be to shift the target-element po-
tentials toward that of the collector. As the target elements
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are scanned in the reading process, the variations in 6, will
cause variations in the current reaching the collector and
corresponding voltage variations across the output resistor
Rg. Since more than one scanning frame (copy) of the storage
pattern is usually desired, the primary current is chosen so
that the target elements are only partially discharged in a
single scan.

Erasing. Since the process of reading as described above
acts to remove the stored charge pattern and at the same
time shift the target surface toward the equilibrium potential
necessary for writing, no erasing procedure is required other
than normal reading of several frames.

Polarity and Halftones. The output polarity of this device
is positive in the sense that an increasing positive input volt-
age will cause an increasing positive output voltage from the
corresponding storage element. This can be seen from the
fact that a positive signal applied to the control grid will in-
crease the primary current, causing a particular target ele-
ment to undergo a positive shift in potential. During the read-
ing process this target element will acquire a net increase in
electrons, thus shifting negative and causing a reduction in
the number of secondaries reaching the collector with a con-
sequent positive output.

Since writing is accomplished with the target surface
always substantially negative with respect to the collector
(points to the left of A, Fig. 6), 6¢ is relatively constant and
a halftone pattern can be established which is linear with re-
spect to the writing-beam current (see Part III-D-1-¢). Dur-
ing reading, the output signals may not be linear since the
target potential variations must be of sufficient magnitude to
provide a signal of more than one output scan, which in turn
requires that the potential variations fall on the nonlinear
portion of the 6, curve of Fig. 6 near point D, for example.

Additional Considerations. As described in Ref. 53, this
tube was operated with the potential switching applied to the
collector. Also, in actual construction, the storage target was
made of a conducting glass with a relatively short decay time
to reduce the erasing time for the purpose of frequency con-
version in television systems.




A. PRIMARY-CURRENT-MODULATION TYPES 47

2. Nonequilibrium Writing— Grid-Control Reading
(Hergenrother and Gardner, Ref. 49)

Description (Fig. 14). This tube employs a storage target,
an electron gun mounted at one end of the tube, and a collector-
reflector electrode adjacent to the target on the opposite side.
The storage target consists of a sheet of fine conducting mesh,
S, coated on the side facing the collector-reflector with an in-
sulating material but with the perforations of the mesh kept
open. Input signals are applied to the control grid of the elec-
tron gun. Output signals are obtained from the collector-re-
flector electrode as voltage variations across the output
resistor R,. (The output may also be viewed directly as a
visual picture, as described in Part V-A-1-c.)

Writing. As a result of scanning during previous erasing,
it is assumed that the insulating surface of the target is uni-
formly charged to —70 volts with respect to the storage mesh.
For writing, the cathode is maintained at —1500 volts and the
storage mesh S is switched to —1200 volts. Because of the
high capacity between the mesh and the surface of the insu-
lating material, the potential of the surface will be —1270
volts, i.e., =70 volts with respect to the mesh. Input signals
are now applied to the control grid of the electron gun as the
target is scanned by the primary beam. Primary electrons
incident at the holes of the storage mesh will pass through
them but will be reflected in the space between the collector-
reflector electrode and the storage target, since the potential
of the collector-reflector, —1800 volts, is more negative than
that of the electron-gun cathode. Because of the relatively
short distance of travel, the reflected electrons will strike
the insulating elements at points very close to the target holes
from which they initially emerged. Since the reflected elec-
trons striking the insulating surface will have 230 volts ener-
gy, they will bombard the surface under the condition 6o > 1.
The insulated elements will thus tend to charge positive to-
ward the potential of the storage mesh, which in this case acts
as the collector. Since the primary current is modulated by
the input signal, the amount of positive potential shift of each
target element will be controlled as the storage surface is
scanned and a pattern of potential variations will be estab-
lished on the insulator.

Reading. For reading, the collector-reflector electrode
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*Used only for visual output (see Part V-A-1-c).
Fig. 14. Signal-converter storage tube (Hergenrother and Gardner).

