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Viewing Storage Tubes

This bulletin surveys the present state of the art on viewing storage tubes.
Basic principles, theoretical operation, constructional techniques, and operating
characteristics are given for several experimental tubes of this type.

Introduction

During the past few years nearly all of the published
work on storage tubes has been on viewing tubes. These
tubes are particularly useful in applications such asradar,
facsimile transmission, oscilloscopy, and telemetering.
Here the need exists for a brightvisual display persisting
foran extended period of time corresponding to information
which has been written in a fraction of a second. In the
past, one attempt to fulfill thisneed wasthe development of
cathode-ray tubes with long persistence phosphors which
permit the observation of a written picture upto several min-
utes, but only in a darkened room.! Another attempt was the
darktrace storage tube? which employs the discoloration
of a potassium chloride screen under electron bombard-
ment and has a relatively long viewing duration. How-
ever, the contrast is too poor, the erasing time too long,
and the life of the screen too short for many applications.

One solution is the combination of a signal-converter
storage tube such as the Graphechon3 or the Metrechon?
with a conventional viewing cathode-ray tube. Such com-
binations are especially valuable where a stored picture
is to be transmitted to several display points at the same
time, since only one signal-converter storage tube is
needed. However, for systems where only one display per
receiver is necessary, a direct-view tube with storage is
obviously preferable since less equipment is required.
For applications where very high brightness is required,
such as in daylight viewing or projection, the viewing
storage tube is of particular advantage, because of its
relatively low viewing-anode potential (less than 10 kv
as compared to more than 50 kv in scanning projéction
tubes). For the same brightness, of course, the viewing
currents of the storage tube are correspondingly higher.

Description of Typical Viewing Storage Tubes

Three types of direct-view storage tubes have been
developed and described in the literature. These differ in
the method of modulation of the viewing beam’, and may
be classified as the emission control type, the bistable

landing velocity control type, and the transmission con-
trol type. The discussion following is concerned only
with transmission control types of tubes since most re-
cent work has been on this form of tube.®7 For this
method of control (Fig. 1) the storage target is con-
structed of a fine mesh metal screen coated on one side
with an insulating material such as silica or magnesium
fluoride. In operation the writing beam produces a pat-
tern of charges on the insulating elements. The resulting
potential variations locally control the transmission of a
flooding viewing beam through the storage target. This
beam is then accelerated toward a luminescent screen,
producing a bright visual image of the stored charge
pattern.
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Fig. 1 — Arrangement for transmission control of flood
beam in a viewing storage tube.

The potential pattern on the controlling storage grid
may be produced by non-equilibrium writing, or bistable
writing (withthe viewing beam used as the holding beam).
Not only secondary emission, but also bombardment-in-
duced conductivity of the storage layer may shift its sur-
face potential. Erasing is also performed by secondary
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emission or bombardment-induced conductivity, using
either the writing beam, the viewing beam, or a special
erasing beam.

Fig. 2 shows the elements of a typical form of such
a viewing storage tube. The writing and erasing beams
are focused at the target and can be deflected. The view-
ing gun produces a flooding beam which covers the entire
target., To insure that the viewing and erasing beam
electrons arrive atthe storage target withnormal incidence
a condenser lens is provided near the storage target, or
the storage target is given a spherical shape.

The three closely-spaced electrodes at the front end
of the tube, the collector grid, the storage grid, and the
luminescent screen, comprise the image amplifier section
where the picture patterns are written, stored and dis-
played, and erased. This group of electrodes, or target
assembly, is referred to as an image amplifier because an
increase in power takes place from the written to the
viewed picture. Since the writing-beam current is at least
10 times less than the viewing-beam current, the power of
the viewed picture is at least 10 times greater than that
of the written picture for equal beam voltages. Because
the stored pattern written in a fraction of a second may be
observed for several minutes, the éam in work during such
long storage is of the order of 10
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Fig. 2 — Elements of a typical viewing storage tube.

A number of different types of viewing storage tubes
have been built, both for direct viewing and for projection.
For direct viewing, several versions (with about 4-inch
target diameter) have been developed, particularly suit-
able for daylight operation in airplanes. One form of tube
is suitable for storage of black-and-white (on-off) pic-
tures.”'8:? Another form is not restricted to black-and-
white operation, but is also capable of producing half-tone
pictures.6’8’9

For larger displays, a 10-inch target diameter half-

Fig. 3 ~ Photograph of an experimental projection storage tube.
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tone tube with a metal cone and wider viewing beam and
deflection angles, has also been built.1® For very high
brightness several types of tubes have been designed.
One of 2Y%-inch screen diameter'! and one of 4-inch
screendiameter, both with curved faceplates, are suitable
for use in projection systems. In the 4-inch tube, non-
uniformity in the viewing-beam background (due to con-
denser lens aberrations) was avoided by using a curved
storage grid and an approximately concentric collector
grid. These reduce the required refractive power of the
condenser lens, thus largely eliminating the spherical
aberrations.

In tubes with flat grids, selective erasure of indi-
vidual target points is difficult unless a complex double
condenser lens is used. Such erasure is made easier,
however, by the use of curved grids in the image amplifier

section.

Fig. 3 shows a photograph of an experimental pro-
jection storage tube which may alsobe used for very bright
direct-view applications. The ion pump and the writing
and erasing guns, which are both parallel to the tube axis,
can be seen in the tube neck. The viewing gun is quite
short and is located coaxially between the writing and
erasing guns.

Electron Transmission Characteristics of The Image
Amplifier System

Before discussing the writing and erasing processes,
the image-amplifier characteristics will be discusseds
These determine the range of potentials on the storage
grid necessary for modulating the viewing beam. In actual
operation the insulating surface of the storage grid has
potentials different from the supporting mesh. However,
since differences of the order of only 10 volts or less
exist with respect to the supporting mesh (which is
slightly positive withrespecttothe viewing gun cathode),
to a first approximation the characteristics of the storage
target with no insulating material can be used as a model
for analysis of the operation. In general, the image-
amplifier section, consisting of the collector grid, the
storage grid, and the anode (supporting the phosphor
screen), together with the viewing-gun cathode comprise
a space charge grid tetrode.!2 The characteristics of
such a system as measured by Rothe and Kleen!3 are
given by Fig. 4. These authors found that the shape of
these characteristics is quite different at high and low
current densities, depending on whether electron optic or
space-charge conditions prevail near the control grid. In
addition, a typical shift of the cut-off voltage takes place
within the electron optic region for different maximum
anode currents. Equations for characteristics of this kind
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Fig. 4 — Characteristics of a space-charge grid tetrode as a
function of anode current (Rothe-Kleen).

of tetrode exist for the space-charge case, showing the
well-known V372 rise. For the electron optic range, use-
ful equations have been developed only forthe case where
the field gradients on both sides of the control grid are
equal‘,13 For the storage tube, however, the gradient on
the collector grid side should be low to minimize the
spherical aberration of the condensei lens. Also the
gradient on the luminescent screen side must be high to
get adequate brightness and resolution and to shift the
control characteristic towards more negative V, potentials.
Because the anode current density in the storage tube is
low (of the order of 10 ,uamp/cmz), and the field gradient
near the control grid holes is high (which presumably
causes an*‘electron optic’’ currentdistribution), character-
istics of the type shown inthe left part of Fig. 4 are found.

In an actual tube the characteristics may be mea-
sured with either current or phosphor screen brightness
as the dependent variable (using a phosphor with a light
output proportional to the incident current). The total
current is only an average of the individual character-
istics for different sections of the target. By using a
photomultiplier which is arranged to ‘‘see’’ only a very
small area of the luminescent screen, the characteristics
of a particular area may be obtained.

Measurements of the characteristics of tubes with
bare gridsare easily made by ordinary methods. However,
for tubes with storage layers, the viewing duration, due to
ion bombardment of the average layer, is too shortfor con-
venient measurements. A more rapid, automatic method
for taking these data consists of applying to the grid a
linear sawtooth of voltage from a motor-driven potenti-
ometer and plotting the brightness or current with an
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electromagnetic recording oscillograph. A sawtooth period
of 10 seconds was found to be a satisfactory compromise
between phosphor decay and limited viewing duration.

In recording such characteristics the insulator sur-
face is first charged uniformily with respect to its back-
plate by secondary emission. The storage mesh is then
switched negative and the sawtooth voltage started. At
the positive excursion of the sawtooth the insulator sur-
face is charged to viewing-cathode surface potential which
is taken as zero insulator potential. During the second
sawtooth a recording is made. By shifting the mesh bias
positive in steps, a family of characteristics can be re-
corded. Actual image amplifier characteristics for dif-
ferent mesh grids without storage layers are shown in
Fig. 5. As expected, there is a close similarity to the
low current density curves of Rothe and Kleen. However,
there is a substantial shift towards positive grid potentials
due to the high amplification factor (1,000 to 10,000) of
the finer mesh in spite of the 20 times larger gradient.
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Fig. 5 — Viewing current characteristics for bare control
grids with different mesh.

As can be seen from the grid current curve, IZ’
storage is possible up to an indicated voltage of +2volts
because the landing current starts only at this high value.
This voltage is the sum of contact potential and cathode
interface voltage drop. One reason for this high value is
that the clean target grid metal is less likely to be con-
taminated by a bariumlayer as occurs frequently in ampli-
fier tubes. Also, since the viewing-cathode current is
nearly independent of the target grid potential, the cathode
interface voltage drop remains high even at low viewing-
screen currents.

Control grids of 400 mesh and even finer are, there-
fore, suitable for image amplifiers, if the anode gradient
is sufficiently high. However, such fine grids may not be
necessary from the standpoint of resolution since a 250-

mesh grid provides adequate resolution for displaying tele-
vision pictures on a 4-inch viewing screen. Extrapolating
to a 12-inch viewing screen, for example, indicates that
an 80-mesh grid would suffice for this purpose. The choice
of type of grid mesh and of hole spacing may depend on
background disturbance, which is separately discussed.

