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ABSTRACT

Many of the problems that military magnetic and mechanical memories experience can be
overcome by using Very-Large-Scale-Integrated (VLSI) circuits. These VLSI memories
can present problems of their own, however. This paper outlines an assessment of the
state-of-the-art in military memories that was performed to identify VLSI memory
technology gaps that need additional development effort.

INTRODUCTION

Very Large Scale Integrated (VLSI) circuit memories are becoming quite cost and
performance competitive with mature mechanical and/or magnetic memories. New
application areas are confidently being projected for VLSI technologies, for example, full
baseband on-board processing and information storage. Power, weight and volume savings
along with increased reliability and system life have attracted military systems planners to
VLSI memories. There are a number of unique military requirements, however, that must
be satisfied by VLSI memories before they can achieve widespread use in military
systems. Extreme environmental stresses such as temperature cycling, shock and vibration,
radiation, and corrosive environments must be tolerated. Long unattended operation
periods without maintenance must be handled. The need for proven reliability and the
attendant needs for stringent specifications, testing, and documentation must be satisfied.
Data security often provides design constraints. Finally, a dependence on domestic sources
can limit options. A lack of continuity in programs, the breadth of requirements, and the
relatively small numbers of components used by the military all work against satisfying the
needs. The military is impacted by increased costs, long procurement lead times, and
degraded mission capability or even worse - actual mission performance degradation,
procurement of obsolescent technologies, second sourcing difficulties, replacement parts
problems, and the logistics problems of training, maintenance, and documentation.



It will thus take an extended period of technical development before VLSI memories
achieve their potential. Present microelectronic memories are simply inadequate for
economical replacement of military electromechanical memories at the present time, in
most applications.

COMPARISON OF MEMORY TECHNOLOGIES

It is probably unfair to compare immature microelectronic memory characteristics with
highly developed technologies such as core, plated wire, disc, drum, and tape.
Microelectronics is only just now starting to compete in commercial computer memories.
Military technology, being more difficult to build for the reasons enumerated above, lags
commercial technology often by several years. A comparison of technologies is useful,
however, when it is directed (as it is here) toward identifying technology gaps that still
remain before microelectronics can replace conventional memory technologies. The reader
is therefore requested to keep in mind that the tremendous rate of improvement of
microelectronics will insure the rapid closure of these gaps and the eventual domination of
VLSI memories both in the commercial and the military markets. With these cautions,
Tables 1-4 are offered to show what could be presently specified by the military memory
subsystem designer and delivered after a reasonable period (12-18 months in most cases)
of circuit design, optimization, and initial production setup. The manufacturing risk and the
degree of design difficulty that would be experienced are, of course, variable. These
factors have been included in the tables along with several other highly subjective
categories.

The technical information on the state-of-the-art in memories listed in Tables 1-4 is
organized into four main categories of memory: Fast Write (registers and scratchpad),
Main Memory (program, buffer, data store), Fixed Program Memory (program, tables,
macroprogram), and Mass Memory (shifting, data store, data compression,
macroprograms, data bases, backup store). Within each category, circuits are described
that represent the leading edge of each of a number of maturing technologies. Operational
parameters are listed for both commercial technology and nuclear/space radiation hardened
military technology. Microelectronic technologies have been listed to the left and mature
electromechanical memories to the right in each table. Hypothetical memory modules have
been postulated to allow more meaningful comparisons of such memory qualities as power
consumption and reliability. An effort has been made to keep module capacity the same
within each table, but occasionally reasonable constraints on power, size, weight, or cost
require a more modest module capacity to be listed. The specified parameters for the
hardened technologies are conservative because they are meant to be post-irradiation
survival limits. In both the hardened and commercial technologies the radiation
performance values represent specifications above which one or more of the listed
performance parameters (usually access time or power) exceeds spec over the specified



temperature range. In most cases the degradation with increasing radiation level is quite
sharp. Thus, complete loss of functionallity often occurs at radiation levels not too much
higher than those listed.

TECHNOLOGY GAPS

The tables allow some conclusions to be drawn concerning the relative strengths and
weaknesses of present memory technologies:  Conventional military memories are
nonvolatile, that is, they retain their stored information without power. This feature is
useful in military systems because they are usually not powered during periods of
inactivity and are also subject to transient power losses such as those that might occur in a
nuclear weapons environment. Most microelectronic memories do not have the ability to
withstand even a momentary power failure without complete loss of data. Exceptions are
MNOS, amorphous, and magnetic bubble technologies. If standby power is low enough, in
volatile technologies a battery or capacitor backup may be used for transients. For nuclear
weapon transients, however, only CMOS/SOS has the tolerance to transients under bias
that is required for survival of data. There are difficulties with battery stability under
temperature cycling and speed penalties involved in retaining the CMOS memory states
during transients, however. The non-volatility of magnetic bubbles is also difficult to
achieve in a nuclear weapons environment because of the circumvention time constants
that are used to protect the power supply and associated electronics. Magnetic bubble
memories are usually designed for transients obtained in power outages with more
favorable time constants. Care in design must be taken to insure a graceful shutdown and
turn on of control lines during transients, or accidental writing into the memory can take
place even in non-volatile memories.

