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Well, hère it is, the year 2011, and we're 
hère to celebrate the lOOth anniversary of 
the discovery of superconductivity. The ar­
rivai of this centennial means, one way or 
another, I've now had a hand in supercon­
ductivity for 61 years. Actually, at the âge of 
85 it's a pleasure to be hère at ail. 

But I wouldn't be, were it not for médical 
magnetic résonance imaging, or MRI. Pro-
gress in the performance of those MRI im-
agers has been really spectacular. We were 
lucky to get three millimeters resolution 
when they first came into use back in the 
'80s. Now they're good for a couple tenths 
of a millimeter, and so they've really prolif-
erated. I understand there are currently 
more than 20,000 of them in use World­
wide. 

It's ail so routine now; you just go in peri-
odically for a complète body scan. The 
radiologists—they're still called that 
...should be called magneologists—they 
don't hâve to know anything anymore. 
The computer does ail the anomaly détec­
tion and just shunts you into a processor, 
which does the necessary repair work. 
That ail happens so fast you hardly know 
it. 

It's done mostly with superconducting 
accelerators zapping the faulty parts from 

ail différent directions. Afterwards, you 
undergo some superconducting quantum 
interférence device (SQUID) diagnostics 
which sensé the magnetic fields that éma­
na te from the heart and the brain. The 
magnetocardiography scan détermines if 
your pump is still functioning according to 
specs. And the magnetoencephalography 
section checks out your brain function. I 
had a little problem on that one and a few 
others, and so they shunted me over to re-
work, but l'm O.K. now. The way I feel, I 
think they replaced a few more parts 
though. In fact, it's getting so I can't even 
remember which of my parts are original 
anymore. 

Now space is full of 
those high Te supercon­

ducting oxide focal-
plane arrays put up 

there in the days of the 
SDI.. .but they're almost 

beside the point now. 

Anyway, back to the MRI machines 
...they're still using liquid-helium-cooled 
superconducting Nb-Ti alloy windings in 
the magnets. I take perverse pleasure in 
that, after ail that talk back in the '80s about 
how those blankety-blank oxide ceramic 
superconductors were going to do this and 
they were going to do that. 

Of course, they are taking over in some 
areas. 

You can make pretty good, small-size ox­
ide supermagnets now, but you hâve to 
protect them from corrosive attack, and 
you can put them through only a certain 
number of thermal cycles before you run 
into trouble. 

Aside from little research magnets, the 
first real supermagnet application for the 
oxides was for gyrotron microwave and 
millimeter wave gênerating tubes. They 
appeared first in radar sets around the turn 
of the century. As power levels were raised, 
they were very useful for heating plasmas 
in controlled thermonuclear reactor experi-
ments. With still higher power, they could 
be useful for anti-aircraft, anti-missile, and 
anti-satellite applications, but there's not 
much call for that sort of thing thèse days. 

Of course, the oxides are pretty widely 
used today for sensors, ail the way from de 
magnetic fields to radio frequency, to mi­
crowave, to millimeter wave, to infrared. 

There was a real battle between the ox­
ides and the semiconductors for the infra­
red rôle back in the '90s. The oxides 
won—not that their performance is that 
much better. Well, their bandwidth is bet-
ter, but the big factor was that they turned 
out to be a lot less expensive to process. 

Now, space is full of those high-
temperature superconducting oxide focal-
plane arrays put up there in the days of the 
Stratégie Défense Initiative.. .but they're al­
most beside the point now...hasn't been 
much use for them since Gorbachev cata-
lyzed the démocratie and capitalistic con­
versions of the U.S.S.R. and Eastern 
Europe. (Incidentally, hâve you noticed 
how obnoxious those nouveau riche, 
wealthier-than-thou Soviet capitalists can 
be?) 

Anyway, those orbiting oxide infrared 
sensors still find use in environmental 
monitoring, and in spotting forest fires and 
the occasional drug rocket lifting off from 
Cuba. 