Fig. 6 shows the static characteristics recorded for
a 200-mesh grid where the storage surface and the metallic
mesh supporting it are at the same potential. These
characteristics were measured as described, making the
positive excursion of the sawtooth voltage equal to the
viewing-cathode potential. The curves are plotted only
to 30 pamp sothatthe region near cutoff may be shown in
more detail. Asin the bare grid case, the characteristics
show a typical shiftto the left with rising anode gradient.
From this shift the amplification factor may be determined.

One might assume that the dynamic characteristics
of the image amplifier systems are identical with the grid
characteristics shown in Fig. 6 because only small
voltages are necessary to control the anode current.
Actually, this is not the case because of the action of the
gradient across the storage layer. Since the distance be-
tween the storage layer surface and metal mesh (backplate)
is only a few microns, gradients of 10° volts/cm arise
across the storage layer. For the usual case with the
mesh positive with respect to the storage layer surface,
the action of this gradient near the grid holes shifts the
characteristic towards negative V, potentials, as if the
anode potential had been raised.
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Exs
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Fig. 6 — Viewing current characteristics for a coated control
grid with no gradient across the insulator.

In Fig. 7 a family of such static characteristics is
shown in which the potential difference acrossthe storage
layer (V,, — V, ) is kept constant while the storage sur-



Viewing Storage Tubes

— ;,A
i m
! EE 475 425
oL 14 30
123,
Vo Vas 20
n=400MESH 15kv/em
MgF,, 2 microns
10
DYNAMIC
CHARACTERISTIC
-5 -4 -3 -2 -1 0

STORAGE SURFACE POTENTIAL = V4 - VOLTS (RECORDED)

Fig. 7 — Viewing current characteristics for a coated control
grid with different gradients across the insulator.

face potential, V,, is changed. Comparing Fig. 7 with
Fig. 6 it can be seen that 10 volts change in the surface-
to-mesh potential shifts the characteristics by an amount
corresponding to an increase of anode voltage, V3, of
about 100 percent.

The dynamic characteristic, therefore, must have a
smaller slope than the static characteristic. The maximum
3max’ 1S the intercept of the
static characteristic correspondingto the backplate bias,
with the V,_ = 0 ordinate. Lower I3 values belong to
other static characteristics with successively higher
gradients.

dynamic anode current, I

As an example, the dynamic characteristic for
V,p = 0 is given by the following conditions: V,_ = 0,

Vob = Vas T 05 Vo =1, Vo = Vo =41V, =2,
Vab = Vas = 72 Vyg T =3, Vo = Vo = 35 ete.

LOW POTENTIAL
GRADIENT

COLLECTOR GRID (G,)—~—

INSULATING LAYER
(IF NECESSARY FORX
STORAGE) - A

LENS RASTER GRID (G,)-
(NEAR CATHODE POTENTIAL)

- 7

CONDUCTING
LUMINESCENT SCREEN (G,)
(FINAL IMAGE PLANE) 1

The smaller slope of the dynamic characteristics is
advantageous with respect to the signal-to-distrubance
ratio. Furthermore, the use ofahigher potential difference,
Vs, — Vo, thanactually needed for grid control, presents
a new possibility of shifting the dynamic characteristic to
more negative surface potentials. For a fine mesh grid
this might prevent electron landing, and permit using
smaller anode gradients. For the grids investigated, the
shape of the dynamic characteristics changes only slightly
with increasing V,, -V, _.

Electron Optical Requirements for The
Image Amplifier System

Electron Lens Raster Systems
(Storage Grid Resolution®14)

Forimaging the charge picture (written onthe storage
layer) on the luminescent anode screen with satisfactory
resolution, an electron lens raster is employed.. This is
provided by the storage grid holes, each of which focuses
that portion of the viewing-beam currentpassing through it
into a separate beam and to a single spot on the viewing
screen. Proper focusing of the individual spots is de-
pendent on the geometry and the potentials of the image-
amplifier electrodes.

In Fig. 8 is shown schematically a number of these
miniature lenses, and the elementary beams produced by
them. To avoid loss in resolution due to overlapping of
the elementary beams, their diameter at the luminescent
screen should not exceed the hole distance of the storage
grid. The condition when the spots are tangent to each
other at the screen is defined as the ‘‘tangent dot
condition’’.

HIGH POTENTIAL
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i —F ~—

d

+

| /A,
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Fig. 8 — Beam focusing by electron lens raster system.
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In Fig. 8 the mesh support and the storage layer
are assumed to be at the same potential, V, = 0.
These conditions correspond to highlight conditionsin the
stored picture. At lower light levels, corresponding to
negative potentials on the storage layer, the dots be-
come smaller and more separated. Because the resolution
does not deteriorate in this range, the computations and
experiments for the dot focusing can be based on the case
of a bare storage grid near cathode potential.

Figs. 9a, b, and ¢ show the electron paths* of three
such elementary beams for a bare control grid with cylin-
drical, conical, and biconical holes. Due to the neces-
sarily large difference of the electrical gradients on both
sides of the storage grid (the gradient ratio here was
chosen 2y 30) all electron paths cross the optical axis
within a distance as close as 0.2 to 1 hole diameter from
the surface (gun side) of the storage grid. As a result,
strong spherical aberrations occur, whichlead to a typical
non-uniform beam current distribution on the luminescent
screen (Fig. 10) which may be observed through a micro-
scope (or directly in an enlarged electron optic model) as
a bright dotwith a bright concentric ring superimposed on
a moderately bright uniform backgroundls.

It should also be noted that for the bare grid at
cathode potential the cylindrical holes produce a smaller
elementary spot at the luminescent screen than the coni-
cal or biconical ones which, on the other hand, exhibit a
higher ratio of electron transparency to light transparency
than the cylindrical ones (beams 2 to 5% in Fig.9a as
compared to beams 2 to 7 in Fig. 9b). However, this
difference in spot size becomes smaller if a negative
storage grid potential is applied in the conical hole case
which produces the same electron current to the anode as
the cylindrical holes at zero potential. For picture uni-
formity it is thus necessary that not only the size of the
holes, but also their profile (i.e., conical or cylindrical,
for example) be maintained uniform.

It can be seen from Figs. 9a and 10 that for the
gradients and electrode dimensions chosen, the dots of
the elementary beams are tangent (or overlapping slightly).
In accordance with the electron optic laws of similarity,
this “‘tangent dot condition’’ should also occur:

(a) For other electron lens raster systems, the di-
mensions of which are magnified ordemagnified

*Determined from the field measured in a resistance net-
work model and with the graphical method (Snell’s Law)
by H. Hook and W. Kosonocky. For the electrode con-
figuration in Fig. 9a some of the paths have also been
calculated with a computer. Their crossover distances
from the storage grid differed by less than 13 percent
from the ones found with the graphical method.
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f FOR 44 MESH ORID
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(a) cylindrical hole of bare control grid

[POT TANGENCY UMIT

FOR 44 MESH ORID

AXIS OF SYMMETRY

(b) conical hole

AXIS OF SYMMETARY

(c) bi-conical hole

Fig. 9 — Electron paths of an elementary beam in an electron
lens raster system (ratio of hole radius to grid-phosphor
distance increased by a factor of 8)

in geometrical proportion, the voltages being
the same, or

(b) For identical lens raster systems, if the elec-
trode voltages with respectto viewing-gun catlr
ode are increased or decreased proportionately.

As a result of (b):

VI: V2: v '—‘KI: K2:

stants.

3 1, where Kl and K2 are con-
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Fig. 10 — Current density distribution of an elementary beam
at the phosphor for a cylindrical hole control grid.

Fig. 11 gives the tangent dot characteristics* for
a control grid with 100 etched round holes per linear inch
and 39 percent light transparency for corresponding v,
and V3 voltages. It has been found experimentally that
tangent dot conditions can be obtained for different field
ratios on both sides of the storage grid. By the law of
similarity mentioned above, tangent dot conditions would
be expected along straight lines going through the origin.
The measured points are actually found to lie on straight
lines but instead of passing through the origin, such as

+4

-6

-10

Fig. 11 — Tangent dot characteristics for a bare control grid
(etched, 100 round holes per linear inch, 39 percent light
transparency).

*For a detailed explanation, see Ref. 6.

the dotted line, they intersect the V, axis at approxi-
mately 2.5 volts. The reasons for this seems to be:(a)the
contact potential between storage grid and viewing-beam
cathode, and (b) the voltage drop across the oxide coat-
ing of the viewing-beam cathode.

Fig. 12 shows similar experimental characteristics
for a control grid with 200 square holes per linear inch
and 25 percent light transparency. It can be concluded
that with electroformed grids, in spite of the astigmatism
to be expected from the square holes, it is possible to
separate 200 elementary beams per linear inch with final
anode potentials of 10 kv, suitable for bright (daylight
viewed) pictures at the phosphor screen.

The accuracy of the above method of determining
the dot conditions with a microscope can be estimated by
the deviations of the points from the straight lines. Be-
cause of the greater lens errors with square holes (Fig.
12) the accuracy is less for these holes than for the case
of round holes (Fig. 13). As a result of the relatively
small space charge density in the elementary beams such
tangent dot diagrams are independent within wide limits
of the flooding beam current arriving at the target.
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Fig. 12 — Tangent dot characteristics for a bare control grid
(electroformed, 200 square holes per linear inch, 25 percent
light transparency).

In general, the viewing-current characteristic is de-
termined by the ratio of the field strengths on both sides
of the storage target16. The question arises as to what
part of the characteristicis useful within the limitation of
the tangent dot conditions. In Fig. 13 are shown, for
various field strength ratios, experimentally determined
(by varying the collector voltage, V) conditions for cut-
off, tangent dot, and saturation for an etched storage grid
with circular holes and 10 percentlight transmission. As
can be seen, the highest gradient ratio gives a tangent
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dot line which is closest to the saturation line*. In ad-
dition, the saturation currents for a given anode voltage
were found to be correspondingly higher for the higher
gradient ratios. For a given current at the phosphor
screen, the high gradient ratio (low V voltage) requires
the least floodingbeam current arriving at the storage
grid, thus permitting maximum viewing duration because
of the correspondingly smaller ion currents. For example,
an increase of phosphor-screen to flooding-beam current
ratio of 3 was measured for an increase of gradient ratio
from 3.4 to 136 with the system of Fig. 13.

