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CHAPTER III

Signal Converter Devices
(Electrical-Electrical)

A. CAPACITY-DISCJARGE ELECTRON-BEAM READING TYPES

1. SINGLE-GUN TuBet WiTH BARRIER GRID (RADECHON)T

a. Introduction

The Radechon was one of the first charge-storage tubes commercially
developed for operation with electrical input and output signals. The term
* Radechon” has become associated with a tube design in which the storage
target has a fine mesh or barrier grid in contact with the surface and which
is operated under & > 1 conditions. Originally, the tube was intended for
signal-comparison purposes where the output indicated the difference
between successive sequences of time-varying signals. It has since found
numerous other applications, such as the storage of binary information
{4, 5, 8], the improvement in signal-to-noise ratio of repetitive signals {3, 7],
the storage of single frames of a transient image, and coordinate transforma-
tion of stored pictures, for example, from PPI to raster scan.

The basic tube (Fig. III-1) consists of a single gun, a collector cylinder, and
" a storage target consisting of a metal backplate, a thin insulating sheet, and 2

fine-mesh barrier grid in contact with the insulator surface. Depending on the
mode of operation, input signals may be applied to the control grid of the-
gun (storage of single-frame pictures), to the backplate (signal comparison),
or to a combination of both (digital storage). The output signal may be taken

+ A somewhat similar earlier tube with a single gun but withouta barrier grid, developed
for television applications, is described by Krawinkel ef al. [16]. Another early tube of
similar structure, but including a mesh grid near the target, intended for binary storage, is
described by Forrester [2). A brief description of both of these tubes is giver by Knoll and
Kazan [14).

1 The reference list for this subsecli?n appears on p. 141.

134
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Holttone input
(integration)

Pulse input '———)*_—
{digital ‘storgge)

(Hollwne input )
signal comporison| ; ~ !

Pulse input .____S.___
(digital storoge) 2

+

=. 40 wlts Rp

Fic. T1I-1. Single-gun tube with barrier grid (Radechon). A, accelerating anode; C,
_electron-gun control grid; G, collector cylinder; K, cathode; M, barrier grid; P, backplate;
R,, input resistor; Ro, output resistor; R,, backplate load resistor; S, write-read switch;
T, insulating target; i,, primary current; i, collector current.

from the collector cylinder as shown in Fig. III-1, or from the barrier-grid-
backplate structure.

b. Methods of Operation

(i) Signal Comparison. (Equilibrium Writing, Capacity-Discharge Read-
ing).

Writing. In this method of operation the input signal is applied to the
backplate (switch, S, in position 1) while the target is scanned by the un-
modulated electron beam. The input signals, which may range for example,
between 0 and + 10 V, produce corresponding time-varying potentials on the
target surface by capacitive coupling. Since the bombarding energy of the
primary electrons is about 1000 eV, operation is under the condition & > 1.
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Sufficient beam current is assumed so that during the bombarding time of a
single element its potential is shiftéd to the equilibrium potential, ¥,,,
approximately equal to that of the barrier grid, which is the effective collector.
This shift is in opposition to the instantaneous signal. voltage capacitively
coupled to the surface. At the end of a single scan, therefore, with the back-
plate returned to ground potential, a pattern of potential variations will be
left on the target surface equal to the capacitively-coupléd signal at the target
surface, but opposite in polarity.

Reading. If the writing process described above is repeated with a new
input signal that differs from the original signal, the above process will be
repeated and a pattern of potential variations will be established on the
target surface equal and opposite to the new signal, regardless of the previous
potential pattern. The net charge added or subtracted by secondary emission
from each element, however, will depend on the potential shift the element
has undergone in changing from its previous potential to the new potential.
As the successive elements are scanned, the varying net target current to the
insulator surface will produce opposite polarity variations in the total col-
Jected current. Although the barrier grid is the effective collector, a fraction
of the secondary electrons (those with higher emission velocity) will escape
through the barrier-grid holes and reach the collector cylinder. The variations
in this current, i,, reaching the collector cylinder thus produce an output
signal across the resistor, R,, indicating the difference between the two input
signals.

