1988s Hottest

Superconductor
Companies

Media hype aside, superconducting is serious
business for a growing number of companies

O ONE CAN deny that superconductors

were 1987's technology superstars. Dra-

matic laboratory breakthroughs thrust
them into such prominent places as the covers of leading na-
tional magazines. But so much emphasis on breakthroughs in
advanced research and the promise of a technological revolu-
tion obscures the fact that superconductors already support
a growing industry.

But there is still room for expansion. Industry revenues
were just $300 million in 1987, according to Strategic Analy-
sis, a business and market-planning company. Strategic
Analysis expects the 1988 superconductor market to remain
at about the same level, and projects an increase to $3 billion
by 2005, barring an unforeseen breakthrough in technology.
That's an average growth rate of only about 10 percent, quite
modest for a high-tech business.

Still, even the current market for superconductors repre-
sents sizeable potential for the 48 competitors involved
worldwide. The entire commercial market is for the older nio-
bium superconductors, largely used for making ultra-high-
powered electromagnets, although electronic applications
are growing. A promising potential market for niobium mag-
nets is the proposed Superconducting Super Collider, a $4.4-
billion Department of Energy project for conducting basic,
large-scale physics research.

4

18 ® WIGH TECHNOLOGY BUSINESS | JANUARY 1988

| s
imer|

The markets for niobium supercon-
ductor products are dominated by es-
tablished companies, especially General
Electric and GA Technologies, leaders
in producing magnetic-resonance imag-
ing equipment used in medical diagno-
sis. Other companies are finding they
can prosper by specializing in other ar-
eas. Hypres, for example, is carving out
a dominant role in the nascent market for superconducting
electronics. Biomagnetic Technologies has developed a prom-
ising new imager that can detect brain activity, and Quantum
Design is marketing a superconducting device that monitors
metal corrosion.

Meanwhile, there's been a recent spate of startups that
hope to cash in by developing usable, high-temperature su-
perconductors. However, this latest generation of supercon-
ductors uses ceramic materials, which are brittle and much
harder to work with than metal. Most research is looking for
ways to produce workable versions of these ceramics. How-
ever, experts—such as IBM senior researcher Paul M. Grant
and Stanford University physicist Theodore H. Geballe—
point out that the ceramics cannot yet carry enough current
for practical use. Therefore, ceramic superconductors cannot
significantly displace the niobium-based products now in use,




they contend. Hence the prospects for ceramic superconduc-
tors remain wildly speculative. ,
Nevertheless, money is being spent on ceramic research,
and many entrepreneurs dismiss the above attltu(_ie as need-
lessly pessimistic. Venture capitalists have committed about
$25 million to start ceramic-superconductor companies, and
have poured an equal amount into niobium‘sqp.erconductor
companies. Other financing for superconductivity rgsgarc_h
comes from federal support, which totalled $29 million in
1987. The National Academy of Sciences recommends a boost
to $100 million this year. In addition, companies such as IBM
and AT&T Bell Labs are doing significant resea.rch. )
Superconductivity work falls into 10 categories. In the nio-
bium segment, five of the activities cater to commercial mar-
kets. These markets involve small custom magnets for re-
search; large custom magnets for electric power and energy
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Biomagnetic Technologies’
Steven James opens a new
field for established,
niobium superconductors.

o

research; production magnets, especially for magnetic-reso-
nance imaging; electronic products; and wires, rods, and ca-
ble, usually used to make magnets.

Another niobium activity is research and development to
come up with products that offer improved superconductive
properties.

All ceramic superconductor activities focus on research.
Studies are underway on the principles and properties of su-
perconductivity, the production of ceramic wires and tapes,
the application of superconducting coatings, and future su-
perconducting uses. With ceramic superconductor activity
still centered in research, the technological revolution is prob-
ably a lot farther away than last year's media hype would
lead you to believe; the new superconductors being developed
in laboratories face formidable technical barriers.

Superconductors are materials that give no resistance to
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electric currents. As a result, all the pow-
er that goes in one end of a superconduc-
tor comes out the other. They produce
particu\ar‘.\' strong magnetic fields, and
they bring new physical principles to
electronics, yielding ultra-fast circuits
and very sensitive instruments.