Employing the electron optic law of geometric simi-
larity, one finds reasonable agreement for the tangent dot
characteristics measured for comparable systems such as
in Figs. 11 and 13. In Fig. 11, for example, one has to
insert a virtual anode at a distance of 0.3 (100/44) = 0.68
cm, if its characteristics are applied to an equivalent
system with a 44 hole per inch control grid as shown in
Fig. 13.

In general, higher ratios of phosphor-screen to
flooding-beam current should also be expected with in-

*As indicated, V| was set at different proportions to V
in the lines of Figs. 11, 12, and 13. As shown for each
constant value of V, the cutoff voltage of the viewing
current characteristic decreases with high gradientratios.
However, if V| is kept constant, the cutoff voltage in-
creases with higher gradient ratios, see p. 1498, Ref. 9.

creasing light transparency of the storage grid. Actually,
this ratio was found to be 0.1 for the system of Fig. 13
(10 percent transparency) and 0.3 for the system of Fig.
12 (25 percent transparency).

Concentric nonuniformity patterns of the viewing
beam (due to spherical aberrations of the condenser lens)
progressively disappear as the collector voltage de-
creases or the final anode voltage increases (this effect
seemsto be associated with a displacement of the saddle-
point plane of the lens raster towards the collector grid).
Therefore, for a fixed maximum anode voltage, the high
gradient ratio desirable, as mentioned above, also im-
proves the uniformity of the viewed picture by reducing
the shading.

Flood Beam Condenser Systems

For ideal uniformity of the picture, the flooding
electrons must arrive normal to the surface of the storage
grid; thus, a collimating condenser lens is needed. With
a flat storage grid and a point source of the flood beam,
a single condenser lens close to the collector grid appears
to be the most practical arrangement for a large ratio of
picture diameter to tube diameter (Fig. 14a). One elec-
trode of this lens may be formed by the collector grid, the
other by a conducting wall coating (at viewing gun anode
potential). In such an arrangement, even after careful
collimation, concentric nonuniformities remain which are
mostly caused by spherical aberration of the condenser
lens (as in Fig. 15a); they disappear, however, as the
aperture of the viewing beam is decreased (Fig. 15b).
Similar but asymmetric nonuniformities have been found
due to magnetic poles in the storage or collector grid
frames (Fig. 15c). As mentioned above, both types of
nonuniformity can be reduced by increasing the voltage
gradient on the phosphor side. Thus, for a uniform pic-
ture background, a low collector grid voltage ( < 100
volts) is desirable for flat image amplifiers. On the
other hand, in order to prevent positive ions fromlanding
on the storage grid, the collector grid must be more posi-
tive than any electrode between it and the viewing or
erasing beam cathodes. Also, a higher collector grid
voltage ( > 100 volts) is desirable to obtain optimum gun
voltage for a well-focused erasing beam. As a result,
there must be a compromise between either concentric
nonuniform background or poor erasing beam resolution
for a viewing storage tube with a flat storage target and
a single condenser lens. This system, however, may fre-
quently be tolerated if overall (flooding) erasure with the
viewing beam is used.

A way to make possible reasonably selective era-
sure in a viewing storage tube with a flat image amplifier
is to introduce a double condenser lens (Fig. 14b). This
provides three advantages:
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Fig. 14 — Flood beam condenser systems.

(1) The erasing (and viewing) gun anode voltage
may be as much as 70 percent of the collector
voltage instead of less than 20 percent for the
single condenser lens.

(2) More parallel incidence of the flood beam.

(3) Less space charge defocusing of the erasing
beam in the condenser lens region.

However, although selective erasing is possible with the
double condenser lens, presentdesigns of such low volt-
age erasing guns with a well-focused beam provide only
sufficient current density for slow writing speeds. To a
certain degree, therefore, the same compromise exists be-
tween concentric background patterns and slow or poorly
focused selective erasing for the double condenser lens.

This compromise is much less severe for spherical
image amplifier systems (Fig. 14c). In this case, normal

(a) 10 inch diameter picture with bright-
ness adjusted to emphasize spherical
aberration

(b) 8 inch diameter picture showing de-
crease in spherical aberration from (a)

(c¢) magnetic disturbance (4 inch tube)

Fig. 15 — Non-uniformity due to lack of
incidence of viewing beam at storage
grid.
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incidence can be obtained by simply placing the viewing
beam crossover near the center of curvature of the storage
grid. Thus, only a weak condenser lens is needed for
small corrections of the angle of incidence, and for re-
pelling positive ions which would otherwise land at the
storage target. Because of its position in a region of
small flood beam diameter, such a weak condenser lens
has a very small spherical aberration. Thus it permits
a higher collector voltage (up to 500 volts) and also high-
er voltages forthe anodes in the viewing and erasing guns
that are essential for high brightness (with conventional
guns) and high current density of the erasing beam spot.

Since the viewing beam is not collimated, its dia-
meter at the lens can be considerably smaller than the
lens diameter. Therefore, placing of the condenser lens
nearer to the viewing beam cathode is possible without
increasing the viewing beam angle. By using a smaller
portion of this lens, spherical aberration is further re-
duced and a larger viewing screen may be used for the
same bulb size.

Brightness, Resolution, and Writing Speed

The maximum brightness of the viewed picture is
determined by the current in the viewing beam and the
potential of the final anode or phosphor screen. For
practical purposes, viewing beam currents of about 1ma
are readily obtainable with conventional cathode-ray tube
gun structures.

With such a current flooding a 4-inch-diameter stor-
age target, a brightness of about 300 foot lamberts is ob-
tained with 5 kv on the final anode and about 5000 foot
lamberts with 15 kv. The more than proportionate in-
crease of brightness with anode voltage is due to better
penetration of the aluminum backing and the phosphor
layer. In principle, greater brightness can be obtained
by higher anode voltages. However, breakdown due to
the high gradients between the electrodes limits the vol-
tage which can be used. In addition, phosphor screens
prepared by the techniques used in manufacturing tele-
vision tubes, where practically no gradient is present at
the phosphor surface, are damaged by the phosphor pull-
ing apart in this high gradient application.

Satisfactory phosphor screens can be produced suit-
able for withstanding gradients of the order of 30 kv/cm
by settling a very fine-grained phosphor and rinsing it in
a silicate solution. After baking, the phosphor is firmly
bound to the glass support. (Such a phosphor screen has
an ‘‘egg shell’”’ appearance and can be rubbed lightly
with a finger tip without damage). Then a very thin
collodion film is deposited which permits phosphor par

ticles to protrude through and bond directly to the alu-
minum layer, which is then evaporated on the collodion.
Spark-overs produce a shiny spot on the aluminum, but
no damage to the phosphor screen.

Tubes with 4-inch targets may have storage-screen-
to-anode spacings of 1/8 to 1/4 inch. In general, the use
of tubes with larger target diameters (10 inches for ex-
ample) permit proportionately greater spacing between the
phosphor screen and storage target so that correspondingly
higher phosphor voltages may be employed.

Additional screen brightness can also be obtained
with higher viewing gun currents. Although considerable
increase is possible beyond the 1 ma level, the maximum
size of the gun cross-over which can be tolerated with-
out affecting the normal incidence of the viewing beam
at the storage target has not been determined.

With present storage tubes, the average power dissi-
pated at the storage screen is below that of high-voltage
projection tubes so that higher brightness can be ex-
pected from future storage tubes without exceeding the
power handling capability of the phosphor screen.

One of the primary advantages of the viewing stor-
age tube is the relatively low beam currents required for
writing (approximately 10 to 100 microamperes). Although
only about 2 kv anode potential is used for these guns,
the low beam current permits a resolution of 500 lines on
a 4-inch target. In actual tubes, the resolution of the
viewed picture may be limited by the hole spacing and
geometry of the image amplifier section.

The maximum writing speed, V ax (spot diameters
per second), for a storage layer with a thickness, d
(inches), can be calculated from the secondary writing
current, is (amps), the control potential difference, Vg
(volts), at the storage surface (measured between the
lowest half-tone and the black level) and the storage

element capacity, C, (farads).

Since is t
=C

V e
s

where t is the time for charging one storage element to

voltage, V,

(1)

1 - _ 1g
t

Voax Ve (spots per second)

In the above,

iy = iy, (1-) (8 -1)

s

where ipr is the primary writing beam current, a is the
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fraction of i . absorbed by the collector grid, & is the
secondary emission factor of the storage layer; and

_ (axao'?)
e (4.45) (dg)
where A is the writing spot area, k is the dielectric con-
stant, d is the storage layer thickness.

Fork = 5 (MgF layer), spot diameter 0.03 inch.
(200 lines on 400 mesh storage grid), and d_ = 16 x 1074
mches 4 mlcrons), =5x 10° 12 farads. For i g =100
x 1076 amp, a = 0.5, 3 5 (Vi = 3000 voles), i = (100
X 10'6) (0.5)(5-1) = 2 x 1074 amp and using a value of
VS =0.3 volts (from characteristic for 400 mesh per inch
storage grid), Eq. (1) gives the maximum writing speed:

- (2 x 1074
(0.3) x (5 x 10°12)

= 133 x 108 (spots per
second)

v

Fig. 16 — Photograph of stored single transient of one micro-
second duration (0.1 microsecond rise time).

For a 4-inch target, this corresponds to about 5 cm
per microsecond, or 50 km/sec. In Fig. 16 a single tran-
sient is shown recorded at about this speed on a 4-inch
direct view storage tube, with values of Cor dg,s is, and
V, as indicated above.

Writing speeds atleast one order of magnitude high-
er may be obtained by increasing the thickness, d_, of
the storage layer.

Elimination of Picture Disturbances Originating in
The Image Amplifier Section

For storage grids of viewing tubes, small hole
spacing, accurate spacing between grid and anode, and

sufficient transparency are generally desirable, as well
as high resistivity and proper secondary emission char-
acteristics of the insulator. A high degree of uniformity
of these factors over the target area is very essential.
In the following, considerations and testing methods are
discussed which have been developed for the purpose of
improving this uniformity.