Unfortunately, the inherently non-volatile technologies are the least mature and have the
worst performance parameters of the technologies listed. They are not even as good in
some areas as present day electromechanical memories. Because of their non-volatility
they are prime candidates for application to high capacity VLSI memories, at least in
hybrid form. The low power dissipation of a nonvolatile memory aids its reliability and
leads to denser configurations. Before their potential can be achieved, however, the
following breakthroughs will be required for each technology:

MNOS:  a lower write voltage would lead to higher read speed, higher radiation hardness,
and increased density. A faster write speed for RAM applications would complete the
family of MNOS memories for all applications and allow an entire computer memory to be
made up of a single technology. Improvements in retention and write endurance would also
help, but these parameters are good enough at present for most applications.



Amorphous:  lower power, faster speed, and demonstrated reliability are needed.
Increased write endurance would broaden applications. More integration with silicon
technology would also help. User acceptance of this technology will depend on having
samples for user evaluation available on a large scale, even before there exists a profitable
market. This is because premature claims for the technology were made in the past that
could not be met by production units.

Magnetic Bubbles:  The present methods of transferring bubbles on a chip consume a lot
of power and reduce module density. The temperature range is limited. This limitation
coupled with the power dissipation problems leads to slow transfer rates. A higher chip
density would help reduce these problems, but not enough to make bubbles compete for
military mass memory applications. The lack of on-chip logic limits applications and
reduces radiation hardness. It would be extremely difficult to use this technology in a
nuclear weapons environment. Natural space radiation could be tolerated by harder off-
chip electronics. High density bubbles might experience difficulties with cosmic rays and/
or solar protons in space environments, however. The rapidly decreasing costs of this
technology make it very desirable that these technology bugs be ironed out for military
applications.

Volatile technologies such as I2L, ECL, TTL, CCDs, NMOS, CMOS, and CMOS/SOS all
have applications in military memory systems. Usually these are in fixed program
applications or non-hardened applications where speed, power, density, weight, or
reliability are being emphasized. The commercial trend is toward lower cost at the expense
of design margin and speed. While it is true that the trend is also toward higher chip
capacity and greater reliability through the reduction of interconnects, the overall
resistance to environmental stress (such as radiation) is heading down toward the point that
tomorrow’s commercial nonvolatile VLSI memories may be unusable in military systems,
even when system level protection (such as shielding) is employed. Cosmic rays in
spaceborne systems may be a problem if VLSI circuit densities continue to increase. Alpha
particles from packaging materials have already been found to cause memory loss of a few
bits per day in some NMOS dynamic RAMs. On-chip power dissipation will limit N-
channel, TTL, and ECL densities. CMOS/SOS and I2L will catch up to NMOS in chip
capacity because of this. These latter technologies, however need improvements in speed
to make N-channel, TTL, and ECL memories obsolete. CCD memories have mass memory
advantages, but their volatility and low radiation upset threshold make MNOS and
Magnetic Bubbles more attractive for military applications.

THE PROMISE OF VLSI MEMORIES

It is reasonable to expect the technology gaps identified above to be filled within the next
three years or so. Thus it may be confidently predicted that a choice will exist for military



designers between conventional electromagnetic memories and VLSI memories for all
memory applications presently served by electromagnetic memories. The inherent
ruggedness, reliability, superior temperature performance, and performance advantages of
VLSI memories will make them attractive, even without the inevitable cost advantages that
are now projected for VLSI.

More important than simple replacement of present technologies are the enhanced mission
opportunities that are presented by VLSI memories. Distributed computing is important in
this regard, and VLSI memories make this possible. Smart subsystems will be possible that
will make maintenance, testing, and self repair easier. Flexibility of mission for
standardized modules will also be made easier. New technologies of the future like
Josephson Junction memories promise even further mission capability improvements.

CONCLUSIONS

A bright future is predicted for VLSI memories. For military applications, non-volatile
technologies like MNOS and Magnetic Bubbles will be important. Before the potential of
these technologies can be achieved, however, breakthroughs in technology must be
achieved to bring nonvolatile VLSI memories up to the level of electromagnetic memories.
Volatile memories already have surpassed conventional memories in performance, but
their present cost is high and their power consumption limits mass memory applications.
The N-MOS and CCD technologies suffer least from these problems, but leave little
margin for degradation under environmental stress and systems noise. When power
consumption and noise immunity are dominant considerations, CMOS offers the greatest
potential, while bipolar technologies such as ECL, TTL, and I2L offer the fastest speeds.
For the near term the military should direct its R&D effort toward the development of
replacements for electromechanical memories. The long term strategy should be on
distributed computing and integration of memory with logic.
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