Events Contributing to the Founding and
Essence of NSREC

A very stressful “Cold War”
Sputnik (October 4, 1957)

Van Allen Belts 41 958) Explorer | (January 31, 1958)
and Il (March 26, 1958)

John Kennedy was President
Bay of Pigs fiasco April 1961
Kenned% “Going to the Moon” announcement
(May 1961)
Cuban Missile Crisis (“14 days in October” 1962 )
Kennedy Assassinated November 22, 1963
STARFISH, July 9, 1962
ATBT (August 5, 1963)

When NSREC was in its incubation the United States (US) and its allies and were in a very
stressful stand-off with the Soviet Union (USSR). This Cold War had begun at the end of
WWILI.

In addition to the Mutually Assured Destruction that each major adversary had to
contemplate, there was an accompanying competition for world prestige between them.
The United States had been preparing for a satellite launch in the forthcoming Geophysical
Year, July 1, 1957, to December 31, 1958. The Navy Vanguard program had the mission of
placing a satellite in orbit during that period but was plagued by failures in its rocket
launch system.

The United States was stunned by the Sputnik | launch on 4 October 1957 which made the
USSR the first space power. and this initiated efforts within the US to “Catch up”. It was
well known that the Army Ballistic Missile Agency in Huntsville had the capability to place a
satellite in orbit, but precedence was given to the Navy’s Vanguard program. On 8
November 1957 Defense Secretary McElroy ordered ABMA to prepare a Jupiter C missile to
launch a satellite and on 31 January 1958 Explorer | was placed into orbit. Thus, the US
became the second space power.

The Explorer 1 satellite, together with Explorer 3, confirmed the existence of the Van Allen
radiation belt. The totality of the foregoing precipitated what was called the Space Race,
and the National Aeronautics and Space Agency (NASA) began operations on October |,
1958. A further embarrassment to the U.S. came in April 1961 with the flight of Russian
Cosmonaut Yuri Gagarin in the Vostok satellite. The following month President Kennedy
made his “Going to the Moon” announcement and in February, 1962 Alan Shepard made
the first Mercury flight.
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Prior to the Space Age, the possibility of trapped charged particles had been investigated by Christian
Birkeland, Carl, Stormer, and Nicholas Christofios The existence of the natural magnetospheric belt was
confirmed by the Explorer 1 and Explorer 3 flights in early 1958, under leadership by James Van Allen at
the University of lowa. The trapped radiation was first mapped out by Explorer 4, Pioneer 3 and Luna 1.
President John F. Kennedy succeeded Dwight D. Eisenhower on 20 January 1961, and began his tragically
short term in office with some other stressful events. The Bay of Pigs fiasco in April 1961 was a
disastrous failure, the Cuban Missile Crisis in October 1962 was terrifying. | vividly remember us stocking
our basements with drinking water and canned food. In spite of these stressful times, the commitment
to a vigorous space program continued and the President made his “Going to the Moon” announcement
in May 1961.

Both the US and the USSR pursued vigorous atmospheric nuclear testing programs. STARFISH PRIME,
conducted by the US on 9 July 1962 over Johnston Island raised as many questions as the answers it
provided. The Electromagnetic Pulse generated by the detonation caused power outages on the island
of Oahu (EMP) and at least 9 satellites in orbit were damaged (seven were destroyed) by the enhanced
radiation environment created in the magnetosphere. Failure of the Telstar satellite kept Walter Brown
of Bell Telephone Laboratories busy for a long time.

On 5 August 1963 President Kennedy signed the Limited Test Ban Treaty, after which all nuclear effects
testing was conducted underground.