The problem is that today's supercon-
ductors, which are made from alloys of
the metal niobium, only work when
they're cooled to sub-Arctic tempera-
tures using liquid helium. That requires
expensive cooling equipment and makes
the technology too costly for all but spe-
cial uses, such as magnetic-resonance im-
aging machines, and a few electronic de-
vices for defense and industry.

Researchers are creating superconductors that work at
somewhat higher temperatures, although they still must be
cooled with liquid nitrogen. Because they’ll be cheaper to use,
these new superconductors are raising hopes that they'll
bring advances such as computers that operate with un-
heard-of efficiency, magnetically levitated trains, and cross-
country electric power lines.

This adds up to an emerging, technology-driven industry
that will no doubt be subject to surprising developments. But

for the near term, the business of superconductivity will fo-
cus on the following 10 areas.

Niobium magnets. Production superconducting
magnets, built by the hundreds to standard designs, repre-
sent the backbone of the industry. Last year’s sales reached
about $200 million. About $150 million of that was spent on
magnetic-resonance imaging, a technique that uses magnetic
fields and radio waves instead of X rays to look inside the
body. More than 300 such systems are sold annually, a solid
commercial base. Carl Rosner, president of Intermagnetics
General, expects medical magnet sales to rise to $350 million
by 1990.

The lion’s share of this growth should go to Siemens and
General Electric, current market leaders for magnetic-reso-
nance-imaging machines. About half the niobium magnets
used in these machines come from Oxford Instruments. Oth-
er major suppliers are GA Technologies and Intermagnetics
General.

These companies could also get a boost in the next two
years from the Super Collider, which would require about
10,000 magnets that could yield an additional $300 million in
revenues each year. However, the potential Super Collider
market rests on the capricious will of Congress. So far the
program has generated a lot of attention, largely because the
facility is expected to bring a considerable boost to the re-
gional economy in its location. But when the Department of
Energy picks a site in July, lawmakers from the 49 other
states will probably lose interest in the program, and the pro-
)i(s?ct;-:g::-‘d be ripe for a major cutback early in the next admin-

Niobium electronics. 1n electronics, where the market for

superconductors stood at il
Ko Seongen about $40 million last year, atten-

e 5 on the Josephson junction. Named for Nobel-
:’;22(;"2 annsh‘phygicist Brian Josephson, the junction is a
Y €lectronic switch—the fundamental unit of a comput-
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Niobium
production magnets

1987 SIZE; $200 million

PLAYERS: GA Technologies, General Electric,
Hitochi, Intermagnetics General, Oxford
Instruments, Siemens, Toshiba

er—that operates a thousand times fast-
er than a transistor and uses a thousand
times less energy. From 1969 to 1983,
IBM invested $300 million to develop a su-
perconducting computer, but t,h.en aban-
doned the effort in favor of continued de-
velopment of silicon. Now Hypres owns
IBM's Josephson licenses and is pursuing
other uses. The first company to offer a
product based on Josephson circuitry,
Hypres sells an oscilloscope that does
laboratory testing and is five times faster
and 50 times more sensitive than compa-
rable devices.

Such innovation puts Hypres above
other market-segment contenders—the
company has garnered about half the $25 million in venture
capital spent on niobium technology. But two new ‘challeng-
ers, Biomagnetic Technologies and Quantum Design, hgve
suddenly entered the running with innovative new applica-
tions for superconducting in electronics.

Biomagnetic Technologies has developed a novel method
of medical imaging to detect the weak and evanescent mag-
netic fields produced by the brain’s neurons. This method pin-
points brain cells that cause epilepsy and promises early diag-
nosis of such diseases as Alzheimer’s and Parkinson's,
according to the company. The Food & Drug Administration
recently approved the instrument, called the Neuromagneto-
meter, for use in research hospitals; that has prompted Bio-
magnetics to abandon all other work and focus on neuromag-
netism. The Neuromagnetometer costs $825,000 to $1.3
million.

Quantum is marketing the Magnetic Property Measure-
ment System to universities and research labs, many of
which use it in advanced superconductivity research. The
product is already a runaway success; the company has about
a 16-month order backlog. But perhaps more promising is a
rust detector based on the system, being developed for a re-
search program with MIT. The device senses the weak mag-
netic fields resulting from the chemical reaction that occurs
in corroding metal, offering substantial benefits for compa-
nies such as petroleum producers, which rely on extensive
networks of pipelines. A new subsidiary, Quantum Magne-

tics, is preparing laboratory and industrial versions. An intro-
duction date has

not yet been an-
nounced.