By this process, input signals applied during any two successive scans wilt
produce an output signal corresponding to the difference between these inputs.
In the special case that identical time-varying signals are applied to the back-
plate during successive scans, no variation will result in the collected current,
i,. However, if during successive scans the input signals differ at certain
portions of the scan, signals will be observed in the output only at the

_moment of scanning these target elements.
Erasing. In this mode of operation, the process of writing a new signal

automatically erases the previous potential pattern. Separate erasing action
is therefore not required. _

(ii) Digital Storage With Random Access (Equilibrium Writing, Capacity-
Discharge Reading).

Writing. In this type of operation, binary information is stored on the
target surface in the form of one of two potentials, for example, zero and a
specified negative potential. Before writing, the desired element is first selected
by applying suitable potentials to the deflection plates (notshown in Fig.1II-1)
with the primary beam cut off. Following this, the primary beam is momea-
tarily switched on by applying a pulse to the control grid of the gun. During
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the time of this current flow, the backplate is either left at ground potential
or shifted positive, for example, by applying a pulse of + 50 V to the back-
plate (switch, S, in position 1). In either case the primary beam is assumed
sufficient to bring the surface to the collector-stabilized equilibrium potential,
V- I 'no pulse was applied 4o the backplate, the surface of the selected ele-
ment will be left at the potential, ¥,,, after bombardment. If a positivé pulse
was applied to the backplate, capacitively coupling a positive potential to the
insulator surface, at the termination of the pulse the surface of the bombarded
element will be left with a negative potential equal to the positive capacitive
shift. The information is said to be a “ 0 in the first case and a “1” in the
second case. By successive selection and bombardment of other elements,
0 or “ 1" information can be stored at other locations of the target.

Reading. For reading, the backplate is maintained at ground potential
(switch, 8, in position 1) with no pulse voltages applied. Deflection voltages are
applied to select a target element, and the primary beam is then pulsed on.
If the bombarded element has a “0* stored, being at equilibrium potential,
it will receive no net charge during bombardment. The total collected current
will equal the primary current, the secondary current dividing between the
barrier grid and the collector cylinder. If the interrogated clement has a
“1” stored, being at a negative potential, it will be shifted positive during
bombardment to the equilibrium potential. During this process the total
collected secondary current will exceed the primary current (5, > 1) so that
the output current at the collector will be correspondingly higher than for a
stored “0.” By use of a suitable amplitude discriminator in the output, the
storage of a “0” or “1” can be distinguished. (As mentioned below, for
practical reasons it may be desirable to take the output signal from the
backplate-barrier-grid combination instead of the collector to improve the
distinguishability between the “0TM and “1.”)

- Regeneration. The reading process described above acts to erase informa-
tion stored as a *1,” since it shifts the surface to the equilibrium potential.
For computer applications it is frequently necessary to retain the stored
information; in such applications, immediately after the rezdout of informa-
tion from a given spot, the same information is written back at this element
in a process similar to writing.

(iii) Recording of Halftone Images and Signal Integration (Nonequilibrium
Writing, Capacity-Discharge Reading).

Writing. As a result of previous erasing, the target surface is assumed to
be uniformly charged to the grounded backplate potential. For writing, the
backplate potential is then switched to a potential such as +40 V (switch, S,
in position 2), shifting the target surface capacitively positive, away from the
equilibrium potential. The target is now scanned by the primary beam, whose
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current is modulated by the input signal applied to the control grid of the
gun. The primary current is kept at a low level so that the bombarded elements
shift only partially toward the collector-stabilized equilibrium potential, V,,.
Since the target is at ali times substantially positive with respect to the barrier
grid, essentially no secondaries can leave the target (8. = 0) and the net
current to the target is equal to the instantaneous primary current. A halftone
potential or charge pattern can thus be established on the target surface in 2
single scan. (A similar charge pattern of opposite polarity can be stored if
the backplate is shifted negative during writing.)