Our Country was stunned when the charismatic President Kennedy was assassinated on 22 November
1963.


http://en.wikipedia.org/wiki/Nicholas_Christofilos

Principle NSREC Founders

Emanuel Brancato Bill Price John Winslow

After | completed my fellowship and changed branches to work directly with Pete Haas, | became
acquainted with Emanuel (Manny) Brancato who led a group that was conducting research at NRL
on radiation effects in dielectric materials. Manny was an active researcher and administrator in
the true sense and very active in professional organizations such as American Institute of Electrical
Engineers (AIEE), the NRC Annual Conference on Insulation and Dielectric Phenomena and the
International Electrotechnical Commission. We would frequently meet to discuss this subject and
he invited me to a meeting of the AIEE Committee on Effects of Nuclear Radiation on Insulation
Materials.

It was here that | met Bill Price of the Lockheed Palo Alto Research Laboratories, who was the
chairman. Bill subsequently introduced me to John Winslow, of the Naval Radiological Defense
Laboratory, who was the Chairman of the Institute of Radio Engineers (IRE) Nucleonics Committee.

After performing several experiments on radiation-induced conductivity in dielectric materials |
elected to present our results at a special radiation effects session in the 1962 Summer General
meeting of the AIEE in Denver, CO.

The next dedicated radiation effects program was held at the Summer General Meeting in Toronto
in 1963. It was as a result of these two relatively successful meetings (180 attendees in Denver and
200 in Toronto) that John Winslow, Bill Price and Manny Brancato proposed to have a dedicated
Nuclear and Space Radiation Effects Conference in Seattle.

Bill Bohan of IBM Federal Systems Division was the General Meeting Chairman in 1965 at Ann Arbor
MI. | used to tease Bill about how he and his colleagues were always required by IBM to wear a
fedora while on travel. Bill Bohan dropped out by the end of the 1970’s and | don’t know what
happened to him.
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Special NSREC Administrative
Events

Establishment of an NSREC
Merger of IRE and AIEE to become the IEEE

A Dedicated Special Issue of the GNS
Transactions on Nuclear Science

Membership on the IEEE GNS ADCOM

Changing the name of the GNS to the
Nuclear and Plasma Sciences Society

In 1963 the AIEE and IRE elected to combine their organizations and become the Institute of Electrical and
Electronics Engineers (IEEE). The scope of the radiation effects conference was broadened to include nuclear
and space radiation and it was named the Nuclear and Space Radiation Effects Conference (NSREC). Our
conference fell under the auspices of the IEEE professional Group on Nuclear Science (GNS). The Radiation
Effects Committee (Now called the Radiation Effects Steering Group (RESG) chairman) was also a de facto
member of the GNS Administrative Committee (ADCOM). As such, Bill Price, RESG chairman 1n 1964 became
a member. | was honored to be elected as the RESG Chairman to begin in 1965 and | eventually became Vice-
Chairman of the ADCOM. Bill Snyder from Sandia was elected to succeed me as RESG chairman in1968 and
eventually became Chairman of the GNS ADCOM

In ca. 1972 the GNS was renamed The Nuclear and Plasma Sciences Society.

I might add that as far as | can remember, there was always an open planning meeting at NSREC to solicit
proposals for conference subjects, locations, setting, registration fees and nominations for committee
positions. This democratic approach has always yielded the very best committee chairmen, highly successful
venues and technical programs. | remember an extended discussion over whether to raise the registration
fee from twenty to thirty dollars for fear that it would discourage attendance. The conferences were such
that members were often encouraged to bring their families. | still remember how frequently the late Jerry
Hood of Sandia would always bring his extended family in a mobile home or house trailer.

The position of Guest Editor for the Special Conference issue of the IEEE Transactions on Nuclear Science has
always been a challenging job. | was asked to be the first Guest Editor at the Toronto meeting. In my desire
to obtain a good peer review, | unilaterally elected to have the papers refereed. When the Transactions
Editor R. F. Shea learned of this he was rather upset because this had never been done before. He was a
highly competent and respected editor, but he felt that this smacked of elitism. I’'m glad he acquiesced
because the high standards for acceptance of the papers to be presented and their subsequent publication
has been one of the mainstays for the Conference success.
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So here we are back in business in beautiful Camp Mercury at the Nevada Test Site (NTS) in
1965. It was a lot colder than Bikini in January, but we could go home for weekends once
in a while. Third from the right in the rear row stands Harold Edwin Boesch, Jr.. He had not
been out of school very long and he was undergoing “Trial by Fire” trying to trouble-shoot a
misbehaving test circuit. We even got to return home for a short visit to celebrate his
marriage to Marilyn. I’'m sure many of you are familiar with talks he has given at NSREC
and papers that appeared in the TNS

