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ABSTRACT

The development of an experimental Electron
Beam Addressed Memory (EBAM) module is described.
The module is limited to 65,536 address locations,
but its development verifies that tubes of approxi-
mately 4 X 10% bits can now be made.

The key factors that lead to a practical,
stable device are discussed. Emphasis is given to
the development of the storage target and its mode
of use. The paper shows how a simple refresh tech-
nique is used to retain information, provide a
nondestructive readout capability, and achieve
long-term address stability.

INTRODUCTION

Electron Beam Addressed Memories (EBAMsS) pro-
mise to become a leading contender for low-cost,
large-memory systems with fast random access times,
high reliability, and high data rates. Consider-
able progress on the development of a practical
electron-beam addressed system has been made during
the last two years. Any EBAM system requires a
finely focused and accurately positionable electron
beam capable of making some physical change on a
storage target. In addition,
low-noise high~bandwidth system for obtaining read-
out. Two principal items are the key to making a
practically successful device: the nature of the
storage target and the means by which stored infor-
mation can be repeatably located or addressed. It
is these items, together with the inadequacy of
supporting technologies, that prevented the
Williams tube from being significantly more suc-
cessful (1,2).

there must be some

THE TARGET

Our approach uses the electrostatic storage
target illustrated in Figure 1. The target is a
metal~okide-silicon construction with holes etched
into the oxide. Two external connections are made:
one to the metal gate and the other to the low-
resistivity silicon base.
deposited in the bottom of the dielectric holes,
providing a microcapacitor or ''mucap" electrode on
which charge can be stored. A major advantage of
this structure is that the primary beam approaching

A third electrode is
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the target sees essentially only the potential of
the metal gate, which is normally held at ground.
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FIGURE 1 THE MUCAP (MICROCAPACITOR) STORAGE MEDIUM

Target Operation

All reading and writing effects are carried
To
a beam having a secondary elec-

out by using secondary electron emission.
operate the target,
tron emission ratio of greater than unity is required.
Under these conditions, any mucap bombarded by the
primary beam will tend toward +2 V with respect to
the metal gate. This is the stable potential at
which the effective secondary emission ratio of the
mucaps will be reduced to unity, since the slower
secondary electrons will be attracted back to the
mucap at this potential. A binary ONE is repre-
sented by the storage of a -40 V charge on the
mucaps, whereas a ZERO corresponds to the stable
condition of the storage of +2 V, as illustrated on
the left-hand side of Figure 2. It will be clear
that reading a ONE for a sufficient time will gene-
ZERO. in normal reading oper-

it is only necessary to sample the stored
charge in such a manner that readout is only par-
tially destructive. A write ONE operation is
achieved by setting the bias voltage, which is
normally set at -50 V for the reading and write

ZERO operations, to O V, thereby forcing ZERO state
mucaps to about +42 V. As mentioned above, bombard-
ment with the electron beam will result in the

rate a Of course,

ations
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mucap being stabilized at +2 V. Return of the
base to =50 V sets the ONE condition for reading.

Readout Signals

On the right-hand side of Figure 2 are shown
the secondary electron spectra for the ONE and
ZERO states. Secondary electrons from ONE-state
mucaps are accelerated through a 40-V drop and
therefore enter the field-free region with an
energy of approximately 42 eV. The two other
peaks on the figure correspond to the elastically
scattered electrons and to slow secondaries emit-
ted from the gate electrode. In the case of a
ZERO, there is no corresponding accelerating field
and also relatively few 42-eV electrons. Readout
is therefore a simple matter of incorporating a
suitable pass band into the device, that will
accept only the ONE-state electrons.

The existing readout analyzer is illustrated
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in Figure 3. This system uses two energy barriers.