Both Biomagne-
tic’s medical-imag-
ing product and
Quantum’s rust
monitor rely on the
superconducting
quantum interfer-
ence device
(SQUID), which con-
sists of two Joseph-
son junctions. This
exquisitely sensi-
tive detector can
pick up magnetic -
fields a billion times .. -
weaker than the |

§
g
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High Technology Business’ Guide to Superconducting 1988

The following directory lists the 48 companies active in
superconquctgr research and sales around the world.
Alphabetical listings within categories—United States,
European, Japanese, or startup companies—represent
the full spectrum of superconductor activity, from small

entrepreneurs to large corporations doing small-scale
research to major players already profiting from this
growing technology. The list includes all companies
our researchers could find, no matter how significant
or insignificant their current programs may appear.

1. American Magnetics Kenneth Efferson, president Privately owned; soles of $1 million 20 Bukding custom iobium superconduct-
Box 2509 Robert Jake, v.p., generol manager  to $5 million ing mognets and instruments for re-
Oak Ridge, TN 37831 E.T. Henson, v.p., marketing and search use; pursuing the specialty-
(615) 482-1056 gt it
2, ATAT Bell Labs/Bell Robert Dynes, director, chemical AT&T subsidiaries; Bell Labs has an 40 In superconductivity research since
Communications Research physics research annval budget of $2.25 billion, 10 1950; developed nicbium alloys, did
(Bellcore) Donald Murphy, head of solid-state  percent dedicated to basic research early work on Josephson junctions.
600 Mountain Ave. chemistry research Made major contributions fo the discov-
Murroy Hill, NJ 07974 Poul E. Fleury, director, physical ery of high-temperature ceramic super-
(201) 582-3000 research lab conductors. Currently pursuing basic
3. Beditel National Robert J. Loyd, project Privately held; sales of $140 mil- & (more expected  Developing SMES as part of the Strate-
Box 3965 Superconducting Mognetic Energy  lion. SMES contract worth more in early 1988) gic Defense Initiative; may use experi-
San Francisco, CA 94119 Storoge (SMES) than $10 million ence 10 enter commercial utility mar-
(415) 768-1234 ket.
4. Biomagnetic Technologies Stephan 0. James, president, CEO  Privately held. Raised $5.2 million 85 Marketing SQUIDs and related equip-
4174 Sorrento Valley Bivd. William C. Black, senior v.p in first-round financing in 1985, ment, including its
San Diego, CA 92121 Eugene Hirschkoff, v.p., operations $4.2 million in second round, 1987. for observing brain functions. Seeking
(619) 453-6300 Projected 1987 revenves, $3.7 partership with medical-equipment
milion company 1o sell and support products.
5. E 1. Du Pont de Nemours Edward Meod, manager, supercon-  Listed on New York Stock Ex- 30 Attempting 1o apply its expertise in
1007 Market St. ductor business change. 1986 earnings, $1.1 chemicol processing 1o the large-scale
Wilmington, DE 19898 Rudolph Pariser, director, odvanced  billion; sales, $29.4 billion production of superconductors.
(302) 774-1000 materials research 10 supply high-temperature supercon-
Arthur W. Sleight, research leader ductor markets as they emerge.
6.&11(.&‘.“ Stanford R. Ovshinsky, president, Troded on NASDAQ. Fiscal 1986 About 10 Studying ceramic and nichium-based
1675 W. Maple Rd. CE0 net loss of $27.9 million on reve- superconductors. Developed a process
Troy, MI 46084 Stephen J. Hudgens, v.p., R&D nue of $21.1 million; superconduc- for mixing fluoride with ceramic for
(313) 260-1900 Rosa T. Young, sr. , group fivity work intemnally funded ot $1 higher-temperature i
leader million but process not independently verified.
Plans 1o license forination technology
if @ market develops.
7. triex Mognetics /Erlex Chester F. Giermak, president Privately held; $40 million in sales 10 Designed and installed the first super-
Manufaduring Jorry Selvaggi, consultant/engineer- conducting mognet for industrial use, o
Asbury Road at Airport ing manager separator that removes impurities from
Erio, PA 16514 day. Plans to compete with conven-
(814) 833-9881 tional separctors that remove particles
; from wastewater.
8. Ford Motor John McTogue, v.p., research Troded on New York Stock Ex- S Working with Detroit’s Wayne State
Box 1899 Marga Roberts, director, chemistry change. 1986 eamings of $3.3 bil- University on
Dearborn, MI 48121 and physical sciences lion on sales of $62.7 billon m—ﬁ:w:m-:r-
(313) 322-3000 0‘:';: Davis, manager, physics Aeronutronic Division in Newpart
o Boach, Calif.