Second from the right in the bottom row is Dale Shallhorn. You will remember him at
several NSRECs where he frequently coauthored papers with Bob Oswald. Dale was killed
in an automobile accident in the early 1980s.
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Some Early Sandans

ay Rogers Jack Wirth Howard Sander Bob Gregory

Bill Snyder Jerry Hood Herman Stein Floyd Coppage Wendland Beezhold

| have titled this slide as Some Early Sandians, because there were many more than these who
distinguished themselves in the radiation effects business. Starting across from the left on top is
Jim Easley. He started as a scientist at BTL and became involved in radiation effects on
semiconductor devices for ABM applications. He served at SNL for several years as director of their
NWE program before returning to BTL. Clay Rogers was also a BTL engineer who joined Jim Easley
there and later at Sandia. Next to Clay is John Wirth, who collaborated with Clay on the landmark
paper, “The Transient Response of Transistors and Diodes to lonizing Radiation.” Howard Sander
was the first to report observation of short-term annealing of neutron damage to transistors and,
in collaboration with Bob Gregory (next to Howard), performed a rigorous study of the effects of
temperature and current injection on the process.

Starting from the left on the bottom row is A. William Snyder. Bill took over for Jim Easley as
director of the NWE program at Sandia when Jim returned to Bell Labs. He was also very active at
NSREC, becoming Chairman of the RESG and President of the NPSS.

Next to Bill is Jerry Hood, a very competent engineer; one of the most gregarious and finest people
| have ever known. Everyone loved Jerry and he became Chairman of the RESG. This picture of him
is particularly significant because it is reported that, after he cut of several fingers with a radial arm
saw, he asked the surgeon to replace them in a configuration that allowed him to hold a glass. All
of us were saddened when he died at a very early age.

Herman Stein was (is?) a fine solid state physicist who has published frequently on neutron
displacement effects and won the “Best paper award” at the NSREC.

Floyd Coppage, at a past census, had attended all of the NSRECs since they began. He is now
retired

Wendland Beezhold has been very active in dosimetry and the NSREC. He moved to Idaho State
University a few years ago.
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Hard at Work at Oktoberfest in

The Leopard Tank hardening project was not all work. You can see Bob McCoskey at the
head of the table
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Throughout the 1970s there was a growing concern within the United States over placing
hardening technology for military electronic systems and components in the open
literature. There had been a continuing dialog between elements of the DOD and DoE on
how to protect sensitive information without committing harm to the United States by
inhibiting the exchange of R&D results to ourselves. In the early 1980s it was decided to
form a separate conference with restricted attendance called the Hardened Electronics and
Radiation Technology (HEART) Conference. So today we see less of some valuable
contributors because they can’t afford to go to both conferences. | consider the situation a
sad, but necessary loss.
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Father Time Keeps Ticking

Clay Rogers Max Gunnersen Bob Gregory Howard Sander Bobby Buchanan
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Father Time Keeps Ticking (2)
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Father Time Keeps Ticking (3)

Ed Conrad
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Important Historical Radiation
Effects Issues

Discovery of the Van Allen Belts

Modeling of Neutron Displacement Effects

Nature of Damage

Cluster Theory== Nonionizing Energy

Loss (NIEL)

| want to talk just a little bit about the early pulsed nuclear reactors because of the important role they played in
exploring the effects of neutron damage in transistors. In the late 1950s an often used pulsed neutron facility was the
Bare Critical Assembly (Godiva) at Los Alamos. Many organizations had conducted experiments there, including Bell
Laboratories, Sandia Corporation and The Diamond Ordnance Fuze Laboratory. Another nuclear reactor that can be
pulsed is the TRIGA MK1 reactor designed at General Atomic based on a principle by Freeman Dyson was commissioned
on May 3, 1958. It was intended by be a training reactor that, by design, could not melt down. It was fostered by Edward
Teller. There was some controversy over which was the best to use to study TREE effects; a PRF or a TRIGA. | will return to
that subject.