A, accelerating anode; C, primary current control grid; CR,
collector-reflector (open mesh if phosphor V is used);G, collector
anode; ipry primary current; K, cathode; M, anode screen; P,
transparent supporting insulator; Rj, input resistor; Ry, output
resistor; S, target mesh; T, insulating target coating; V, viewing
phosphor.

is switched to —1300 volts, the storage mesh switched to —1450
volts, for example, and the target scanned with the unmodu-
lated primary beam. Under these conditions, the insulating
elements will have potentials in the region between —1520 and
—1450 volts (those elements uncharged in writing being still
—70 volts with respect to the target mesh S and thus below gun-
cathode potential, and the charged elements being less nega-
tive or above gun-cathode potential). Because of the negative
charges on the insulating elements, decelerating fields of
varying magnitudes will exist in the space adjacent to the
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target on the insulating side. As a result, the number of pri-
mary electrons (whose energy at the target mesh is 50 volts),
which will penetrate the target holes will depend on the
amount of negative charge stored on the corresponding insu-
lating elements. Those electrons which prenetrate the target
holes will be accelerated to the collector-reflector, produc-
ing current variations at this electrode and corresponding
voltage variations across the output resistor Rg as the target
is scanned.

Erasing. For erasing, the collector-reflector is switched
to —1800 volts, the storage mesh switched to —1430 volts, for
example, and the target scanned with the unmodulated primary
beam. Under these conditions, it is assumed that the primary
electrons (whose energy at the target mesh S is now 70 volts)
will have sufficient energy to pass through the holes of the
mesh, but, because of the decelerating field in the space be-
tween the reflector-collector and the storage surface, they
will be reflected, striking the insulating elements. Since it is
also assumed that the primary electrons strike the insulating
elements under the condition 6o < 1 because of the low bom-
barding energy, all the elements will be shifted to the poten-
tial of the electron-gun cathode.

Polarity and Halftones. The output polarity of this device
is negative in the sense that a more positive input signal volt-
age causes a more negative output signal voltage from the
corresponding storage element. Since the more positive input
signals increase the primary current in writing, the corre-
sponding target elements will be charged more positive. As a
result, more primary electrons will be capable of passing
through the corresponding target holes to the collector-re-
flector in reading, producing a more negative output across
Ro.

By means of the nonequilibrium writing employed, a half-
tone charge pattern can be established in writing. This pat-
tern, in turn, is capable of producing a halftone output signal
because of the grid-control reading method.

Additional Considerations. The decay time of the charge
pattern established in writing (reading beam cutoff) may be
many hours, controlled by the resistivity of the insulating
material used. Although during continuous reading the posi-
tive ions generated by the reading beam will gradually dimin-
ish the potential of the more negative insulating elements, as
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many as 25,000 readings can be made before any substantial
reduction in the charge pattern is noted.

In order to obtain a small spot size, the primary beam is
accelerated to 1500 volts energy and maintained at this poten-
tial in the anode region. To minimize defocusing when the
beam is decelerated to the potential of the storage mesh, an
anode screen, M, is provided close to the storage mesh so
that the decelerating space is very short.

Because of the necessity for switching the potential of the
reflector-collector between writing and reading, these two
processes cannot be accomplished simultaneously regardless
of the fact that only one gun is employed.

In addition to the writing process described above where
the conducting storage mesh is maintained above the cathode
potential by a value greater than the first crossover potential
Veri of the storage material, writing can also be accom-
plished by maintaining the storage mesh below V;r1 so that
the bombarded elements are shifted negative. In this case the
output polarity will be positive.

3. Induced-Conductivity Writing

Capacity-Discharge Reading (Graphechon)
(Pensak, Refs. 17, 54, 55)

Description (Fig. 15). This tube employs a writing gun
mounted at one end of the tube, a reading gun mounted at the
opposite end, a thin insulating target between them, and a
collector cylinder surrounding the target. The target consists
of a sheet of thin insulating material, such as magnesium
fluoride, approximately 0.5 micron thick, evaporated onto one
side of a thin aluminum foil which is supported on a fine me-
tallic mesh having a high electron transmission. The writing
gun, facing the aluminum-covered side of the target, is oper-
ated with a high negative potential so that electrons from it
have sufficient energy to pass through the foil, causing in-
duced conductivity in the insulator. The input signal is applied
to the control grid of the writing gun. The output signal is ob-
tained from the backplate as a voltage variation across the
output resistor Rgy. Simultaneous writing and reading can be
accomplished by means of the two guns.

Writing. As a result of the scanning process during pre-
vious reading, the insulating surface of the target is as$imed
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Fig. 15. Signal-converter storage tube (Graphechon).