Fine Mesh Metal Grids

Theoretical requirements for uniformity. For mini-
mizing the lens action of the collector grid, it should have
a hole spacing at least as small as the smallest picture
element. In addition, it should also be uniform enough
over picture areas to avoid the superposition ofaback-
ground shadow pattern on the picture. (It should also
have a high transparency to minimize absorption of the
flood beam).

Even stricterrequirements hold for metal grids used
as a base for storage layers. For the purpose of trans-
mission control, such grids are usually operated at po-
tentials near reading beam cathode potential. From the
design of variable-mu amplifier tubes it is known that
under such conditions variations in amplification factor,
M, (for example, variable grid wire spacing) will cause
a decrease of the slope of the anode current characteris-
tic with increasing bias. This decrease is understood to
be a superposition of a number of elementary character-
istics from different grid areas. These local variations
in p are accompanied by simultaneous variations of anode
current in different grid areas for the same grid potential.

In image amplifier systems, the same effect occurs
with regard to random variations of the amplification fac-
tor. The resultant variations in anode current distribution
cannot be tolerated for half-tone reproduction by image
amplifier systems, because they add a nonuniform back-
ground to the pictures to be amplified. However, black-
and-white (on-off) pictures can be obtained with such non-
uniform amplifier systems, by charging the storage grid
either to a high negative potential so that all areas are
cut off or to a very low potential where a relatively high
viewing current is produced and where the percent vari-
ation in viewing current due to variations in y are small.,

An estimate as to the degree of uniformity required
for metal meshes of half-tone image amplifiers may be de-
rived from the equation for the space charge anode-current
characteristic which assumes the existence of a virtual
cathode between storage and accelerator (collector) grid*.

*This condition has not yet been realized in present day
storage tubes; it can be expected to prevail at current
densities of the order of 1 ma/cm? and higher, and is
recognizable by the observed viewing beam characteris-
tic where the slope increases with increasing current
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If we suppose the storage surface to be at the same poten-
tial, V3, as the supporting mesh, it is 1dent1cal with the
equation for the space charge grid tetrode 17

v, + V4 3/2
Ja = 2 Vset? 32 :i 43
1ol (144 %0
H43 d
(D

where cis a constant, d the distance of the virtual cathode
from the storage grid (which increases slightly with J (),

the control grid potential, V, the anode potential, Kg3
the amplification factor, and d , the distance between
anode and storage grid. In this formula, the anode current,
]4, appears as a function of the dimensions of the image
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Fig. 17 - Calculated amplification factor as a func-

tion of image amplifier dimensions.

corresponding approximately to a Vv3/2 curve. At low
current densities (of the order of 0.1 ma/cm2 and be-
low), where electron optic current distribution prevails,
the slope decreases as the current increases. (see Fig.
4) For the equation of this case, which has been pre-
sented so far only in a rather complicated form, see A.
Recknagel, Hochfrequenztechnik and Electroakustik, 51
(1938) p. 66. Note, therefore, that Eq. (1) doesnotrepre-
sentthe characteristics of present viewing storage tubes.

*For example:

amplifier system, which are represented by the amplifica-
tion factor Fegze For its calculation, Ollendorff’s formula '8
is used:

1 _ In 2z + 22 -
H43 2a — 2z2

whete z = 7 xc/s;and a = 7 x d43/s.

Using Eq. (2), Fig. 17 shows the amplification fac-
tor as afunction of the ratio of wire diameter to hole spac-
ing (2c/s), for various ratios of anode distance to hole
spacing (dg;/s). Although Eq. (2) is derived for grids
with parallel round wires, it was found from anode current
characteristics of experimental tubes to give a sufficient
approximation for (., for both etched and electroformed
wire mesh grids*. Due to the fine mesh grid, the amplifi-
cation factors are somewhat higher (> 500) than the ones
in conventional triodes and even in many pentodes, which
means that the denominator in the parenthesis in Eq. (1)
can be replaced by unity.

The amount of variation in dimensions that can be
tolerated can now be estimated. It can be seen from Eq.
(1) thatthese variations produce a maximum percentage of
anode current variation near cutoff (V3 +V4/,LL4 a0
If, for example, a deviation of 15 percent of the highlight
anode current can be tolerated near cutoff, the variations
of 2c and s should not exceed the order of magnitude -of
11 percent for large negative values of the space charge
grid potential V3. From Eq. (1), it can be seen that the
background noise due to non-uniform grid dimensions will
be more apparent in darker large area gray shades than in
brighter ones where it amounts to smaller changes in cur-
rentdensity. As canbe seenfrom Fig. 18, thisisin agree-
ment with observation. As a result, random variations of
the order of only *1 percent or 15 percent, respectively,
are permissible for 2c/s and dy 3/s, for the condition
stated above. This implies rather stringent requirements
for manufacturing as well asfor stretching, mounting, and
testing of grids used in image amplifier tubes. Consider-
ing the fact that for a 500-mesh grid a few percent varia-
tion in grid wire diameter is only of the order of 1 micron,
one may also conclude that for the same number of lines
per target to be resolved, larger image amplifier systems
should have less variable-mu background than smaller
ones.

(a) 500 mesh, electroformed: d /s
10 mm/0.05 mm = 200: 2¢/s =0.01 mm/0.05 mm =0.2

M43 calculated: 2200; observed: 2000. (b) 100 mesh,
etched: d43/s =12; 2c¢/s =0.3; M 43 calculated: 250;
observed 232. Theagreementis probab? due to the larger

cross section of the mesh wires, as compared to the cir-
cularcross section assumed in (2). Note that (2) isvalid
(with an accuracy of 2 percent) up to 2¢/s = 0.4 only, and
the curves between 2c/s =0.4 and 0.6 are extrapolated.



Viewing Storage Tubes

(a) Low viewing beam intensity; Eg2 =— 37.5 volts.
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(b) High viewing beam intensity; Eg2 — 16 volts.

Fig. 18 — Emphasis of background variations in dark areas.

Methods of Manufacturing. Dependingon the method
of manufacturing, woven, etched, or electroformed mesh

grids are in use. In general, they are easily distinguish-
able by the cross section of their wires.

Photoengravingand Etching. This processhas
developed from photogravure where variations in gray shade
of aphotographic image are transferred by a raster to vari-
ations in depth or area of corresponding points on a metal
plate, which is later used for printing.

For producing fine mesh grids, copper or nickel
foils are coated with a ‘‘photoengravers resist’’ paste(e.g.,
albumen, glue and ammonium dichromate) on both sides.
They are then exposed through a raster of opaque dots
with accurate registry of the patterns on both sides.
Whereas this ‘‘resist layer’’ becomes less water soluble
where exposed to light, the dark spots on the metal foil
remain soluble and can be washed off with water. After
drying and baking of the foil, the unprotected spots on the
metal plate are simultaneously etched through from both
sides, e.g., by ferric chloride; or by electrolytic etching,
e.g., with ferric chloride, sodium acid sulfate, or sulfuric
acid.

Although grids up to 1000 mesh per inch have been
made by this methodw, they are usually not manufactured
with more than 100 to 200 mesh per inch for larger diame-
ters, since the thickness required for mechanical reasons
limits their uniformity in contrast to the electroformed
grids described below. On the other hand, they are more
useful where a low transparency (< 40 percent) or larger
hole distances are required.

Mechanical Engraving and Electroplating. In

this procedure??, a glass is coated with a layer of acid

resist; then lines are ruled through the layer with a ruling
engine, and the glass etched for a short time in HF acid
to form grooves in the glass where the lines have been
ruled. This glass master is now prepared for plating by
sputtering metal on it, rubbing it off the surface, and
plating the remaining metal in the grooves to form the
screen. Cu and Ni screens from 200 to 1500 meshes per
inch have been made with a transparency as high as 75
percent (200 mesh), 60 percent (500 mesh), and 50 percent
(1500 mesh). Major advantages of this method are: uni-
formity, high transparency, and very fine mesh.

Methods of Tightening. The classical method of
tightening fine mesh grids in a heavy frame by stretching
it over a sharp edge, and fastening it by clamping or spot
welding, is stillused. Three other methods have been de-
veloped: tightening by heating after welding*, tightening
by differential expansion of mesh and frame after solder-

ing*, or tightening by placing the grid between heated
metal blocks (*‘hot blocking”)ZI. Each of these methods,
if properly applied, allows for tightening of fine mesh
screens within admissible variations of Hog3e If the tube
is to be baked during processing, the expansion coefficient
curve of the support ring as a function of temperature
should be lower than that of the grid mesh. If this is not

* Approximately 900 degrees C for Cu; see H.B. Law, loc.
cit.

*Developed by S.V. Forgue, J.A. Rajchman and P. Rudnick
at RCA Laboratories,Princeton, New Jersey. In this pro-
cess, for example, etched Cu-Ni alloy grids (a = 16x 107°)
have been used successfully with a stainless steel (a =
12 x 10'6) or Inconel frame. Inconel consists of min. 75
percent Ni + Co, 12-15 percentCr, and max. 9 percent Fe.
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(a) Before demagnetizing.

(b) After demagnetizing, showing improved uniformity.

Fig. 19 — Reduction of background patterns by de-
magnetization (control grid uncoated).

the case, during cooling the thin mesh will cool more rapidly
than the frames, thereby overstretching itself, and remain
slack atroom temperature. Generally, insufficient tighten-
ing produces, in tube operation, dark spots for concave,
and white spots for convex wrinkles in the mesh, as seen
at the luminescent anode.

Otherdark large area spots (Fig. 19) may be produced
by slight magnetic poles in the holding frame which de-
flect the low velocity viewing electrons near the storage
grid. The frame is often made of steel, its expansion co-
efficient being suitably smaller than that of Cu or Ni mesh.
A non-magnetic material like Inconel frequently develops,
during the processing cycle of the tube, enough residual

(a) electroformed, 400 mesh
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(c) etched, with poor registration of resist patterns.