Discovery of the Van Allen Belts

The discovery of the Van Allen Belts by the PIONEER satellites raised new areas of concern for satellite survivability. This,
together with threat of nuclear induced radiation belts presents a modeling challenge that has yet to be fully met.

Neutron displacement Effects

Attempts to model neutron displacement damage in solid materials had been going on since the 1940s. There have been
great findings and losses but there has certainly been a net gain. One might say that semiconductor technology is fickle in
that the growing applications and concomitant constraints on size and power consumption have given the radhard
community both headaches and job security. True, a lot has been learned about displacement effects, but there are still
some nagging questions that have to be answered for the prediction of radiation-produced degradation in different
environments. | refer you to the excellent review paper by Srour and the Marshalls in the Special Issue of the TNS in
2003. The mechanisms by which neutrons deposit energy in a crystalline target like a diamond lattice were semi-
quantitatively understood before 1960 and could be described in terms of individual events. Certainly, the net partition
of the knock-on energy between the total ionization and the resultant displacement damage was not quantitatively
modeled. This process was first described analytically by Lindhard and coworkers in Denmark. This model was
beautifully validated by Allen Sattler at Sandia using a silicon solid-state detector. It was a stating point for assessment of
the spatial damage distribution, the Gossick cluster model and compatibility with the NIEL concept.

Even though great emphasis has been placed on MOS technology for memories and processors there remain many
applications for bipolar technology that require understanding of the radiation damage mechanisms.
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Important Historical Radiation
Effects Issues (2

Short-Term Annealing

Secondary Photocurrents

Radiation-Induced Conductivity in

Dielectrics =+ MOS oxides

Short Term Annealing

Everyone applauds the work of Sander and Gregory, as do |, because of their astute observation and rigorous evaluation
of the early time drop and partial recovery in transistor gain after exposure to a neutron pulse. Their detailed
examination of temperature activation, injection level and dependence on type of bombardment, i.e., 1-MeV electrons,
fission neutrons and 14-MeV neutrons allowed a closer look at the nature of the defects. Though this effect could not
have been reported in earlier work in 1958 by experimenters doing passive exposures of transistors in a Godiva bare
critical assembly reactor like SPRF, | suspect that more sophisticated investigations doing active measurements in a newly
acquired TRIGA reactor in the 1960s would still have missed observing the phenomenon because of the greater neutron
pulse width (10 msec. vs. 50msec.). | am amused that in the early 1960s when the Diamond Ordnance Radiation Facility
(DORF) was being planned Pete Haas and Jim Easley had a running argument over which type of reactor was the more
useful facility for studying neutron and gamma effects in electronics, a TRIGA or a Bare Critical Assembly like SPRF. After
Gregory and Sander reported their results Pete told me that some of his early experiments indicated that there might
have been some sort of a delayed effect in the tail of the transistor collector current trace, but they dropped the issue
and went on to other things. The moral of this study is “don’t sweep unexpected experimental observations under the
rug.” To their credit, Sander and Gregory found “the pony in the shoe box” and made a major advance in our
understanding.

Secondary Photocurrents

The landmark paper by Wirth and Rogers, “ The Transient Response of Transistors and Diodes to lonizing Radiation”, was
a first step in our battle against upset, latchup and burnout. The battle still continues as applications for integrated
circuits grow and Moore’s Law continues to bite us.