The oxides hâve also shown up promi-
nently in analog electronics devices and 
circuits. The basis for ail that was pio-
neered with low-temperature Nb and NbN 
technology back in the '80s for the first-
generation terahertz communications and 
surveillance Systems. Most of that's now 
been pretty well duplicated in oxide tech­
nology, at least the passive éléments like 

Ted G. Berlincourt, director of research and laboratory management in the Office of the Secretary 
of Défense, Washington, DC, is concemed with policy development for and oversight of défense 
research programs, défense laboratories, and défense scientific and technical information programs. 

Berlincourt has published widely in the areas of superconductivity, physics at low températures 
and high magnetic fields, electronic structures ofmetals and alloys, history of science, and science 
policy. As a physicist he is best known for his contributions to the scientific understanding oftype II 
superconductivity and for his discovery together with Richard Hake of the superior high-magnetic-
fxeld, high-current-density superconducting properties of Nb-Ti alloys. Berlincourt holds a BS 
degree in physics from Case Institute of Technology and MS and PhD degrees in physics from Yale 
University. 

6 MRS BULLETIN/JUNE1990 
https://doi.org/10.1557/S088376940005942X Published online by Cambridge University Press

https://doi.org/10.1557/S088376940005942X


MATERIAL MATTERS 

delay lines and chirp filters—the ones that 
don't need a lot of Josephson or Giaever 
tunnel junctions. 

Those oxide tunnel junctions are still 
hard to process in large numbers with uni-
form switching thresholds, and so they 
aren't making much headway in digital 
computer electronics. That appears to be 
pretty well sewn up by superconducting 
NbN technology. Not only does the NbN 
technology now dominate the digital su­
percomputer market, but it has worked its 
way down into the business computer 
market as well. This displacement of semi-
conductor technology in the médium- to 
high-capacity computer market should've 
been widely foreseen, but the semiconduc-
tor industry fought it tooth and nail none-
theless. 

They made a little progress by using ox­
ide superconductor interconnects on semi-
conductor chips operating at liquid 
nitrogen températures, but, in the end, the 
transistors still dissipated too much power. 
That meant they couldn't be packed close 
together, and signal propagation between 
switches took too long. On the other hand, 
the NbN switches operate 10 to 100 rimes 
faster and dissipate 1,000 times less power, 
and so they can be packed very close to­
gether. In computer switches, small size 
and low power ultimately triumph. (Insect 
wings flap faster than eagle wings, and 
you can pack insects closer together!) But 
the smaller a device, and the lower the 
switching power, the more susceptible it is 
to thermal upset. So whether it's a super­
conducting device or any other small, low-
power device, it has to be operated at low 
températures. 

The NbN supercomputers are now a lot 
faster than the old '80s-vintage Crays. 
Those Crays dissipated 200 kW, while the 
NbN computer power requirement is only 
5 kW, and most of that's for the ultra-
reliable, closed-cycle hélium refrigerator, 
which opérâtes at 8 K. 

Now, as you know, after that révolution 
in the supercomputer arena, it didn't take 
long for NbN technology to take over the 
business computer market as well. Of 
course, in the beginning, most of the NbN 
computers went into military Systems, but 
that market dropped off as world tensions 
eased. Now most are used in business, en­
gineering, R&D, économies forecasting, 
global environmental modeling, and med-
icine. 

Incidentally...all that fancy MRI médical 
diagnostics I described earlier...relied on 
NbN computers. 

Actually, the transition to NbN digital 
computers was pretty traumatic for the 
semiconductor and computer industries— 
a little like what happened to the electron­

ics companies during the shakeout that 
took place when we went from vacuum 
tubes to transistors. Although IBM did the 
pioneering development in superconduct­
ing digital electronics, they disengaged in 
1983, and Japan picked up where they left 
off. 

What saved our shirts in this area were 
measures the Department of Défense took 
to reactiva te U.S. efforts. It was clear that 
the U.S. semiconductor and computer in­
dustries weren't about to do it on their 
own. 

But low-temperature superconducting 
digital electronics technology turned out to 
be a tough nut to crack, and it wasn't long 
until both the U.S. and Japan knew they 
needed each other's help. As you know, 
this spawned the AT&T - Fujitsu - Hitachi -
Hypres - IBM Superconducting Super­
computer Consortium, which has been so 
spectacularly successful and has served as 
the prototype for a whole séries of other 
international consortia. A century ago, 
they'd hâve been outlawed as cartels, but 
now their rime has corne. 