In some cases it is desirabie to repetitively scan the target a number of
times so that a charge pattern corresponding to an integrated signal is
created. In this case the primary current may be reduced still further so that -
the total or integrated potential shift of the target elements is sufficiently
below the equilibrium potential (i. €., maintaining J; = 0, so that the charge
added during each scan is approximately proportional to the primary-beam
current). .

For halftone storage of single frames or for signal integration, an alter-
native method of applying the input signal is to modulate the backplate
voliage (switch, S, in position 1) while the target is scanned with the un-
modulated primary beam. In this case use is made of the fact that the effective
secondary-emission ratio or collected-current ratio J, varies approximately
linearly with target-potential deviations from equilibrium if these potential
deviations are small, i. €., operation is restricted to the portion B~C-D of the
&, curve of Fig. I-7. The amount and polarity of charge stored on an element
in a single scan, therefore, is approximately proportional to the backplate
signal voltage.

Reading. For reading, the target backplate is maintained at ground
_potential (switch, S, in position 1). With no signals applied to the backplate
or control grid, the target is scanned by the unmodulated beam. Assuming
sufficient beam current, each element will be shifted to the equilibrium
potential in a single scan. The time-varying change in charge at the target -
surface will thus produce corresponding variations in the collector current,
generating an output voltage across R,. (In applications of this type it is
frequently preferable to obtain the signal output from the barrier grid and
collector tied together.) Because of the complete discharge of the target
elements, the output signal will reproduce the halftone potential variations
stored on the surface. Multiple output frames can also be produced if the
reading is carried out with reduced beam current, only partially discharging
the target in a single scan. Although as many as 20 frames, for example, can
be read out before the target is shifted to equilibrium, the signals have 2
reduced halftone content.

Erasing. The above reading process tends to automatically shift the target
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to the collector-stabilized equilibrium potential. If complete erasure is not
obtained in reading because of insufficient beam current or number of
reading scans, it may be necessary to further scan the target with the un-
modulated primary beam with the backplate grounded.

c. Design Co‘r_lsidErations and Operating Details

Commercial Radechon tubes are about 3 in. in diameter with a usable
target diameter of about 2.5 in. Although deflection and focusing are usually
electrostatic they may also be magnetic. The target insulator is usually a
mica sheet, about one mil thick [5], but may also consist of aluminym oxide
[3]. The barrier grid is made of a stainless-steel woven mesh with wires about
1 mil in diameter and about 230 to 400 mesh holes per linear inch [8, 9]. If.
the barrier grid is too thin (high ratio of mesh opening to thickness) negative
charges on the target will produce electric fields extending around the outside
of the screen which will inhibit secondary emission from the adjacent areas
of the target (coplanar grid effect). For this reason it is desirable to use a
woven mesh or a thick electroformed mesh so that the above ratio is less
than 2. In the case of the I-mil woven mesh, the effective distance of the
mesh wires from the target surface is about 20 u [10).

The capacitance between the backplate and barrier grid is of the order of
1000 puf. Because of the ratio of the capacitance between the backplate and
insulator surface to the average capacitance between the insulator surface and
barrier grid, a fraction such as about 60% of the voltage applied between
backplate and barrier grid is coupled to the target surface [8]. Because of
the high backplate-to-barrier-grid capacitance, the capacitive impedance of
the backplate at video frequencies is of the order of 100 Q or less, a factor
that must be considered when input signals are applied between the backplate
and barrier grid.