An -80 V barrier at the left-hand end mirrors all
the slower secondary electrons. A ~20 V equipo~
tential arranged in front of the continuous-dynode
electron multiplier and predynode prevents slow
secondaries from gaining access to the multiplier.
The majority of slow secondaries are collected on
the ZERO collector, which is held a few volts
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FIGURE 2 ZERO AND ONE STATES
AND READING MECHANISMS
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FIGURE 3 SCHEMATIC REPRESENTATION OF THE READOUT
SYSTEM

positive with respect to the target. The perfor-
mance of this readout system is illustrated by
Figure 4, which shows a set of curves corresponding
to different barrier electrode potentials, Vg.
Below the threshold voltage extremely few electrons
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MULTIPLIER OUTPUT AS A FUNCTION OF ELECTRON
ENERGY WITH Vg AS PARAMETER

are accepted by the multiplier.
approximately 20 V.

The passband is

Target Usage

In the discussion above, the use of a single
mucap for each bit has been indicated. This usage
is actually impractical, since it is desirable
that a bit location should be determined by the
point of incidence of the electron beam on the
target, and not by the Structure on the target.
We therefore make the structure fine in comparison
with the beam diameter,
for each bit.
therefore,

and we use maybé nine mucaps
Occasional missing mucaps do not,

In addition, data

may be written along a curved path, and raster dis-
tortion within reason does not affect performance.

impede operation.

It has been mentioned that readout is par-
tially destructive. Successive reads of the same
location will show a signal of decreasing ampli-
tude, until the readout electrons drop below the
threshold set by the readout system. An external
comparator is also used, to distinguish logically
between ONEs and ZEROs. By incorporating a second
comparator level into the system, it is possible
to detect ONEs that require refreshing. In
addition to the reason for decreasing signals
given above, there are two further reasons., First,
since the target uses surface charge storage, sig-
nal is lost with time by leakage along the surface,
The initial samples showed a 4-hour storage time.
Second, signals may decay because the reading
beam has shifted slightly with respect to the
actual data location because of some drift in the
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system. A periodic reading of the complete memory
and associated refreshing can therefore ensure that
the memory is nondestructive readout (NDRO), that
information is not lost through volatility, and
that stability between the data and the addressing

beam is achieved.
EXPERIMENTAL MODULE

Earlier this year, an experimental EBAM module
was delivered to the Air Force Avionics Laboratory,
at Wright-Patterson Air Force Base (3). This unit
is a single-tube system operating from a memory
exerciser which acts as a source of data and
addresses for the memory testing operations. The
tube, illustrated in Figure 5,
tron gun at the bottom, the latest version of
which employs the long-life dispenser cathode; a
single electrostatic lens; an electrostatic beam
deflector; a readout system; and a storage target
plane. The deflector is of the octupole type

consists of an elec~

FIGURE 5 EBAM TUBE CONSTRUCTION

developed by the author under an earlier program

(4,5). The configuration is illustrated in
Figure 6. This deflector, which has eight elec-
trodes, uses a combination of x and y voltages

appropriately summed on each of the plates. The
advantages are that we are able to select an appro-
priate field distribution in the x-y plane in order
to minimize certain aberrations such as astigmatism.
The deflector also has a common center of deflec-
tion with equal x-y sensitivities,
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FIGURE 6 REQUIRED VOLTAGE DISTRIBUTION FOR THE

OCTUPOLE DEFLECTOR

The targets are prepared by using electron beam
lithography to define the mucaps. Exposures of an
array of dots are made in parallel by using a
screen lens technique, originated by Eugene R.
Westerberg (5,6). An appropriate electrical de~-
flection permits multiple exposures to be made to
fill in the spaces in the original set.

The raw output signals from a string of ONEs
and ZEROs is illustrated in Figure 7, Early testing
of this module prior to delivery indicated an error
rate of better than 1 in 109, work still remaining
to be done includes a more thorough characteriza-
tion of such effects as read-around ratio and a
better understanding of the factors controlling
target life. At present, target life appears to
be limited by an organic film present on the tar-
get from fabrication,
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