So much for superconducting digital 
electronics. Now I'd like to mention some 
of the latest developments in power Sys­
tems. 

Remember the Arab oil embargo in 1973? 
It caused so many energy conservation 
measures that electric utilities stopped 
buying central-power-station electric gen-
erators. General Electric and Wes-
tinghouse virtually dropped out of that 
business.. .and the Electric Power Research 
Institute cancelled their 300 MW supercon­
ducting generator project. 

Well, the Japanese never faltered...their 
superconducting generator development 
went ahead full speed, and they were 
ready for the market surge that began in 
2005. That's when older, conventional 
units began to wear out and, at the same 
time, power demand began to surge with 
the Worldwide économie expansion that 
arrived with the vanishing of trade barriers 
and the new emphasis on consumer mar-
kets as opposed to military ones. 

Well, we swallowed a very bitter pill and 
bought a whole raft of those very élégant 
Japanese supergenerators. I had a good 
look at one a few months ago down at the 
TVA Gallatin Generating Station. It's about 
one-fourth the weight and volume of the 
old conventional machines, has better effi-
ciency, responds better to fault conditions 
...and ail this for less than one-half the in-
stalled cost of a conventional generator. 

They're still using liquid-helium-cooled 
Nb-Ti windings though. The field coils are 
still a bit too big to allow use of oxide super-
conductors, but I expect that transition will 
take place in another five to ten years. 

Well, we may hâve bought generators 
from the Japanese, but they've bought su­
perconducting magnetic energy storage 
Systems (or SMES installations) from us. 
You recall that the Stratégie Défense Initia­
tive Organization pioneered that technol­
ogy for dual use, both for electric utility 
load leveling and for a rapid-discharge 
mode to energize free-electron lasers for 
missile défense applications. The new 
SMES installations use Nb-Ti windings 
too, and you can be sure they will for a long 
time to corne. Ail those thermomechanical 
and magnetomechanical stresses and 
strains dictate use of ductile materials. 

The first big SMES, about 100 meters in 
diameter, was built in 1995 and it worked 
like a charm. The only trouble was (pardon 
the expression) it "attracted" ail the anti-
magnetic-field activists, or magnetopho-
biacs as we call them. Now, admittedly, in 
the extrême, at very high magnetic fields, 
the Zeeman splittings, which the magne-
tophobiacs hâve never heard of, will 
doubtless alter atomic energy levels 
enough to perturb chemical and biological 
processes. But, to date, there's no hard sci-
entific évidence of any biological hazard at 
SMES magnetic field levels. Try to tell that 
to the magnetophobiacs, though! 

Anyway, back in the '90s, the magne­
tophobiacs did a lot of demonstrating at 
MRI clinics, trying to shut them down. 
Thank goodness they're nonviolent dem-
onstrators! But I hâve to tell you they do 
bruise easily, and they were no match at ail 
for the patients. Those patients were going 
to exercise their rights to MRI diagnosis no 
matter what, and they hadn't made any 
pledge of non violence. 

But a SMES...now hère was a really big 
magnet, and there weren't any MRI pa­
tients around to challenge the rights of 
magnetophobiacs to demonstrate. So 
magnetophobiacs from ail over the U.S. 
converged on the first SMES, and their 
dogged but peaceful démonstrations ever 
since hâve slowed the development of 
SMES installations in the U.S. It's a little 
reminiscent of what happened with nu-
clear power. 

Anyway, the rest of the world just loves 
SMES and hasn't coddled the magne­
tophobiacs the way we hâve in the U.S. So, 
there's a large export market, which we 
dominate because of the early U.S. lead 
and expérience in SMES technology. The 
new models really dwarf the old Mark I 
model that started it ail. 

But I still can't account for the différent 
reactions to SMES in différent countries. 
For example, in the Soviet Union, mag­
netic fields are believed to intensify amo-
rous liaisons, and so there's a lively and 
illicit resort business around Soviet SMES 
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installations. Perhaps it's because SMES is 
a Russian word, although not a particu-
larly noteworthy one. 