Fig. 20 — Magnified pictures of different fine mesh grids

magnetism to produce such distrubances. Satisfactory re-
sults have been obtained using Armco frames, and care-
fully demagnetizing them rather than using ‘‘non-mag-
netic’’ Fe-Ni-Cr alloys where the permeability is low, but
where a complete demagnetization is difficult.
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Testing Methods For Variations in Amplification
Factor. It is known that small size mesh grids such as
are used in the orthicon can be made nearly uniform enough
for television purposes by etching, and adequately uni-
form by electroforming. Such gridshave a thickness of the
order of 25 microns. Forlarger screens (e.g., 4-inch diame-
teras discussed below), a thickness of 5 microns is desir-
able for mechanical strength.

By testing variations in amplification factor of such
grids, it was found that it was notthe difference indimen-
sions from hole to hole (small area differences) but varia-
tions in hole size over larger areas (order of cmz) which
produce the most disturbing variations in mu. As can be
seen from Fig. 20, such variations are difficult to recog-
nize in reflected ortransmitted light under the microscope
and only slightly easier to detect by photographic prints
(Fig. 21). Better qualitative results can be obtained by
observing the transmitted light coming from a uniform
background with the eye. For quantitative measurements,
however, a photoelectric measurement of the light trans-
mission,

T = (100 — A) percent

is necessary. (A is the coefficient of absorption in per-
cent, and proportional to the factor 2 ¢/s given as a func-
tion of the amplification factor Mgs in Fig. 17.

A simple but time-consuming method for measuring
large area variations in light transmission of fine mesh
grids is as follows. The grid is exposed to a light beam,
andits surface scanned step by step by an electron multi-
plier through a narrow (1 mm) aperature mask. as a result,
a map of the lines of constant transmission can be drawn.
It has been found that for etched grids with 100 holes per
inch the large area transmission varies between 30 percent
and 40 percent. With variations in A of *8 percent, the re-
sulting variable-mu background would be intolerable for
half-tone pictures.

A more rapid method for the same purpose uses the

same principle but with automatic scanning of the mesh by
a light beam intercepted with a Nipkow disc*, and auto-

*Developed by H.O. Hook, RCA Lébbratories, Princeton,
N.J. The Niplow disc has 9 holes of 1/8 inch diameter

each.

Fig. 21 — Contact print of etched super-nickel grid (100 holes per linear inch, small scale
non-uniformities).

17
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matic recording. In Fig. 22, an exampleis given for a com-
parisonofa 170-mesh etched grid, and a 400-mesh electro-
formed grid. The recordings on top are taken without a
grid, and are used for calibration of transmission. The
rounded corners of the pulse are due to the finite diameter
of the aperture, and must be deducted from the range of
variations recorded for the grids.
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Fig. 22 — Light transmission of metal grids measured by
g Nipkow scanning method.

The etched grid shows a mean transmission of 34
percent, and variations of 129 percent, corresponding to
variations in mean absorption, A, of *15 percent. It can
be easily recognized from the recordings that the electro-
formed mesh shown is much more uniform than the etched
one. Its average transparency, T _, is 37 percent, and its
variations are 12.5 percent of T, or 1.5 percent of A |
which is ten times less than the variations in A_ found
for the etched grid. This result is typical for the 100
grids* with 100 to 400 holes per linear inch investigated.
One may, therefore, conclude that for 100 to 500 grid
wires per inch, and target diameters of several inches,
large area variations of amplification factor of electro-
formed grids are one order of magnitude smallerthanthose
of etched grids*. This is partly due to the fact that the

*Manufactured by Buckbee Mears Co., St. Paul, Minnesota.

*If the large areanon uniformities due to etchingare caused
.by physical or chemical non-uniformities of the metal (in
ourcase a Cu-Ni alloy)or by the etching agent, or the re-
sist, this ratio may be improved considerably in favor of
the etched grids.

holes of grids etched from two sides are not cylindrical or
prismatic for rectangular holes but exhibit the shape of
two cut cones or two cut pyramids with a thin edge. This
becomes more evident at poor registration of the two
patterns (Fig. 20c). As a result, small variations in dis-
solved material or in thickness produce larger variations
in transmission as compared to electroformed grids.

One may also conclude that, because it is possible
to manufacture electroformed grids with variations in am-
plification factor of the order of *1 percent, image ampli-
fier tubes with screen diameters of 1 to 5 inches may be
built with a sufficiently low variable-mu background pat-
tern, so far as the metal grid support of the storage grid
is concerned. In any case, accurate and rapid testing
methods are necessary to determine the variations in mu
of each individual grid before it is finally mounted in the
image amplifier system.

Storage Layers

General Requirements For Uniformity, Especially of
Secondary Emission. The storage layers applied to the
supporting metal control grid of animage amplifier system
may produce undesired background patterns due to nonuni-
formities in thickness, dielectric constant, secondary
emission, or bombardment induced conductivity. Asan ex-
ample, only requirements of secondary emission will be
discussed.

It should be noted first that undesired background
patterns due to nonuniform secondary emission may be
greatly reduced in the writing process, if equilibrium
writing below the second crossover of the secondary emis-
sion curve, or bistable writing with the aid of a holding
beam are used?2. The same is true for equilibrium eras-
ing processes. The problem of nonuniformity is especially
important for all nonequilibrium writing and erasing opera-
tions of image amplifier systems, which are frequently
used, and for equilibrium writing and erasing above the
second crossover.

Furthermore, in order to limit secondary emission
background patterns to less than 10 percent variation of
charge in the written picture, the current, icoll - ipr’
which charges the storage layer during writing, should
not vary more than 10 percent during writing. As the same
numerical percentage variation in secondary emission
factor, 8, produces smaller variation of the charging cur-
rent at high &’s, the use of insulators with 8’s large with
respect to unity, and operation of the writing beam near
the maximum of the secondary emission curve are advan-
tageous*.

Preparation. The insulating storage layer may be
applied to the metal grid surface by evaporation in a high

*These conditions are also favorable for obtaining a high

writing speed.
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Vg2 = 50 VOLTS Vg, = 40 VOLTS
(a) (b)

Vg2 = 35 VOLTS Vga = 30VOLTS
(c) (d)

ng = 25VOLTS Vg2 = 20 VOLTS
(e) (f)

DARK AREA BELOW, WHITE AREA ABOVE FIRST CROSSOVER

Fig. 23 — Bistable secondary emission patterns (lines of constant first crossover potential) for magnesium fluoride
layer.
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vacuum (usually in a bell jar), by the ethyl-silicate pro-
cess?3, by floating methods?4, or by spraying. Materials
25 5, calcium fluoride26,
7. The thick-
ness of the storage layers range from 0.25 to 100 microns,
the larger values being used mostly for black-and-white
image amplifiers with holding action.

are silica®’, magnesium-fluoride

alumina and crystalline zinc-ortho-silicate?

Testing Methods and Their Results.
uniformities in secondary emission factor, 5, may be de-

Major non-

tected by scanning the storage layer with the writing beam,
and observing the signal received from the supporting
metal grid (**backplate’’), or a collector, with a television
receiver’®, This method is very useful for survey pur-
poses, but its accuracy is generally limited to a few per-
cent change in the secondary emission factor of the insu-

lator2?.

Althoughthis accuracy can be considerably improved
by the use of an auxiliary beam chargingthe storage layer
under a non-equilibrium condition" a more sensitive test-
ing method is possible. In this method, instead of a sec-
ondary emission current pattern, a background equipoten-
tial map is used as a measure for uniformity. This is ac-
complished simply by bombarding the storage layer with
one of the beams at a velocity close to the first or second
crossover potential of the secondary emission curve of the
insulating material. Storage layer areas with a secondary
emission factor smaller or greater than unity will then ap-
pear as black or white areas, respectively, on the lumi-
nescent screen. Because of the bistable nature of this
process, and the image amplification, high sensitivity is
obtained.

First Crossover Background Equipotential
Mapping Using Bistable Writing. For these patterns, one
collimated (viewing) beam of the spray type was employed
in a direct-view storage tube such as shown in Fig. 2.
For writing, the storage layer surface is first completely
discharged (erased) by connecting the storage mesh, G2,
first with the collector grid, Gy, and then switching it to
the spray beam cathode potential. Assume that the center
of the storage grid has a higher first crossover potential
than the edge. If the backplate is then shifted to a posi-
tive potential (with respect to viewing cathode) near the
first crossover potential, the center, which is below first
crossover, is shifted to viewing cathode potential, whereas
the edge, where electrons land above the first crossover,
is shifted to the positive collector potential. Asa result,
the location of the elements of the layer which are ex-
actly at crossover potential is indicated by the borderline
between a bright center area* and a slightly darker region
onthe edge of the screen. This picture, therefore, (appear-

*Because more of the slow electrons in front of the nega-
tive center area aredrawn through the storage grid holes,
as compared to the electrons in the outer positive
area.

20

ingas aweak negative of Fig. 23) givesthe contour of the
bistable 3-pattern for a backplate of 30 volts and represents
aline of constant secondary emission. A much higher con-
trast ratio of this pattern is obtained by ‘‘viewing’’, where
the backplate is again switched to viewing cathode poten-
tial after the bistable pattern has been established.

After this switching, the edge of the storage grid,
being more positively charged than the center, transmits
viewing electrons, whereas the center, being negative,
does not (positive picture of Fig. 23). Other lines of con-
stant crossover potential are obtained by repeating this
process with lower or higher backplate voltages (20 to 50
volts in the examples given in Fig. 23). These patterns
are stable and reproducible. In Fig. 24, they are assembled
to an equipotential map of this particular MgF, coated
storage grid. If the secondary emissionis uniform and the
errors of collimation axially symmetric, these equipoten-
tial contours should form a set of concentric circles, the
potential difference between the edge and the center area
being only a small fraction of the control potential range
on the storage layer (e.g., several volts for a range of 30
volts). Each non-circular shape of the equipotential con-
tours, and each larger range of equipotentials indicates
non-uniformities of secondary emission in corresponding
From Fig. 23, e.g., (if no axially asymmetrical
aberrations of the collimating lens are present) one may
conclude that the center and the edge of the storage grid
exhibit more non-uniformities than the area between them.
Also, it can be seen that the maximum equipotential dif-
ference from which the non-uniformity may be estimated,
is in this map about 20 volts, and is thus much too large.

areas.