In practical tubes, disturbance signals may be produced in the output
because of (a) large-area nonuniformities in secondary emission of the target
or localized blemishes, (b) nonuniformities in secondary emission of the .
barrier grid, (c) variation in barrier-grid transmission ratio, and (d) variations
due to the beam position relative to the mesh holes wher. the beam covers
few holes. By evaporation of a thin Jayer of MgF, on the mica target [13], the
secondary emission can be made more uniform. At the same time the secon-
dary-emission maximum occurs at a higher beam energy (2000 eV), which is
desirable for reducing the spot size. By treatment of the barrier grid to make
its maximum secondary-emission ratio equal to unity, disturbances caused
by (b) can be minimized. By using barrier grids of sufficiently small mesh size,
so that the primary beam covers a sufficient number of mesh holes, variations
in output due to (d) can be minimizec. ’

Another source of signal or background variation is shading duc to
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defocusing of the deflected primary beam by the cylindrical lens action of the
electrostatic deflection plates. This can be compensated by dynamic focusing
signals applied to the focusing electrodes [8]. Additional improvement in
focusing has also been obtained by making the control apertures of the gun
(doubie-focusing type) elliptical in shape, with their major axes at right
angles [S]. Another cause of shading is the finite angle of incidence of the
primary beam at the target edges, causing charges to accumulate under the
barrier-grid edges where secondaries cannot escape [8]. When the output is
obtained from the collector, an additional form of shading occurs since the
fraction of secondary electrons which reaches the collector varies over the
target, causing variations in the output signal {8]. Further shading due to
nouuniform collectior; of secondaries may also occur if the signal collector is
surrounded by other anodes (not shown in Fig. 1), which are sometimes added ’
to shield the collector [11] from defiection or input signals applied to the
backplate.

For digital storage, experimental tubes have been operated with a capacity
of about 16,000 bits with random access to each bit {5, 8]. A complete cycle
of random access, reading, and regeneration at a particular spot has been
accomplished in 2.5 psec (400 kHz repetition rate). In applications where
reading and regeneration are carried out many times at one spot, the fact that
the primary beam has a bell-shaped Gaussian distribution of current density
with respect to radius [8] gradually modifies the charge stored at neighboring
elements because of the landing of low-level current from the primary beam.
The degree to which this occurs is given by the *read-around number,”
which indicates the number of times reading and regeneration operations can
be performed at a given element without destroying the stored information
at an adjacent spot. (See Section A of the Appendix for a definition of this
term.)

In digital-storage applications there may be certain advantages in ob-
taining the output signal from the target electrodes rather than the collector
cylinder as shown In Fig. I11-1. In collector reading, the output from a stored
“0”anda* 1 ” areof the same polarity, with the ““ 1 préducing a signal 30 to
509 larger [3). In addition, because of shading effects that produce a variation
in the *“0” level, discrimination between the “0* and *“1” may be further
reduced. This problem can be avoided if the output signal is taken from the
barrier-grid—backplate electrodes as discussed by Hines et al. [8] and Jensen
[9). In such a reading method, the net output current in reading a “0” is
close to zero, while a much larger current is obtained in reading a “l,”
making the discrimination between the two more reliable.

It is important to note that in* equilibrium writing (for example, signal-
comparison applications) complete shift of target elements to equilibrium is
frequently not obtained even with relatively high beam currents, since the
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pet current reaching the target decreases as the equilibrium potential is
.pproached (i. e., 6. — 1). A measure of the degree to which equilibrium is
reached is given by the “discharge factor” (see Sections IT,A,2 and I1,B,2),
which depends on factors-such as the scanning speed, beam current, and target
capacitance, as well as the target potential before bombardment. In the
Radechon the *“ discharge factor” may vary from 0.6 to 0.95, for example,
depending on the operating conditions, so that the signal output and operation
which would occur under idealized equilibrium writing conditions may be
significantly modified.

Typical commercial Radechons are the following: RCA 6499; Westing-
house 7225, 7566; E.M.IL. 9511A; DuMont K1326, K1327, and K1584.
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