In any event, the reaction to SMES in Ja-
pan is just as inexplicable. I recently trav-
eled there by aerospace plane to inspect 
their SMES installations, and, quite by 
chance, I happened to witness some of the 
highly illégal antics of a cuit of magne-
tophÛic kamikazes, or magnekazes as 
they're now called. Note that I said they're 
magnetophiliacs, not magnetophobiacs. 

What they do is a little like sky diving 
and surfing combined, and the timing has 
to be just right. They hâve to guess the 
state of charge of the SMES, taking into ac-
count the time of day, the day of the week, 
and other factors such as the extent of air 
conditioner use. Then, standing atop their 
liquid-nitrogen-cooled superconducting 
ceramic lévitation disks, they drop out of 
helicopters high above the SMES. 

If they've figured everything just right, 
they free fall for a while, then they're grad-
ually slowed by the SMES magnetic field 
and eventually corne to rest levitated just a 
few feet above the ground. Still levitating, 
they can pôle themselves around and and 
play ail kinds of games. 

Of course, if they've misjudged the 
charge on the SMES, and they launch from 
too great a height, they end up plastered ail 
over the landscape. That possibility has in-
troduced a certain asymmetry into their 
choice of launch height. As you might ex­
pert, they tend to launch at a rather mod-
est altitude. That, too, posed some 
problems until they replaced the ferromag-
netic parts in their helicopters with non-
magnetic ones. The authorities used to 
leave the vvrecks in place as warning to oth-
ers who might corne in too low. 

Of course, if the SMES is fully charged, 
the magnekaze is marooned at high alti­
tude, either until the SMES discharges or 
until the liquid nitrogen coolant in his or 
her ceramic lévitation disk System is de-
pleted. In the latter case the disk normally 
loses levitating capability rather gradually 
as it warms, and the landing is uneventful. 
But if, at the same time, the SMES is in a 
rapid discharge mode, say if it's feeding 
the big free-electron laser that's used to va-
porize hazardous reentering space débris, 
things can get pretty dicey. 

Needless to say, novice magnekazes are 
usually pretty securely tethered to their 
lévitation disks, but it's really considered 
bad form to be seen hanging from one as if 
it's a parachute. 

There's some talk now in Japan of legaliz-
ing and regulàting magnekaze activity and 
thereby reducing risk. Under regulated 
conditions, any magnekaze wishing to 

make a légal drop could, for a fee, query 
the SMES data bank by radio for informa­
tion on the state of charge of the SMES and 
the appropriate launch altitude for his or 
her weight and lévitation disk model. As 
you might expect, most magnekazes be-
lieve that if it gets this routine, the thrill will 
be gone, and of course that's just what the 
authorities are hoping. 

In any event, I was so unnerved from 
watching the magnekazes that, instead of 
returning from Japan by aerospace plane, I 
decided to take a leisurely cruise ship. That 
was a most pleasant and interesting expéri­
ence because the ship used superconduct­
ing electric drive, and I had ample 
opportunity to inspect it as a guest of the 
propulsion officer. For those of you too 
young to remember, that technology was 
pioneered by the U.S. Navy back in the 
70s. 

The prime power source is a gas turbine 
which turns at about 10,000 rpm, much too 
fast to connect directly to the ship's propel-
ler. In the older ships, cumbersome and in­
efficient réduction gears were used to 
lower the rotation rate to the few hundred 
rpm appropriate for the propeller. The tur­
bine and gears ail had to be located deep in 
the ship, and the turbine's long intake and 
exhaust ducts intruded on the interior 
space. 

Despite that little prob-
lem with the fire ants in 

Waxahachie, Texas, 
they've pretty well com­
plétée! the expérimental 
program laid out when 
the 20 TeV supercon­
ducting supercollider 

accelerator was activated 
back in 1999. 

With electric drive the turbine is located 
high in the ship, where it requires very lit­
tle duetwork. The turbine drives a high-
rpm superconducting generator which 
feeds a low-rpm superconducting motor, 
deep in the ship, which turns the propel­
ler. Overall, the System saves a lot of space, 
weighs much less, and is far more efficient 
than the old reduction-gear approach. The 
superconducting-electric-drive ships still 
use the old workhorse liquid-helium-
cooled Nb-Ti alloys, because their super-

magnets are still a bit too large for ceramic 
superconductors. 