A much more uniform secondary emission was ob-
tained if the target during processing was electron bom-

30 vOLTS
25 VOLTS

40 VOLTS
20 VOLTS

35 VOLTS

Fig. 24 — First crossover potential map.

barded only at room temperature and not while hot. In
this case, the maximum equipotential differences of the
S-patterns were found reduced to several volts. Besides,
an interesting effect of an increase of secondary emis-

sion* of MgF , during several hours bombardment has been

*So far, only a decrease of & under electron bombardment

has been reported. One explanation for this increase
would be the disappearance of monatomic gas or vapor
layers absorbed at the surface.
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BEFORE

AFTER FIRST
BOMBARDMENT

AFTER SECOND
BOMBARDMENT

Fig. 25 — Shift in first crossover with bombardment (storage layer sprayed with 31 volt electrons in all cases).

observed (Fig. 25). Before bombardment, there are rela-
tively large dark areas, indicating regions below first
After the first bombardment, there is more
bright area, showing that some of these areas have gone

crossover.

above first crossover. After the second bombardment,
there is still more bright area.

Second Crossover Background Equipotential
Mapping Using Equilibrium Writing. For second crossover
equipotential maps, viewing and writing beams have been
used simultaneously. The storage layer is first completely
discharged, as described for the first crossover equipoten-
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tial maps, and the viewing beamadjusted with the back-
plate near viewing cathode potential, as is necessary for
regular viewing.

After this, the writing beam is adjusted so that
electrons land at the storage surface with an energy which
is slightly below second crossover (2.8 kv for silica, for
example). Then, by increasing the writing beam cathode
voltage step by step, equipotential 5-patterns are obtained.
However, because no bistable holding action is involved,
the equipotential line is more diffuse, and the contrast
ratio smaller than in the first crossover &-patterns (see
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(a) second crossover potential map

(b) second crossover & — pattern written at

3700 volts

(c) stored oscillogram

Fig. 26 — Patterns showing correlation of
non-uniformities in crossover potential and
in writing:

Fig. 26). The equipotential map of second crossovers as
shown in Fig. 26a bears but little resemblance to the
first crossover map of the same target (Fig. 24), indicat-
ing that non-uniformities of secondary emission in surface
or volume can be distinguished31.

Any general conclusions as to the specific influence
of storage layers with irregular &-patterns upon the stored
images must be checked on a larger number of storage
tubes. However, the superposition of a &-background pat-
tern obtained by this method upon an oscillogram written
above second crossover on this silica target can clearly
be seen in Fig. 26b and c. Here, the area where the sec-
ond crossover potential is highest is also the area where
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the written pattern is weakest in the stored image. The
crescent-shaped contour of the é-boundary of Fig. 26b re-
sults mainly from the fact that the writing beam is inclined
at an angle of 15 degrees to the tube axis*.

The degree to which it has been possible to reduce
variable-mu and secondary emission background patterns
in stored half-tone pictures may be judged from Fig. 36.

Storage Surface Potential Shifts During Operation

The processes of writing and erasing depend on po-
tential shifts of the target surface involving the action of
secondary emission. Before discussing these processes
the secondary emission charging processes of an electron-
bombarded insulator will be summarized. In Fig. 27 is
shown an electrode system with an insulating target bom-
barded by an electron beam. The secondary emission
curve of an insulator is shown in Fig. 28 as a function of
the bombarding energy of the electron beam. For an in-
sulating target as in Fig. 27, the surface potential may be
initially arbitrary so that the bombarding energy of the
primary beam is determined by the difference in potential
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Fig. 27 — Typical electrode arrangement for an elec-
tron-bombarded storage target.

*The large difference in second crossover equipotentials
(4.2-2.8 = 1.4 kv) over the storage layer area, therefore,
mainly indicate differencesinsecondary emission due to
different angles of incidence of the writing beam (5 to 25
degrees from the tube axis). For comparison, see, e.g.,
secondary emission and crossover potentialsfor Al as a
function of beam angle of incidence in H. O. Mueller,
Z. F. Physik, 104 (1937) p. 480; in his curves for Al,
changes of angle of incidence between 2 and 25 degrees
produce a 20 percent change in secondary emission.
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between the target surface, V., and electron gun cathode
potential, Vk‘ Also, the secondary electrons emitted from
a bombarded target point, most of which have only a few
volts of energy, can leave the neighborhood of the target
surface only if there is no large decelerating field be-
tween the target and collector. The charging of the sur-
face of an insulatingtarget element is thus dependent upon
the secondary emission ratio, 8, and whether or not the
emitted secondaries are allowed to escape from the target
element.

Assuming an electrode arrangement as
shown in Fig. 27, bombarded insulating target
elements will have equilibrium potentials deter-

mined by the cathode potential of the electron
gun, and the initial surface potential. The loci
of these equilibrium potentilas is indicated by
the heavy lines of Fig. 29. In addition to

the equilibrium potentials, Fig. 29 shows the direction of
charging of an insulating surface with arbitrary initial po-
tential, VT’ bombarded with electrons from a cathode at a
potential, V, . It is thus called the potential shifting dia-
gram. The shape of the equilibrium curves as well as the
reasons for the directions of potential shift are discussed
elsewhere32. For desired potential shifting any point on
the diagram can be chosen by (1) selecting a specific
cathode potential of the bombarding gun, and (2) setting
the potential of the insulating target surface. The second
step may be accomplished by selecting the backplate (or
storage mesh) potential which capacitively sets the stor-
age surface at approximately the same potential. This
can be done by inserting a battery, for example, between
the collector and the backplate as shown in Fig. 27, orby
pulsing, or both.

Se

REFLECTED I~ —f————————
PRIMARY D..
ELECTRONS

Vv

|
|
| |
\ |
1 1
Vcrl Vcr2 pr

Fig. 28 — Typical secondary emission curve: second-

ary emission ratio, 0, as a function of bombarding pri-
mary electron energy, Vp,, at the target.

In the direct-view storage tube (Fig. 2) the storage
target is perforated, unlike the target shown in Fig. 27.
The secondary electrons emitted by such a perforated stor-
age layer may be collected by three different positive elec-
trodes: the collector grid on the gun side of the storage
grid, the supporting mesh, and the luminescent anode.
This arrangement makes equilibrium writing (backplate or
collector modulation) difficult since the storage mesh
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Fig. 29 — General potential shifting diagram.

tends to act not only as a backplate but simultaneously as
a collector due to the close spacing between the insulat-
ing surface and the target mesh. As a result, all of the
writing processes presently employed require modulation
of the writing beam current (non-equilibrium writing).

Three types of operation are possible with present
viewing storage tubes: bistable operation (on-off), bipoten-
tial operation (on-off), and halftone operation. The first
two methods are preferable for telemetering, teleprinting,
certain types of radar, oscilloscopes, and computers; the
third is necessary for television, high quality radar, and
high quality oscilloscope applications. In all three types
of operation, erasure can be accomplished either by eras-
ing all storage elements simultaneously (over all erasure)
or by erasing a few elements separately (spot erasure)33,

Bistable Operation

In this type of operation, a black-and-white or on-off
picture is produced by shifting the storage surface to
either one of two potentials: (a) a potential close to col-
lector potential, corresponding to white levels (level 0 or
1’ in Fig. 30), or (b) viewing gun cathode potential, cor-
responding to black levels (e.g., level 4 in Fig. 30). This
requires the setting of the cutoff of the control character-
istic close to viewing-gun cathode potential. The charac-
teristic is then in the range of storage surface potentials
that are positive with respect to the viewing-gun cathode
potential (Fig: 30). The required vertical position of the
characteristic (V.. ==30to 0 voltsin Fig. 30 as compared
to V.. =-40to -30 volts in Fig. 32) can be provided by:

(1) A relatively high amplification factor (e.g., a
fine storage mesh),
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(2) Alow gradient between storage grid and phosphor,

(3) A high gradient between storage grid and col-
lector,

(4) A small gradient across the storage insulator
(e.g., by operating the storage mesh at lower
positive potentials than it is operated in bipo-
tential or half-tone operation described below).

The writing process in bistable operation is derived
from a bistable (holding) storage mechanism described by
Haeff34 for a viewing storage tube without a control
grid”. For the equilibrium curve a-b-c-d’, a first cross-
over potential of 20 volts is assumed. The 45-degree
“‘shifting divide’’, therefore, intersects the V
this abcissa value. Furthermore, a writing beam cathode
potential, V, , of-3000 volts withrespect tothe collector
is assumed, and a potential of -30 volts for the cathode of
the flood beam, which is identical here with the holding
and viewing beam. For convenience, the equilibrium
curve is shortened between c and d’; states (levels) of the
floating potential, Vo, significant for shifting are indi-
cated by horizontal lines and the shifting steps are indi-
cated by Roman numerals with a sequence according to
operation.

axis at

As an example, suppose that the storage layer po-
tential is close to the equilibrium potential line b-c’. In
this state, the positive ions landing at the storage surface
tend to drive its potential positive (lower arrow) against
the much larger action of the flood beam which tends to
drive the overall potential of the storage surface towards
the line'b-c¢’ (upper arrow). Therefore, the whole target
surface has a uniform negative potential of -30 volts with
respect to the collector; few holding beam electrons land
on it, and practically no electrons arrive, at the lumi-
nescent screen.

In writing, the action is along the line V, =-3000
volts. When the writing beam is switched on (if the elec-
tron density in its spot is larger than the holding beam
density and the writing beam is on long enough) there oc-
curs a transition (I) from level (4) to level (1), establish-
ing a more positive potential at the storage grid surface
by secondary emission. Level (1) may be as high or even
higher than the horizontal branch c-d’ of the equilibrium
potential curve, where the storage surface potential is
about equal to the collector potential. It is only neces-
sary, however, to shift level (1) above the value of V. on
the ‘‘shifting divide’’ at V, =-30 volts (level (2)) since
the hold-view beam will do the rest of the shifting (from
level (1)to level (1)) automatically by secondary emission
(transition (II)). The two arrows indicate the holding ac-
tion which occurs at this level for storage grid areas cor-
responding to white picture areas.
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A white equilibrium potential has now been estab-
lished for all storage grid areas which have been shifted
across the divide by the scanning writing beam, whereas
all other areas remain stable at level (4), producing dark
tones. This bistable condition can be maintained for any
length of time, since the charges on the storage surface
corresponding to black-and-white phosphor areas are con-
stantly renewed by the view-hold beam.