A, accelerating anodes; C, writing-gun control grid; G, col-
lector; ig, collected current,; ip,., primary current; K;, reading-
gun cathode; Ky, writing-gun cathode; M, target-supporting mesh;
P, backplate (aluminum foil); Rj, input resistor; Rq, output re-
sistor; T, insulating target.

to be approximately at collector potential. Since the aluminum
foil on the opposite side of the target is always maintained at
about —50 volts, a potential difference of 50 volts will have
been established between the front surface of the insulating
target and the back. Writing is accomplished by scanning the
target with the writing beam whose current is modulated by
the input signal. Since the cathode potential of the writing gun
is sufficiently negative, —10,000 volts, for example, primary
electrons from the writing beam will penetrate the aluminum
foil and the insulating layer. The resulting bombardment-
induced conductivity in the insulating target elements will
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lower the potential of their front surfaces by varying degrees
to that of the —50-volt aluminum backplate. The front surface
of the insulating target will thus acquire a pattern of potential
variations between 0 and -50 volts. -

Reading. Reading is accomplished by scanning the target
surface with the unmodulated reading beam. Since the cathode
of the reading gun is operated at approximately —1000 volts,
there will be little effects from bombardment-induced con-
ductivity, and all the target elements, by secondary-emission
action (65 > 1), will shift their potentials acquired during
writing toward that of the collector. As the elements are se-
quentially charged positive during this process, a correspond-
ing capacity current to the backplate will arise, producing a
signal voltage across the output resistor Ro. By adjusting the
current in the reading beam, the reading time can be varied
from a few seconds to about a minute.

Erasing. Since the process of reading as described above
acts to remove the stored charge pattern and at the same
time bring the target surface to the equilibrium potential
necessary for writing, no erasing procedure is required other
than normal reading.

Polarity and Halftones. The output polarity of this device
is positive in the sense that a more positive input signal volt-
age will cause a more positive voltage in the output from the
corresponding storage element. This follows from the fact
that a positive signal applied to the writing-gun control grid
will increase the primary current, thus lowering the potential
of the target elements by increasing the bombardment-induced
conductivity. During reading, the potential of these elements
will be shifted positive, thus capacitively producing a positive
voltage across the output resistor.

The output signal will contain halftones (assuming that
they have been established during writing), only if the target
elements have potentials Vgt such that the potential difference
Vit — Veq is small, for example, between 0 and -10 volts. In
this voltage range the target elements will have potentials
falling on the sloping portion of the 6 curve in the range B-C
of Fig. 6. As a result, the collected current i, and also the
capacitive current to the output resistor will be more or less
proportional to the potential of the target elements. If the
elements are more negative with respect to Veq than about
—10 volts, they will fall on the relatively flat portion of the
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6¢ curve, near point A, so that poor or no halftones will be
observed in the output unless the reading-beam current is
sufficiently large to bring each element to equilibrium in a
single scan.

Additional Considerations. When the tube is employed for
simultaneous writing and reading, it is necessary to prevent
the writing-beam current modulations from generating a sig-
nal directly in the output. This may be accomplished by in-
tensity-modulating the reading beam at a frequency such as
30 megacycles, well above the maximum frequency contained
in the input writing signal. As a result, the desired output will
be an amplitude-modulated 30-megacycle signal, which can
be separated from the lower-frequency components produced
by the writing beam and rectified to produce the desired
reading signal.

The maximum number of scanning frames (copies) ob-
tainable during reading depends on the magnitude of the volt-
age variations established on the target during writing and
the minimum reading-beam current which may be employed
without the amplifier noise becoming appreciable with re-
spect to the output signal. In practice, if the target is scanned
in a typical television manner, approximately 1000 copies can
be obtained.

4. Bistable Writing— Capacity-Discharge Reading

(‘‘Memory Tube”’)
(Haeff, Ref. 48)

Description (Fig. 16). This tube employs a thin insulating
target, a writing gun, a reading gun, a holding gun, and a fine-
mesh collector grid near the target surface. The input signal
is applied to the control grid of the writing gun. The output
signal is obtained from the collector grid as a voltage varia-
tion across the output resistor Rg. (The output may also be
obtained as a visual picture, as described in Part V-A-3.)
With the aid of the holding beam, a pattern of stored charges,
once established on the target surface, will be maintained in-
definitely despite the removal of a portion of them by reading
or leakage. By means of the separate writing and reading
guns, simultaneous writing and reading can be accomplished.