However, since the turn of the century, 
the U.S. Army has been testing a gas-
turbine-driven main battle tank which uses 
liquid-nitrogen-cooled ceramic supercon­
ductors in its electric drive System. I don't 
know if this tank will ever see production, 
though, because world tensions hâve 
eased to the point where tank warfare 
seems anachronistic, and besides it's hard 
to conceive of a peacetime use for a tank. 
Nevertheless, as an aficionado of ail things 
superconducting, I did take a trip out to the 
Army Systems Test Center for a ride in 
one. 

The tank itself performed very well, but 
the driver seemed to hâve a lot of trouble 
getting the hang of it. He was awfully inde-
cisive, and the approaches to the obstacles 
were made at bizarre angles, always from 
the far right, and I mean the far, far right. It 
was only afterward that I had a chance to 
get a good look at the driver, and you 
guessed it—none other than Governor Du-
kakis, trying to do it right this time in his 
bid for the presidency in 2012. 

While at the test center I also had a 
chance to look at the first helicopter to use 
superconducting electric drive. The liquid-
nitrogen-cooled superconducting ceramic 
generator and motor are marvels of light 
weight and efficient design and promise to 
hâve significant impact in military helicop­
ter opérations, which are now mostly just 
drug interdiction. I wouldn't be surprised, 
though, to see this technology appear in 
civil and commercial helicopters by 2015. 

Incidentally, hâve any of you been down 
to Waxahachie, Texas lately? On my last 
visit I was told that, despite that little prob-
lem with the fire ants, they've pretty well 
completed the expérimental program they 
had laid out initially when the 20 TeV su­
perconducting supercollider accelerator 
was activated back in 1999. And so it ap-
pears that the supercollider itself and the 
scientific program hâve both been smash-
ing successes. In particular, a number of 
scientific questions originally posed hâve 
been answered very definitively indeed. 

Uh, well, that's not quite ail...there do 
seem to be just a few little odds and ends 
still begging to be cleared up... nothing that 
a little 200 TeV accelerator couldn't handle 
very nicely I'm told. 

Well, you can imagine how Congress is 
going to react to that, after that little budget 
overrun on the supercollider back in the 
'90s. I suspect that the Congressional stat-
utes banning protons with energy greater 
than 20 TeV could soon face a Constitu-
tional test. 

In fact, it's no secret that high-energy 
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physicists hâve been holding clandestine 
meetings to explore design concepts for a 
200 TeV accelerator. But if they really want 
it, sooner or later they'll hâve to corne out 
into the open. I wouldn't be surprised to 
see them win the Constitutional test of 
their right to develop design concepts, but 
getting construction funds out of Congress 
will be quite a différent matter. Their only 
hope is the discovery of much-higher-
performance superconducting materials, 
which could be used to upgrade the old 
supercollider ring. That appears rather un-
likely, and even if such materials were to be 
found, the discoverer would doubtless be 
reluctant to talk very openly about them for 
fear of provoking a magnetophobiac dém­
onstration outside his laboratory. 

But enough of that... 
Now, I'd like to say a few words about 

the maglev train, the one that makes the 
run between Washington and Boston. As 
you know, our introduction of maglev 
transportation back in 2001 was the prod-
uct of a joint manufacturing agreement 
with Japan. That agreement was a kind of 
inversion of the 1989 FSX fighter aircraft 
agreement in which the U.S. supplied 
most of the technology. Those original 
maglev units, which use liquid-helium-
cooled Nb-Ti supermagnets, hâve estab-
lished an enviable record for safe, 
dependable, quiet, and comfortable trans­
portation. 

So on my way to the maglev station in 
Washington this morning, I was rather 
looking forward to another very pleasant 
trip. I arrived at the station early enough to 
take a window seat with good visibility in 
the middle of the car. Incidentally, this par-
ticular car was a new one and looked dif­
férent somehow, but I put that out of my 
mind and settled down comfortably to re-
view my notes for this talk. Then ail of a 
sudden there was a disturbance caused by 
a late-arriving passenger. I was told it was a 
magnetophobiac, making a scène because 
the only remaining seat was directly over 
one of the magnets. 