vice chairman Privately owned; 1986 sales of 100 Designing and building specialired mag-
9. GA Tecmologles/ Applied Tihiro Ohkawa, ' $154 mllon nets. GA’s subsidiary, Super-
.“m' Applied Superconstics *,-ﬁ*_.buh*
San Diego, CA 92138 John Alcorn, manager, Supercon- :&.n for the
(619) 452-3400 ducting Mognet Grovp ok
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Paren compeny, Alled-Signel. 02 B o coromt powdr for shecronics and
New York Stock Exchange; Garrett s
Los Angeles, CA 90009 hod 1986 sales of $2.15 billion industrial use.
(213) 776-1010 for Department of
11. Generdl Dynamics David Walker, chief, R&D designs  Troded on New York Stock Ex- wmpoh::m "'%"""m'm_
Spoce Systems Division Robert Johnson, program manager, change. 1986 revenues, $8.9 bil- U‘Y“ pre- &."" x magnets for the
5001 Kearny Villa Rd. lion; loss of $63 million due to poring proposals s‘:““w:""
San Diego, CA 92123 $420-million write-off of purchase g
(619) 573-8000 price of Cessna Aircraft
-resonance-imaging
2. General Becric John Troni, sr. v.p., Troded on New York Stock Ex- 20 ot R&D Cen- Supplying
‘WSMW change. 1986 eamings of $2.5 :;:;Md wmmmn-dhl
Box 414 Michoel J. Jeffries, R&D manager, billion on sales of $35.2 billion Y Group gansrsters e
Miwoukee, W1 53201 employs several working on high-temperature
(414) 5443011 hundred superconductors.
13. Generdl Motors Donald ). Atwood, vice chairman Troded on New York Stock Ex- 5 wm;l:'kﬁm-w_'
Technical Center Robert Frosch, v.p., GM Research  change; 1986 eamings of $2.9 bil- to deposit m’m’
Ware o ' P S - msmc:‘mdo-uw‘:m
Warren, Ml 48090
(313) 5751188 technique that lays down fims without
the use of vacuum.
14. Hypres Sodeg M. Faris, president, CEQ Privately held; venture funding of 75 Produces o commercial Josephson-junc-
500 Executive Bivd. Gerald M. Haines; v.p., CFO $2.2 million in August 1983 and tion microchip that it uses in electronic
Bmsford, NY 10523 Eric Honson, v.p., product develop-  $6.4 million in December 1985 instruments. Plans 10 introduce more
(914) 592-1190 ment such devices; seeks partner to develop
and market o computer.
15. mm Prouveen Chaudhari, v.p., Troded on New York Stock Ex- Not available Studying high-temperature materials to
Watson Research Center physical-science research change. 1986 eamings of $4.8 bil- achieve superconductivity ot room
Box 218 Alex Malozemoff, coordinator, lion on revenues of $51.2 billion; femperature.
Yorktown Heights, NY 10598 superconductivity program 1986 R&D and engineering budget,
(914) 945-3000 $5.2 billion
16. imtermagnetics General Carl Rosner, chairman, president Troded on NASDAQ. Lost $3.9 mil-  More than 300, The leading U.S. maker of wire and
Charles industrial Park C. Richard Mullen, sr. v.p., lion on revenues of $14.3 million in produc- cable, and magnets for commerciol and
Box 566 e 1987; 1986 profit of $1.6 million tion workers research markets. Saw 1987 loss after
Guilderiond, NY 12084 Bruce A. Zeiffin, v.p., onr of $21.2 million its largest customer, Johnson & John-
(518) 456-5456 son, discontinued product line. Posi-
fioned to be leading supplier of mog- .
nets for the Super Collider.
17. Micreslectronics and Grant A. Dove, chairman, CEQ Owned by consortium; $75-million 7 Coordinates research efforts of elec-
Computer Technology P operating budget fronics companies that own it. Develop-
3500 W. Balcones Center Dr. Harry Kroger, technical director, ing high-temperature superconductors
Austin, TX 78759 pockaging and interconnects for electronics packaging and intercon-
(512) 3430978 nects. Seeking new participants.
18. Quantum Design William B. Lindgren, president, Privately held; recently topped 7 instruments
11578 Sarrento Valley Rd. $1 million in annual sales wmurm
San Diego, CA 92121 Michoel B. Simmonds, v.p Biomagnetics Technologies. A subsid-
(619) 4814400 iary, Quantum Magnetics, will market
additional SQUID-based instruments,
including o rust detector.
19. Soparcen James Wang, president Privately held; annual sales of
30
830 Boston Turnpike Rd. Eric Gregory, v.p., general $1 million to $5 million ﬂ&*m&t:
(Mr)uu')"“““s ' ummﬁi»
o 174 - ply the Super Collider.
. Teledyne Al Riesen, president Troded on New York Stock Ex- 10 In R&D Leading supplier f
:‘0;1‘5-104& Chet Leroy, v.p., technology m:m&:o*m mhrm hrmu::‘ln-ﬁywh
.6 for the first
gy i ST
I for magnets in the Super Collider.
- Wiliam s p Josephson-junction dirauit
‘h::. Simmons, director, group YM‘:":«V«&S.::;" . ~ About 20 R
H-'am .‘um'n Amold Siver, heod, superconduct-  million on sales of $5.4 bilfion : e
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velop products for military and
space markets. ——