Writing. In this device, the writing signal shifts the de-
sired elements from one equilibrium potential to the other,
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Fig. 16. Signal-converter storage tube (Memory Tube).

A, accelerating anodes; C, writing-gun control grid; G, col-
lector cylinder; iprv primary current; Ky, holding-gun cathode;
K}, reading-gun cathode; Ky,, writing-gun cathode; M, collector
grid; P, transparent supporting insulator; Rj, input resistor; R,
output resistor; T, insulating target (phosphor if used for visual
output).

as discussed in Part III-A-2 under Bistable Writing. The
charge pattern established in writing may have either one or
two polarities. In one form of this writing called ‘‘white-on-
black’’ writing, all the elements are initially at the cathode
potential of the holding gun, —75 volts, for example, with re-
spect to the collector, and the action of the writing beam to-
gether with that of the holding beam is to shift the potential of
the desired elements positive to approximately the collector
potential. In the other form of this writing, called ‘‘black-on-
white’’ writing, all the elements are initially at approximately
the collector potential, and the action of the writing beam to-
gether with that of the holding beam is to shift the potential of
the desired elements negative to the holding-beam cathode
potential. In either case the cathode voltage of the holding
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beam mustbe greater than the first crossover potential Vcry

(assumed here to be 50 volts) of the target material.
Although, as indicated in Fig. 16, the holding beam is

shown as flooding all the target elements simultaneously, the

holding action may also be accomplished by scanning the ele-
ments during or after writing. However, if the holding and
writing beams bombard the target elements simultaneously,
it is necessary that the writing-beam current be sufficiently
high with respect to the holding-beam current so that in shift-
ing the target-element potentials it can overcome the second-
ary-emission action of the holding beam.

1. White-on-Black Writing. In this case the writing beam
must shift the target elements positive. This is accom-
plished by operating the writing-gun cathode at a potential
such as —-600 volts, as indicated in Fig. 16. The target
elements, initially at —75 volts, will thus be bombarded by
primary electrons with 525 volts energy and charge to-
ward the collector potential, since ¢ > 1. The writing-
beam current, however, must be sufficiently large so that,
in the scanning time allowed, it will shift the elements
positive by an amount greater than V.1 with respect to
the holding-gun cathode. If this condition exists, the hold-
ing beam will assist the writing beam in shifting the cor-
responding target elements positive and will maintain
them at collector potential after writing (see Part III-A-2).
By applying the input signal to the control grid of the elec-
tron gun, the desired elements will be shifted positive and
a potential pattern will be established on the target surface.

2. Black-on-White Writing. In this case the writing beam
must shift the target elements negative. This is accom-
plished by operating with the writing-gun cathode at a po-
tential of —40 volts, as indicated in Fig. 16. The target
elements, initially at approximately collector potential,
will thus be bombarded by primary electrons with 40 volts
energy and charge toward the cathode potential of the
writing gun, since 6¢ < 1. The writing-beam current must
also in this case be sufficiently high so that in the scan-
ning time allowed it will shift the desired elements nega-
tive to a potential less than the amount V.1 above that of
the holding-gun cathode. The holding beam will thus assist
the writing beam in shifting the corresponding target ele-
ments and maintaining them at the holding-gun cathode
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potential. By applying the input signal to the control grid
of the writing gun as the target is scanned by the writing
beam, the desired elements can be shifted negative and a
potential pattern can be established on the target surface.
Reading. Since as a result of previous writing the target
elements are neither at the cathode potential of the holding
gun (—75 votes) or at approximately the collector potential
(0 volts), an output reading signal can be obtained by scanning
the target with a reading beam whose cathode is sufficiently
negative, —1000 volts, for example, so that all the elements
will be bombarded by primary electrons with a secondary-
emission ratio of 6¢ > 1. Under this condition, those target
elements at approximately collector potential will have a
value of 6o = 1, whereas those elements at —75 volts will
have a value of 6 > 1. As a result, a signal will be produced
across the output resistor Ry by the current variations to the
collector grid. Since the capacity-discharge action of this
reading process causes the negatively charged elements to
discharge, it is necessary that the reading-beam current be
sufficiently small so that none of the negative elements will
be shifted positive beyond the point where they have potentials
greater than V1 with respect to the holding-gun cathode. If
this occurs, the holding beam will shift the negative elements
to collector potential, thus erasing the stored charge pattern.
Erasing. For erasing, all the target elements must be
shifted to the common potential assumed before writing, i.e.,
cathode potential of the holding gun (=75 volts) if ‘‘white-on-
black’’ writing is used, or approximately collector potential
(0 volts) if ‘‘black-on-white’’ writing is used. For ‘‘white-on-
black’’ writing, erasing can be accomplished by flooding or
scanning all the target elements with the holding beam but
with the cathode potential of the holding gun reduced from its
value of —-75 volts to a value below V¢r1, such as —40 volts.
All the target elements at collector potential will now be
bombarded with primary electrons such that 6 < 1 and will
shift their potentials to the —40-volt cathode potential. Shift-
ing the holding-gun cathode once again to —75 volts will now
bring the —40-volt target elements to —75 volts, since they
will again be bombarded with primaries under the condition
0e < 1. Erasing may also be accomplished for ‘‘white-on-
black’’ writing by scanning all the target elements with the
writing beam but switching the potential of the writing gun to
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that employed during writing ‘‘black-on-white,’’ since in this
condition the elements will be shifted to the cathode potential
of the holding gun as desired.