On the right side of Fig. 30, the viewing current
characteristic is shown. Level (4) corresponds approxi-
mately with the cutoff voltage. Due to a low flood beam
voltage, and a low voltage gradient across the storage
layer, a large part of the characteristic extends into posi-
tive values of storage grid surface potential, V, . As a
result, at white equilibrium ‘levels, (1’), the storage grid
surface is at collector potential, and is continuously bom-
barded by flood beam electrons of considerable energy.
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Fig. 30 — Potential shifts for bistable operation.

To avoid high gradients at the edge between white
and black storage elements, potential differences of less
than 100 volts are desirable, limiting the value of V| .
Also to prevent breakdown through the target, V, should
be maintained below a level of 50 volts per micron thick-
ness of the target.

Erasing may be accomplished by pulsing in a posi-
tive direction either the cathode of the flood beam or the
backplate; thus establishing a negative potential on the
storage grid surface by electrons landing duringthe pulse.
Fig. 30 indicates transition from level (1) to level (3).
This potential shift must be sufficient to shift the surface
below potential level (2); from there, the flood beam, by
secondary emission shift (VI), pushes it down to the lower
equilibrium state (level (4)), which completes the write-
hold-view-erase cycle. Maximum erasing speed is ob-
tained if the capacitive shift moves the dark equilibrium
level (1°).

Transition (V) may also be accomplished without
pulsing by a special erasing gun with a cathode voltage,
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which shifts V.. from level (1) to level (3) (Shift V'). For
spot erasing, V, must be less than 2 V_ | otherwise the
erasing beam with its cathode potential below V _ , cannot
push white areas over the potential divide.

In Fig. 31 a picture is shown which was obtained
with a direct-view storage tube after 10 sec. and after 5
hours. The picture was produced by deflection of an as-
tigmatic defocused writing beam. It was found that even
after 24 hours, the original picture pattern remained un-
changed if constant density of theholdingbeam wasmain-
tained.

(a) viewing duration, 10 seconds

(b) viewing duration, 5 hours

Fig. 31 — Picture obtained with bistable operation

The main advantage of bistable operation as de-
scribed is the possiblility of extended viewing, whichis
desirable, for example, in oscillography. Disadvantages,
other than the limitation to black-and-white operation, are
the relatively high bombarding velocity of the holding beam
electrons in white picture areas which reduces the life of
the storage layer (after-images), and the relatively large
potential difference between white and black storage sur-
face areas which deteriorates resolution and limits the
viewing duration. Storage layersof the orderof 10 microns
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are desirable to withstand the potentials required. Fur-
thermore, the maximum writing speed with bistable opera-
tion is considerably less (approximately 103 spots per
sec) than that for non-holding bipotential operation (ap-
proximately 108 spots per sec) since the potential shift
necessary for writing is usually much larger. The erasing
process is slower, not only because of the larger poten-
tial shift, but also (in the case of spot erasing) because
the erasing gun cathode voltage is limited to values less
than V_ .

Bipotential Operation

In this type of operation a black-and-white or on-off
picture is produced by shifting the storage surface to
either one of two potentials: viewing gun cathode poten-
tial, Vk , (corresponding to white levels), or a more neg-
ative potential beyond the cutoff of the storage grid (cor-
responding to black levels). Whereas, in bistable opera-
tion as discussed above, the black level corresponding to
the cutoff of the viewing beam characteristic is set at the
potential of the viewing beam cathode, the black levelin
bipotential operation is set below this level (level (4) of
Fig. 32). Also the range of write-view storage layer po-
tentials in bipotential operation (levels (2) to (4)) is smaller
than the range of potentials in bistable operation (between

Vy = =30 and V. = 0 volts in Fig. 30).

While in bistable operation erasing with a separate
beam can be accomplished only with alow-voltage erasing
gun(<V_,), as previously mentioned, this restriction does
not exist for bipotential operation as shown in Fig. 32
since all levels remain below the “‘shifting divide’’ during
operation. ‘

The positioning of the control characteristic in bi-
potential operation so that it is in the range of potentials
negative with respect to the viewing-gun cathode, V.,
can be achieved by:
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Fig. 32 — Potential shifts for bipotential operation.
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(1) a relatively low amplification factor (e.g., a
coarser storage mesh),

(2) a high gradient between storage grid and phos-
phor,

(3) a low gradient between storage grid and col-
lector,

(4) a considerable gradient across the storage in-
sulator (e.g., by operating the storage mesh at

higher positive potentials).

As in Fig. 30, a writing beam cathode potential of
-3000 volts is assumed, and apotential of -30 volts forthe
cathode of the flood beam in its viewing and holding func-
tion. Assume that initially the entire storage layer is at
a uniform negative potential, indicated by level (4). Be-
cause of the limitation of the erasing pulse voltage (V_ <
V_,1)> the storage grid surface potential (with respect to
viewing gun cathode), V2 , at level (4) (V ) cannot be
larger than V_, (V,,, < Vctl) Thus, dependmg onV_,
and the length of the viewing current characteristic, level
(4) may be considerably more negative thanlevel (3) which
corresponds to the cutoff potential of the characteristic.
Level (4) is therefore called *‘blacker than black’’.

The practical value of using level (4) instead of level
(3) as a black potential level consists inobtaining alonger
viewing duration. During viewing, positive ions produced
by the viewing beamland at the storage surface causing a
continuous positive shift at levels below the equilibrium
line a b ¢’. If level (4) isused as ablack level, consider-
able time will elapse before the ions shift the potential
from this level to the cutoff potential (level (3)). In con-
trastto this, if level (3) is used as a black level any pos-
itive shift from this level will appear immediately as a
gray background, with a reduction of contrast in the picture.
In practice, an increase of viewing duration by a factor of
approximately two has beenobserved when using level (4)
instead of level (3). The increase depends on the ratio of
white to black areas since this ratio determines the amount
of positive ions produced.

The writing process in Fig. 32 is indicated by trans-
ition, I. The potential corresponding to ‘‘white’’ phosphor
area is shifted from level (4) to level (2), which is iden-
tical withthe cathode voltage (V=30 V) of the viewing
beam.

In the left part of Fig. 32, levels (2) and (4) repre-
sent the two potentials atthe storage surface during view-
ing. The potential of level (2) (white) is fixed by equilib-
rium holding to V.. = V| since landing viewing electrons
shift it constantly to more negative and landing ions to
more positive potentials. The potential level (4) is not
fixed because positive ions drive it slowly toward col-
lector potential, during viewing. This shift is not noticed
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insofar as itoccursbeyond the cutoff level (3). However,
for viewing durations greater than 1 minute, continuous,
holding of level (4) may be accomplished by continuous
pulse erasing (see below).

Erasing is accomplished by increasing the velocity
of the electrons landing at the storage surface by an amount
equal to the potential difference between level (2) and (4)
for a length of time which is sufficient to charge the stor-
age surface to its original potential (level (4)). This may
be accomplished by repetitive positive pulses applied to
the storage grid. If rectangular pulses are used their am-
plitude must be less thanV_, to avoid crossing of the po-
tential shifting divide by the white level. The leading
edge of the positive pulse (transition (II)) drives the white
as well as the black level into the area between line a b
¢’ and the shifting divide where both levels are charged
negatively by landing flood beam electrons (transition
(I11)), until they reach the same equilibrium potential (lev-
el (2)). At the termination of the pulse (transition (IV))
the former white area is shifted back to level (4) and be-
comes a black area again.

The effect which was achieved here by pulsing the
backplate positive, can also be accomplished by pulsing
the flood beam cathode negative, or by employing a sepa-
rate erase beam with a more negative cathode voltage.
Shifting by the latter method is shown in Fig. 32 as trans-
ition (IV). Compared to bistable erasing, the erasing beam
cathode voltage can be greaterthan V_ ,, which makes the
design of electron guns for spot erasure much easier.

Half-tone Operation

The shifting cycle of the half-tone operation to be
described here is analogous to the bipotential on-off oper-
ation discussed above, but does not include the ‘‘blacker-
than-black’’ level.

In Fig. 33, for greater clarity, the operationis sep-
arated into four different diagrams: (a) erasing, IV; (b)
writing and viewing, I; (c) erasing, II; (d) erasing, IIL
The level numbers (Arabic) and shift numbers (Roman)
correspond to the ones for Fig. 32.

The requirements for the position of the viewing cur-
rent characteristic are the same as outlined for the bipo-
tential on-off operation. For half-tone operation linearity
of this characteristic is desirable. In Fig. 33, six dis-
tinguishable half-tones are assumed.

Fig. 33 shows the black level (3) which remains
after the last step of erasing (by flooding or separate beam)
over the whole storage grid surface. The viewing beam
cathode potential, V, , is adjusted so that this level is
identical with the cut-off potential of the viewing beam

characteristic. By non-equilibrium writing (primary cur-
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Fig. 33 — Potential shifts for halftone operation.

rent modulation) (Fig. 33, Vk =-3000), five half-tone levels
are established above level (3), the highest corresponding
to the end of the useful characteristic.

In the left part of Fig. 33, levels between level (3)
and (2) represent a half-tone scale of storage surface po-
tentials during viewing. As in the bipotential operation,
level (2)(white) is stable, whereas level (3) (black) moves
slowly to more positive values due to ions.

Because of the absence of a blacker-than-black level
(such as level (4) in Fig. 32), this “‘creeping’’ of level (3)
is noticed as a change of black to a grey and, frequently,
as a less uniform background than in bipotential operation.
Therefore, compensation or holding methods are more im-
portant for half-tone operation than for bistable operation.