Now, normally I hâve very little patience 
with the "phobies," as we call them, but 
this one was, how shall I say it, uncom-
monly attractive. I might even say that on a 
scale of one to ten she was about 20 Tesla! 
Her délicate beauty, style, and noble bear-
ing were ail reminiscent of the legendary 
Audrey Hepburn in her heyday. 

As her plight became apparent, several 
maies in the car fell ail over each other in 
their coldly calculated and feigned gallant 
maneuvers to offer her their seats. After 
some chaos, order was restored. 

To my surprise, and through no design 
on my part (I'm above such things) she 
found refuge in the seat next to mine, 

which was about as far as you can get from 
the magnets. Well, I did my best to calm 
her fears, and soon her story came out. 

It seems she doesn't normally react 
magnetophobically, but she had suddenly 
become very uneasy when she realized 
what I had failed to comprehend... namely, 
that this very car was making the first-ever 
regularly scheduled passenger run 
equipped with the new ceramic supercon­
ducting magnets. They're being intro-
duced entirely without fanfare so as not to 
evoke the very response I had just wit-
nessed. 

I continued my attempts to reassure her, 
explaining that thèse new magnets were 
no more intense than the old ones, just 
lighter and warmer. With this révélation, 
the fear which veiled the dark beauty of 
her eyes gradually underwent a metamor-
phosis to trust. (And was there also a glim-
mer, if ever so slight, of affection?) It was 
then that an amorous crescendo, powerful 
and wavelike, enveloped my whole being. 
Yes, I know I'm 85, but, as I earlier re-
counted, several of my essential compo-
nents were replaced after my last MRI 
scan. 

But, alas, such a love could never be...I 
could never live a lie. 

Someday, sooner or later, she would 
hâve to know that, back in the '60s at the 
dawn of the high-magnetic-field supercon-
ducrivity âge, I was not only there, but, as 
an addicted magnetophiliac, I was among 
the most active participants in the great 
kilogauss race. 

Emerging from this rêverie, I gradually 
became aware that we were gliding along 
swiftly and smoothly at 200 mph. Only 
then did I notice the near silence achieved 
through use of the more modest réfrigéra­
tion system made possible by the higher 
operating température of the ceramic su­
permagnets. This greater quiet had a fur-
ther calming effect on the exquisitely 
beautiful and vulnérable créature at my 
side. Taking me still further into her confi­
dence, she confessed that the ceramic 
magnets had been only part of the source 
of her discomfort. 

What really distressed her was a press 
release, which had corne into her posses­
sion only this morning. With a trembling 
hand she proffered it. 

Now, I know that you've been isolated at 
this conférence hère in Tilton for the past 
several days, and doubtless you've not 
heard this news...so I'il quote from the re­
lease: 

'Today a research team composed of or­
ganic chemists and physicists, led by Dr. 
Boris Sverkprovodimost of the Institut fur 
Organischen Supraleitern announced the 
discovery of a new organic chemical mate-

rial which exhibits superconducting prop-
erties at unprecedentedly high values of 
température, magnetic field, and current 
density. 

The new material is composed of inex-
pensive ingrédients and is easily synthe-
sized, formed, and fabricated in ail 
configurations of interest for both small-
scale and large-scale applications. 

The isotropic, ductile, high-modulus, 
durable, and corrosion-résistant character 
of the material assures its suitability for ap­
plications in which extrêmes of magneto-
mechanical, thermomechanical, and 
environmental stresses are encountered. 

Measurements hâve revealed a transi­
tion température of 450 K, and a critical 
current density of one million A/cm2 at a 
température of 350 K and in a magnetic 
field of 100 T. 

The composition, structure, and tech­
niques for synthesizing the new organic 
superconductor are ail being fully dis-
closed in an article simultaneously being 
published in the Interplanetary Journal of Or­
ganic Chemistry" 

Imagine that.. .a plastic superconductor! 
Now, you're doubtless as curious as I 

was about where in the world this remark-
able development took place, for depend-
ing upon that factor, this advance could 
either reinforce the new era of interna­
tional sharing and coopération, or it could 
intensify old rivalries and rekindle nation-
alistic greed. Unfortunately, the location 
could not be easily ascertained. The date-
line on the press release was badly 
smudged and stubbornly resisted our 
most diligent efforts to decipher it. 