For ‘‘black-on-white’’ writing, erasing can be accom-
plished by scanning the target elements with the reading beam
but with the holding gun cut off. In this case the negative tar-
get elements will be shifted to the collector potential by the
capacity-discharge action of the reading beam if the reading
process is allowed to continue. If desired, erasing can also
be accomplished by shifting the potential of the writing-gun
cathode to that employed in writing ‘‘white-on-black’’ and
scanning the target elements, since this will shift the poten-
tial of all the target elements to the collector potential.

Polarity and Halftones. For ‘‘white-on-black’’ writing
the output polarity is positive in the sense that a positive sig-
nal input voltage causes a positive output voltage from the
corresponding storage element. This results from the fact
that a positive input signal shifts the corresponding target
elements in the positive direction to the collector potential.
During reading, these elements have a value of 6 = 1 while
the negative areas have a value of 6o > 1, so that fewer sec-
ondary electrons reach the collector from these elements,
producing a corresponding positive output voltage across Rg.
For ‘‘black-on-white’’ writing the output polarity is negative,
since the same relationships apply in reading except that a
positive signal input voltage shifts the corresponding target
elements negative instead of positive.

As discussed in Part III-D-1, a halftone charge pattern
cannot be established by the type of writing employed in this
tube, and consequently no halftone output signals can be ob-
tained.

Additional Considerations. Since separate writing and
reading guns are employed, both the writing and reading
operations may be accomplished simultaneously, provided
that the secondary currents in the output from the writing
action are separated from those generated by the reading
action. This can be achieved by the same method employed
in the case of the Graphechon tube (Part IV-A-3), by modu-
lating the reading-beam current at a high frequency and
separating the signals in the output.

Since the potential of the ‘‘black’’ elements in a stored
charge pattern is relatively large (75 volts as described
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above) these target elements may be shifted in potential by
substantial amounts during each reading scan and thus pro-
duce a large output signal as compared to other signal-con-
verter storage tubes where the potential shift in reading may
be only several volts. Since the holding gun beam acts to re-
store the writing pattern, a relatively large output signal can
be obtained continuously.

In operation, the cathode potential of the holding gun must
not be made too negative since a correspondingly large poten-
tial difference will exist between the ‘‘black’’ elements (at
holding-gun-cathode potential) and the ‘‘white’’ elements (at
collector potential). If this potential difference is too large,
the resulting potential gradients between elements will cause
the more positive (’’white’’) areas to spread over the entire
target surface.

In general, from the standpoint of resolution, it is de-
sirable to employ ‘‘white-on-black’’ writing, since in this
form of writing a higher writing-beam electron velocity is
employed, which enables better focusing of the writing beam.