Piftsburgh, PA 15235
(412) 256-1352

Troded on New York Stock Ex-
change. 1986 earmings of $671

illion on revenves of $10.7 billion

23. American Superconductor
21 Erie St.

Cambridge, MA 02139
(617) 499-2600

24. AppiiTech of Indiona
8150 Zionsvile Rd.

Privately held; $4.35 million from
American Research & Development,
Rothschild Ventures, and Venrock

Holds a license on an MIT process for
making ceramic wire and tape; plans
10 open pilot plant in 1988 to produce
wires and ribbons, windings for mag-
nets, and passibly thin wires for elec-
for 7 10 10 years.

Indianapolis, IN 46200

Privately held; financial data

ailable Mﬁt’-"‘l ":ﬁ :
unav ; °
process for efiminating flows. Pilot
(317) 872-6109 plant expected in two years.
25. Arch Steven Lazarus, president, CEQ Nonprofit; funded by Argonne 50 scientists Setting up a company fo develop o
1115-25 E. 56th St Brian R.T. Frost, director, National Laboratory and University and technicians way 10 make ceramic wire. Plans to
Chicogo, IL 60637 Technology Transfer Center of Chicago ot Argonne icense patents, form cooperative
(312) 702-7417 Argonne National Laboratory RAD parterships, and create new
Janett Truhatch, associate v.p. companies.
for Research, University of :
Chicogo
26. Ceramics Process Systems  H. Kent Bowen, chairman Common stock fraded on NASDAQ. Asmonyas12  Developing metal-ceramic layered
840 Memorial Dr. Clayton M. Christensen, presi- 1986 revenue, $2.6 million; net packoges for infegrated circuits. Wants
Cambridge, MA 02139 dent, director loss, $4.1 million 10 link marketing with ofher compo-
(617) 354-2020 George A. Neil Jr., exec. v.p., nies hwuquh_ﬂ—.qm
operations thot can be made using micro-smooth
/ sheet forming, metal-ceramic lami-
nates, ond molding.

Conductor Technologles Stephen J, Lowrence, president Privately held; undisclosed amount None full-time Supports the work of MIT researchers
27. i ..mj'm 1 from privole sources who are developing electronic devices
1001 Connecticut Ave. N.W. v.p ' o s s v,
Washington, OC 20036 sesking priority in icansing resuling
(202) 452-0900 potents.

