THE COMMERCIAL POTENTIAL
OF HIGH-T. SUPERCONDUCTORS

John J. Gilman

Commercial success does not neces-
sarily follow from technical success.
Successful commercial application re-
quires that the economic utility pro-
vided by an advance exceed the total
cost of production. Furthermore, the
excess utility must be substantial.
Otherwise, the rate of introduction of
the advance will be too slow. Thus
the commercial significance of the
new superconductors depends on
quantitative factors that enthusiasm
alone cannot overcome.

Although it is far too early to be
concerned about manufacturing costs
in detail, it is not too early to be
guided by estimates of cost in plan-
ning R&D directions.

There are two general classes of
applications for these materials: first,
as integrated parts of devices—small-
scale items such as computer ele-
ments and sensors—and second, as
differentiated components of subsys-
tems—Ilarge-scale magnets, levitators
and so forth. My discussion here
refers mainly to the latter applica-
tions, where materials costs are more
critical.

Markets for differentiated materi-
als are sensitive to prices. Demand
charts (which plot price vs volume)
describe this sensitivity.! The data
points on such charts often have high
correlation coefficients (up to 0.98),
and so it is perilous to ignore them. A
summary chart for a variety of mate-
rials is shown in the figure at right.
The data are for raw or semi-finished
materials, not for materials integrat-
ed into devices.

The lines on the chart are regres-
sion lines. They are exclusionary: To
the right and above one of these lines
no market exists for the given type of
material. This means that consump-
tion is associated only with points
below and to the left of the line.
Commercial significance is deter-
mined by annual revenues, that is, by
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the product of price and consumption
at a given point. Revenues in turn
determine how much can rationally
be spent on research, prototype devel-
opment and manufacturing develop-
ment to supply the market. This
reasoning assumes, of course, that
subsidies do not create an artificial
market.

One can estimate the potential
price of differentiated superconduct-
ing materials in two ways. Raw
materials costs dominate in the first
estimate, and fabrication costs domi-
nate in the second. For both, only the
lower limit is of interest.

The new superconductors are ox-
ides. Their prices are determined
mainly by three factors: concentra-
tions in the ores from which the
cations are extracted, purity and par-
ticle size. In the YBa,Cu,O. ., super-
conductors the most expensive cation
is yttrium, but it is the smallest

fraction and its contribution to the
total retail cost is not very different
from that of the barium cation. Both
cations are only about twice as costly
as the copper. Catalog prices yield
total costs for medium-purity oxides
of about $100 per pound and for high-
purity oxides of about $500 per pound.
High incentive might reduce these
costs, perhaps by a factor of two or
three.

Purity is a critical factor. For
example, consider the costs of alumi-
num oxide for various commercially
available levels of purity. (See the
table on page 87.) These costs vary by
a factor of 5000 depending on the
purity.

For a given purity, small particles
are much more expensive than larger
ones. This fabrication cost is highly
sensitive to processing method, but to
keep the discussion focused on the
lower limit of cost 1 shall not further
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Prices of some differentiated forms
of aluminum oxide

Form Price
(dollars/pound)
Powders
Bouxire (65% Al,O;) 0.11
Calcined Dayer process 025
Reagent grade 420
Medium puriry (99 9%) 2200
High puriry (99.999%) 49400
Sintered parts (medium puriry)
Electronic substrares (10 mil) 12000
Elecrronic subsrrares (60 mil) J0.00

consider the effects of processing.

To estimate a floor for fabrication
costs, consider technical-ceramic
items that are mass-produced. Such
items are used as substrates in micro-
electronics. The common ones, made
from aluminum oxide, cost from $30
to $120 per pound (see the table).
From the above data an optimistic
price level for ceramic superconduct-
ing materials is $30 per pound, where-
as a pessimistic, but quite possible,
price might be $300 per pound. From
the figure, which is a distillation of
long experience, the corresponding
rates of consumption are 630000
pounds a year (at $30 a pound) and
5600 pounds a year (at $300 a pound).
These rates convert into annual rev-
enues of about $20 million and
$200 000, respectively. Such poten-
tial revenues do not justify research
programs of more than a few million
dollars a year for differentiated ce-
ramic superconductors.

Even if one abandons caution and
expects to make these materials for
$10 per pound, the corresponding
revenues one can rationally expect
are only about $90 million per year.
This expectation might justify an
R&D program of about $10 million
per year, with a very high risk.

The case for integrated materials is
quite different. For them, the materi-
als costs are a small fraction of the
value of the device. The research
style, however, should also be quite
different. Simply stated, the materi-
als research and the device research
cannot be independent. By materials
research I mean the physics, chemis-
try, microstructure, geometry and
fabricational aspects of the device.
Working with specific devices rather
than generic specimens is undoubted-
ly difficult. For the new superconduc-
tors, however, there is evidence that
integrated materials and device re-
search will be necessary for an effec-
tive R&D program.
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Conservatively-rated power
amplifiers, with the noise-
blanking capability that pulsed
NMR demands, have been a
specialty of ours for well over
a decade. Whether your needs
for clean rf power are at the
200- to 500-watt level (as
supplied by our Model 200L
shown here) or up in the kilo-
watt range, we have the pulse
power systems to ensure
your peace of mind.

During pulse operation (at
duty cycles up to 25%), the
200L can deliver up to 500
watts over a bandwidth of 1-
200 MHz; yet when blanked
with a +5V signal it reduces
noise 30 dB in less than 5
microseconds. We know how
important that noise-free
environment is to the integrity
of your results.

If you're upgrading an exist-
ing system or moving into
high-power spectrometry for
solid-material experiments, we
suggest you work for a few
moments with an AR amplifier.
Enjoy the instant frequency
response without need for
tuning or bandswitching; the
total immunity to any degree
or phase of load mismatch; the
assurance that nowhere within
the bandwidth will the output
power be less than the rated
minimum. (When we say mini-
mum, we mean minimum.)

Call us to discuss your
present and expected applica-
tions. Or write for our NMR
Application Note 0013 and
the informative booklet “Your
guide to broadband power
amplifiers.”
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