We puzzled over the research team lead-
er's name—Sverkprovodimost—which is 
simply the Russian word for superconduc-
tivity. And we wondered about the obvi-
ously German name of his institute. Then, 
in an inspired move, my companion seized 
the press release, and, leaning across close 
in front of me, she placed it against the 
maglev car window, where the sunlight 
streamed through. In that way she could 
view the release in transmitted light. 

The délicate scent of her perfume perme-
ated my sensés, and the sunlight diffract-
ing in her hair formed a thousand 
rainbows. I watched, hypnotized, as in 
slow motion her incredibly sensuous lips 
form the letters U-T-A-H, followed by the 
word "Utah." 

This révélation triggered a glimmer of 
hope in her countenance and then a smile, 
at first enigmatic but finally joyous and ec-
static! As her spirits soared, mine plumme-
ted...and visions of warm plastic 
superconductivity vanished, obliterated 
totally by the specter of unrequited cold fu­
sion. D 
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ORLDCLASS 
SUPERCONDUCTING 
THIN FILMS 
GROWN BY MBE 

For maximum déposition control and flexibility 

Effusion cell evaporators 
The EPI Dual Filament Effusion Cell gives 
précise control and evaporation ease for 
materials such as Copper and Barium 
Fluoride. 

The EPI High Température Effusion Cell 
évaporâtes Yttrium and Lanthanum with 
unprecedented controllability; éliminâtes 
the need for E-Beam evaporators. 

Upper déposition chamber 
Differentially pumped for oxygen over-
pressures during growth. 1000° C 
substrate heating in 1x104 oxygen. 
Simple, reliable sample introduction. 
Gâte valve isolation from source chamber 
for post-déposition oxygen anneal. 

Lower source chamber 
Accommodâtes eighi effusion cell 
evapoîmtors or a eombination of six 
effusion celîs and two E-Beam 
evapomÉors. 

Pn^umatically operated fast-action 
shutters for abrupt film layering. 

WiMdh température (2QQ(FC} Effusion Cell 

EPI 2208 Déposition System 

Flexible source flange arrangement 
for alternate déposition technique 
change-overs. 

Both chambers are constructed for 
ultra-high vacuum base pressures of 
10x1010Torr. 

For MBE, for world class superconducting 
thin films, get right to the source.. .EPI. 
For complète information or prompt 
quotation, call, write or fax us. 

lr •-*• 

•&v< 

261 East Mfth St. 
St. Paul, Minnesota 55101 
PWie ^12/224-1140 
F̂AX 61:27224-0266 / 

S 
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SEM/TEM X-RAY ANALYSIS MADE EASY 

PGT Qmega SLS 
The Sealed 

Light Elément 
Spectrometer 

Wïth 
A 

Différence! 
The X-ray Detector With Superior 
Durability And Enhanced Sensitivity. 
• Détection of ail éléments from boron and up. 
• Able tb withstand 2 atmosphères without rupturing. 
• 25% more active area with the standard 12.5 sq. mm System, 

allowing the detector to provide more counts throughout the 
spectrum. 

• 30 sq. mm Systems available providing the maximum solid angle 
to detect minimum mass in an Anafytical Electron Microscope. 

• Improved sensitivity permits low voltage microscopy and analysis 
with L-lines resulting in submicron X-ray spatial resolution. 

• Large solid angle plus improved sensitiviiy allows practical soft 
X-ray mapping. 

• 4 times more carbon counts than current 1 atmosphère 
detectors (PGT still offers windowless detectors for ultimate 
sensitivity). 

• Increased durability for extended trouble-free opération. 

Spectrum of a naturally occurring iran carbide 
(Cohenfte) from the Canyon Diablo météorite showing 
the carbon Ka and iron L séries peaks. The minerai 
contains 1.55 wt% Ni and 6.67 wt% C 
(sample courtesy of Prof. J.l. GoWstein) 

Leader From The Beginning...Committed To Stay In Front! 

HPIGITI 
A Metnber of »/)« MMhMy* Group 

Princeton Gamma-Tech, Inc., 1200 State Road, Princeton, IVU 08540 Tel: (609) 924-7310 
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