B. CATHODE-VOLTAGE-MODULATION TYPES

Equilibrium Writing— Grid-Control Reading
(Knoll and Randmer, Ref. 52)

Description (Fig. 17). This tube employs a two-sided
target, a collector cylinder, and a writing gun on one side of
the target and a reading gun on the opposite side. The target
is constructed of a thin aluminum foil which may be supported
by a fine-mesh grid and whose side facing the writing gun is
covered with a mosaic of tiny insulating particles such as
magnesium oxide. Input signals are applied to the cathode of
the writing gun. Output signals are obtained from the alumi-
num foil (backplate) as voltage variations across the output
resistor Rp. With the aid of separate writing and reading
guns, guns, simultaneous writing and reading can be accom-
plished.

Writing. As a result of the scanning process during pre-
vious erasing, the mosaic of insulated particles is assumed
to be at approximately the potential of the target foil which
is maintained at —100 volts. For writing, the target is scanned
by the writing beam while the input signals are applied to the
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cathode of the writing gun. Since the direct-current bias of

the writing-gun cathode is maintained at —4020 volts and the
second crossover potential Vo2 of the insulating particles is
assumed to be 4000 volts, the bombarded element will shift to
an equilibrium potential, Veq, on the sloping portion d-e of

the equilibrium curve of Fig. 3 (assuming sufficient beam cur-
rent). Because of the modulation of the writing-gun-cathode
voltage by the input signal, the bombarded target element will

Writing

gun . ! .
{ |—— Signal input

K Ri
A
= : Erase
| (-1000 VOW
' Write

(=110 volts) —

)
lipr
I
/

= Signal output

—100 volts

-———
M

Reading gun I— KA
—15,000 voits

Fig. 17. Signal-converter storage tube (Knoll and Randmer).

A, accelerating anodes; G, collector; iy, primary current;
ic, collected current; Ky, reading-gun cathode; Ky, writing-gun
cathode; P, backplate (aluminum foil); Rj, input resistor; R,
output resistor; T, insulating mosaic.
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thus acquire corresponding variations in potential along the
line d-e. These variations, however, will be superimposed on
the negative potential which the target element would acquire
when scanned in the absence of an input signal. If, for example,
the slope of the d-e of Fig. 3 were 45 degrees and it were en-
tirely linear, the pattern of potential variations established in
the target in writing would be superimposed on a —20-volt
level.

Reading. Reading is accomplished by scanning the target
with the unmodulated reading beam. The potential of the read-
ing-gun cathode (-15,000 volts, for example) is assumed to be
such that the primary electrons striking the target will have
sufficient energy to penetrate almost the entire thickness of
the thin aluminum foil. As a result, secondary electrons will
be emitted not only from the side of the foil facing the reading
gun but also from the opposite side which is covered with the
insulating mosaic. The secondary electrons emitted from the
mosaic side of the target foil (a large fraction of which have
energies less than several volts) must pass between the insu-
lated particles in order to reach the collector. Since the in-
sulated particles are charged to varying degrees negative
with respect to the backplate, they act as control grids, cre-
ating a decelerating field which varies from element to ele-
ment over the mosaic side of the target surface. As a result,
the value of 6 of the aluminum-foil secondary-emitting
cathode will correspondingly vary as the target is scanned,
and voltage variations will be produced across the output re-
sistor Rg. Since the insulated particles are assumed to be
charged negative with respect to the target foil, secondary
electrons will, in general, be unable to reach them in the
reading process, so that, neglecting leakage and discharge
due to positive ions, reading can be continued for an extended
period.

Erasing. For erasing, all the insulated elements must be
returned to the potential of the target foil. This may be ac-
complished by scanning the target with the writing beam but
with the cathode of the writing gun switched to —1000 volts,
for example, so that primary electrons will now bombard the
storage elements under the condition 6¢ > 1, thus tending to
charge them positive. Although in general a homogeneous in-
sulating target would charge to the collector potential, in this
case the exposed backplate acts as a collector and maintains
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the mosaic particles at the backplate potential. This is due to
the fact that any tendency of the insulated elements to become
positive with respect to the target foil will be counteracted by
secondary electrons from the foil being attracted to the parti-
cles and charging them negatively, and the suppression of co-
planar grid effect of secondaries leaving the particles.
Polarity and Halftones. The output polarity of this device
is positive in the sense that an increasing input voltage will
cause an increase in the output voltage from the correspond-
ing storage element. This is explained by the fact that a posi-
tive input signal applied to the writing gun will cause the cor-
responding storage element to shift more positive, allowing
more secon