Radiation Hard MOS Devices

The push for radhard CMOS devices was, of course driven by the attractive architecture and power economy for space
applications. Reaching an understanding of the TID degradation took ~40 years because of the ,many different effects
that take place in the oxides and the interfaces., The electron-hole generation and recombination processes, the carrier
transport and the trapping that takes place at the Si/SiO, all contribute to the voltage threshold shift. Each process has its
own time, field, temperature and oxide processing dependence that made the research a monster. |

Radiation-induced Conductivity in Insulators

Modeling Radiation-induced Conductivity in insulating materials taking into account the carrier yield, mobility and
recombination kinetics is still a tantalizing problem. The structure of most dielectric materials is neither simple nor
consistent. Modeling these effects in MOS oxides has contributed greatly to our understanding.
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Important Historical Radiation
Effects Issues(3

Modeiing and Hardening of MOS Tec
Binder’s discovery of Single Event Effects
STARFISH PRIME
Radiation belt enhancement and decay
Satellite Damage
EMP
X-Ray Effects
SGEMP

Thermomechanical Effects

The Modeling and Hardening of MOS Technology

The modeling and hardening of MOS technology against TID has been a formidable task for the past 40 years,
and one can now exploit solutions to the problem. Unfortunately, as the shrinking feature size helped to
ameliorate the interface state problem it exacerbated the Single Event Effects.

Single Event Effects

The discovery of single event phenomena has raised the awareness of a threat that has been lurking and
waiting for us to overtake it. Mitigation by design and/or redundancy has been pursued since the early
discovery by Binder and coworkers. Good research is underway, but the balance between probability and
consequence will have to be sought until a more reliable cure can be found.

STARFISH PRIME

This test raised as many questions as it provided answers. The serious damage that was inflicted to satellites,
the awareness that EMP might pose a serious threat to terrestrial systems and the enhancement of the
radiation belts. Solutions to these problems have been sought since 1962 and many have been achieved, but
progress has been slow because of funding constraints.

X-Ray Effects

X-ray effects were studied at length in underground tests. The thermomechanical effects have not been
modeled sufficiently well for multidimensional response to instill confidence in the hardness of many
materials and shapes. SGEMP is a very complex process that requires good simulators, electrodynamic field
calculations and systems analysis. Improvements in all of these areas are being pursued, but not yet
sufficiently realized.
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Ed’s View of Where We Have to Go
From Here
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catastrophic single event effects require a difficult
melding of technology, circuit design and risk

assessment that must be vigorously pursued

Moore’s Law will have to be mitigated both in feature
size, foundry capitalization strategies, and possibly, by
alternative technologies.

Quantitative modeling of both high altitude natural and
nuclear effects continues to be a difficult problem and
requires some imaginative validation experiments.
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Ed’s View of Where We Have to Go
From Here (2
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damage simulation and understanding:

Ignorance necessitates large design safety margins

Large safety margins are expensive
Missile and space systems with advanced
electronic and optical technologies may, in the
future, require hardening by smart, but
uninformed younger engineers.

Good documentation of what we learn
Incentives to get into this business
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This cartoon was made in the late 1950s to illustrate the mission of the former Defense
Nuclear Agency. The sophistication of missile and satellite electronics has come a long way,
but the miniaturization and new technologies continue to introduce new deleterious
effects that must be addressed. We will always have very smart engineers, but there has to
be a means of telling them how to harden a system.
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Working | n this field has always been a joy, even after | became a people
and money manipulator. | have been mentored, admonished and

educated by many of you, and coming to NSREC is always an emotional
“Fix.”

When | look at the diversity of people who attend and contribute to this
conference | am reminded of how much the World has shrunk. And truly
become “Flat.”

One depressing aspect of preparing this talk was to note how many of
our colleagues have passed on. | felt that it would appear too maudlin to
present any statistics on that subject, but there is a lesson to be learned.

If there is a surviving past colleague that you admire and miss, don’t
keep procrastinating and saying, “I have to call them,” or “I have to send
them an e-mail.” They tend to disappear.
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