Analogous to the erasing process described under
bipotential operation, the first step of flood or overall eras-
ing (transition (II) in Fig. 33c) consists in a capacitive
shift of alllevels (by the leading edge ofa positive pulse)
into the area between the divide andthe line a b ¢’. Thus,
the former black level is shifted to level (2’), above the
former white level (2). Since the pulse height is limited
toVp <V_1» this former white level is below the divide
(at level (1)) after this shifting.
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The second step of flood erasing (transition (III) in
Fig. 33d), which occurs during the pulse, consists of a
common downward shift of all half-tone levels under flood
beam bombardment. Because level (2) is *‘locked’’, they
shift one by one tothis level (V.. =V, ), until finally only
level (2) remains. The third step of flood erasing (IV in
Fig. 33a)is again a capacitive shift of this remaining lev-
el (2) to the cut-off level (3). This occurs at the end of
the pulse. '

The erasing steps of Fig. 33 may be avoided by us-
ing a separate erase beam with a cathode voltage, V_, =
Vvk +cht-off’ where Vk is the flood (viewing) beam
voltage. The action of this beam driveslevel (2) directly
negative to level (3) (transition (IV') Fig. 33a). Such a
separate erase beam is advantageous for spot or line-by-
line erasure.

Viewing Duration and Methods for Increasing It

Effect of lons on Viewing Duration.

For this section, define viewing duration T, as the
time required for the background of a single pattern to in-
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crease to 10 percent of the maximum highlight brightness.
In a half-tone picture, this corresponds practically to an
increase (AVZS) of the storage layer potential, st, (with
respect to the viewing beam cathode potential) of dark
areas by 10 percent of the useful characteristic range.

For most applications, including radar, viewing dur-
ations of 10 to 20 seconds are more than adequate. View-
ingdurations of 0.1 second are adequate for television ap-
plications. Most insulators suitable for storage grids,
like silica or magnesium fluoride, will maintain a charge
of a few volts for weeks if the tube is not operated. The
factor which limits the viewing duration in the normal op-
eration of a tube is not insulator leakage, but the landing
on the grid of positive ions produced by the viewing-beam,
which discharge the storage grid capacitance. The view-
ing duration is given by the equation

Av

= ZSCt

- (1)
it

(seconds)

where AVZS is the change in storage surface potential,
C, is the storage layer capacity (insulator surface to mesh
capacity), and it isthe positive ion currentlanding at the
whole negative insulator surface, which is assumed to be
constant during viewing-duration. The current, it, can be
measured as a function of tube potentials, tube pressure,
p, and viewing-beam current i_.

For a particular tube (AVzs = 0.5 volts, Ct =2 x

107f*,i_=0.4 ma, p = 10"/ mm Hg, i+ =5 x 10 amp.):

_ (0.5 (2x107)

5 % 109) (2)

= 20 sec for a halftone
picture.

v

It can be seen from Eq. (1) that long useful viewing
durations require low ion current, high storage layer ca-
pacity, and a small slope of the control characteristic.
Also, the tolerable AV,  may be several times higher for
black-and-white than for half-tone pictures. It should be
noted that the relatively high storage layer capacity of
0.2 uf is important for obtaining a long viewing-duration.
Thus, at present, viewing durations much greater than 10
seconds (without compensation for ion landing as described
below) are obtained at the expense of writing speed,
brightness, or resolution.

Viewing Duration As Affected by Tube Design

The obtaining of a sufficiently high vacuumhas been
accomplished by using a glass bulb whichhas a low diffu-

*C = (kA/11.1d) 10712 fwherek is the dielectric constant,
A the storage grid area, and d the thickness of the stor-
age layer. Fork 4.4, A = 100cm2, andd =2x 10’4cm,
C, =2x107f.
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sion rate for atmospheric helium3637 by proper process-
ing, and by using effective low-pressure getter processes.
For example, the trapping of residual gas molecules by
ionization and acceleration towards a negative collector
surface has been used. Such ionization wasaccomplished
by an ionization gauge built into the tube, 38 or by using
the viewing beam itself with other carefully outgassed
tube elements (such as bulb coatings) as collectors to
produce the ionization.

For a constant viewing current, the amount of posi-
tive ion currentreaching the storage surface canbe greatly
reduced if the image amplifier collector grid is operated
as an ion reflector, i.e., operated at a potential which is
positive with respect to all the electrodes between it and
the viewing gun cathode (Fig: 34). However, the remain-
ing ions coming from the spaces between this collector
grid and the phosphor screen still land on the negatively-
charged storage layer surface or its backplate.
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Fig. 34 — Positive ion landing at storage surface, and com-
pensation by flood beam landing.

Increase of Viewing Duration by Pulsing or by a Separate
Beam

In most applications such as radar and television,
where one pattern is followed by another in a relatively
rapid sequence, the viewing duration is sufficiently long
for the operation cycle. However, for patterns which follow
each other at a rate of less than 1 per minute, or at an
arbitrary rate, a longer viewing duration is frequently de-
sirable.

As outlined above, the only factor which limits view-
ing duration is the effect of positive ions landing at the
surface of the storage target whichdrives negative-surface-
potentials more positive, thus changing the picture back-
ground from black to gray.

In bistable operation, because of the holding action
of the flood beam, ion landing is not detrimental; thus,
continuous viewing is possible. In bipotential operation,
ion landing is not detrimental as long as the black level
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remains below the cut-off potential of the viewing current
characteristic. In half-tone operation where the black lev-
el is equalto the cutoff level of the viewing current char-
acteristic, an increase in viewing duration is frequently
necessary. Two different methods have been developed:
the compensation, and the bipotential-cathode holding
method. Although the bipotential cycle can be achieved
either with a separate erasing beam of different cathode
voltage, or by pulsing the flood beam cathode or the stor-
age grid, only the pulse methods are described here. It
should be noted thatthe shiftingcycle of the compensation
method described below differs only slightly from the eras-
ing process which is used in bipotential and half-tone
operation. Fundamentally, for compensation, the storage
surface elements in the area between the divide and a-b-c’
(Fig. 29) receive an average current from the flood beam
which is much smaller than the average erasing current.
The erasingcurrent depends onthe erasing speed required;
whereas, the average compensation current must be equal
to the landing current of positive ions.

Compensation by Potential Shifting of The Storage
Mesh. A rather crude method of partially compensating
for the ion-landing is continually to shift thed-c potential
of the storage mesh, thus temporarily shifting the storage
surface to more negative values. The potential of the
storage mesh may be manually adjusted by the operator to

approximately compensate for the ion-landing by keeping
the dark background constant. Although some extension
of the viewing duration is possible by this method, the
picture soon deteriorates because of the nonuniformity of
the ion-landing.

Compensation With Pulsed Flood Beam. It is pos-
sible to compensate for the positive ions by an equal net

current of viewing-beam electrons landing below the first
crossover of the secondary emission curve. Since the ions
are generated by the viewing-beam itself, they will landin
a pattern which corresponds roughly to the current density
of the viewing-beam. Therefore, the electron-landing will
charge the storage gridnegative in approximately the same
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Fig. 35 — Increase of viewing duration by compensation with pulsed flood beam.
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pattern that the positive ions have charged it positive.
This landing may be achieved by pulsing the storage grid
positive (or the viewing-gun cathode negative) at a repe-
tition rate high enough to avoid flicker. In an experimen-
tal tube using microsecond pulses ata 60-per-second repe-
tition rate, the viewing duration was extended by a factor
of six(from 30 seconds to 3 minutes). In Fig. 35, the cor-
responding potential shifting cycle is given together with
the viewing current characteristic. In this figure, the ion
shift between two pulses is indicated by the loss of one
of originally six half-tone levels. Actually, less than 1
percent of the contrast range, AVT, is lost by ion-landing
in the 1/60 sec between two of the microsecond pulses.
As seen from Fig. 35, during the pulse the landing of elec-
trons shifts the target areas negative by an amount equal
to the positive shift of the ions between pulses. For this
compensation, the pulse height is adjusted to less than
V.1 so that all half-tone levels remain below the poten-
tial divide during electron landing.

Fig. 36 shows the familiar monoscope test pattern.
The first picture was taken immediately after writing. The
second shows the deterioration by positive ions after 30
seconds storage. The third shows a similar stored half-
tone picture with compensation by electron-landing after
3 minutes.

Bipotential Cathode Holding With Pulsed Flood
Beam. Whereas with the compensation method all levels

Vy = 80V
+V \V VIEWING
T (z0v) Y

( FLOODING

are driven negative during pulsing by the flooding beam,
in the bipotential-cathode holding method (Fig. 37) former
black levels are driven negative and white levels positive
during each pulse. Thus, the original potential range,
AVT, between white and black levels, which is reduced
by positive ion-landing between pulses, may be not only
restored during the pulse time but also substantially in-
creased.

The potential of the positive pulses applied to the
storage grid (or negative pulses to the viewing cathode)
is chosen slightly higher than the first crossover potential
(2Vcr1 > Vpulse > Vcrl)’ so that target potentials close to
white level are shifted above the potential divide but po-
tentials close to black level are maintained below the di-
vide (Fig. 37). During the pulse, viewing electrons will
land with energies greater than firstcrossover at highlight
storage surface areas, and with energies less than first
crossover at dark storage surface areas. Thus, the more
positive areas of the storage layer are driven towards a
more positive potential, and the more negative storage
layer areas are driven towards a more negative potential
during the pulse. This pulse method, therefore, is dis-
tinct from the static-holding method proposed by Haeff3?
and the pulse holding method of Smith and Brown4?, The
latter improves the contrast ofa picture already held con-
tinuously in bistable operation by pulsing the holding
(viewing) beam cathode negative so as to shift the nega-
tive black equilibrium potential still more negative.
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Fig. 37 — Increase of viewing duration by bipotential-cathode holding with pulsed flood beam.
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Because the highlight levels are compressed during
the back of the pulse (Fig. 37), this method does not ap-
pear suitable for preserving half-tones. In practice, with
this method, a limited amount of half-tone can be stored.
It was found that the compensation of a half-tone by flood-
beam landing gave good stored pictures up to 3 minutes,
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after which the compensated picture deteriorated. The
“*pulse-held’’ picture (Fig. 36 #4) soon lost much of its
half-tone quality, but it could be held for hours. Starting
with a black-and-white pattern, viewing durations as long
as 27 hours have been observed with bipotential-cathode
holding.

B. Kazan

M . hnbtl

M. Knoll
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