28. Cond John Shoch, president, CEO $6 million in first-round financing None full-time wuu--n:t:
2275 £. Bayshore Rd. Tomy Sun, CFO ‘ el S yoeless snalombgtors.
Palo Alto, CA 94303 ' ploring very high-speed digital devices,
(415) 494-7836 field detectors (SQUIDs) and
other sensors, and high-speed electron-
i interconnections.
chaieman, CEO Listed on NASDAQ. Soles of $2 2 i = gt
ﬂ'owmw”’"' ::m.l‘."b-, director, R&D million, earnings of $65,000 ::;""'#:m
Tronier, PA 19013 ‘ yemperoture. Working with MIT,
15) 497-4660
(;o) - -~ _— Privarely held; soles of $500,000 \ part-time u-‘lt:.m&
. Guemsey Coating Guermaey. physicist in optical coatings; seeking il '
4464 McGroth S1., Unit 106 Sam Pelicor, consulting phy $500,000 in venturg capitol wih coramkc
Ventwra, CA 93003 Sl '

- - : bulk co-
ey preg ey T
51, e T T St
(503) 684-2974 ' )
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6-1 Marunouchi, 1-chome
(hiyoda-ku, Tokyo 100, Japan
(03) 2163211

33. Furvkawe Bectric
2-6-1, Marunouchi
Qhiyoda-ku, Tokyo 100, Japan
(03) 286-300)

34. Hirochi

Central Research Laboratory
Kokubunji, Tokyo 185, Japan
0423-23-111 x 3217

35. Kowusaki Steel
2-2-3, Uchisaiwaicho

Qvyodo-ky, Tokyo 100, Japan
(03) 597-3111

36. Matsushits Beciric Industrial

Researching high-temperature

particular interest in thin films. Working on
Josephson junctions to develop o superconducting
computer.

ceramics, with

Working on ceramic thin films for silicon wafers,

38. nec

5-33-1, Shiba

Minato-ku, Tokyo 108, Japan
(03) 454-1111

39. Nippon Steel

2-6-3, Otemachi

Chiyoda-ku, Tokyo 100, Japon
(03) 242-4111

1-1-2, Shibakoen possibly leading to a process thot uses
Minato-ku, Tokyo 105, Japan superconductors in infegroted circuits.

(03) 437-1121

37. Mitsubishi Blectric Researching superconductivity since 1958;
2-2-3, Marunouchi experimenting with ceromic-based, high-
Chiyodo-ku, Tokyo 100, Japan femperature materials. Makes superconducting
(03) 218-2111 tape.

40. Nippon Telegraph & Telephone  Pursuing Japan’s largest development effort in
1-6-1, Uchisaiwaicho hson-j mm;:o

, Tokyo 100, Japan e
e T
4. sumitomo Blectric Industries  Has more than 400 Japanese patent applications
3-12-1 Moto-Akafaka in ceramic uwm Sumitomo
Minato-ku, Tokyo 107, Japan Heavy Industries is building o superconducting
(03) 423-5111 synchotron, expected by 1989, to etch chips.
42. Toshibo Developing experimental ceramic wire and fape
1-1-1, Shiboura by bonding superconducting powders inside o
Minato-ku, Kawasaki 105, Japan metol capillary.
(03) 597-711

43. ASEA-Brown Boveri

Researching high-temperature superconductors
$-721 83 for use in high-powered magnets and
Vafteraf, Sweden generators.

021-10 00 00

44, Cryogenic Consultonts Designing and manufocturing

Metrostore and superconductor-cooling equipment, including

231 The Vale mognets for research, mineral

London W3 7Q5, England SQUIDs, and related electronic devices

01-743-6049

45. Generd Bearic Makes magnetic — equipment

1 Stanhope Gate with magnets from Instruments.

London W1A 1B, England superconductors

01-493-8484 for use in large magnets, electrical machiners,
and electronics.

earth’s. Almost all electronic uses for superconductors in-
volve SQUIDs. )

For instance, the Defense Department buys SQUIDs, pri-
marily from TRW, Westinghouse, and General Electric. The
Navy is studying SQUIDs as submarine detectors, and the
devices are also being used in the Terahertz Initiative, an off-
shoot of the Strategic Defense Initiative that seeks to devel-
op Josephson-based technology for radar and communica-
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46. Oxford Instruments Grovp Has about 50 percent market share in magnets

Eynsham for magnetic-resonance imoging; also makes

Oxford 0X8 1TL, England niobium-alloy wire and cable. Expected to

(0865) 881-437 become major supplier of wire and cable for
magnets used in the Super Collider.

47. Plessey Developing ceramic superconductors; studying

Vicaroge Lane applications in electric-power cables, Josephson-

Iiford, Essex IG1 4AQ, England function circuits, SQUIDs, and thin films.

01-478-3040 -

48. Siomens | " A leading builder of superconductor mognet

Wittelsbacherplatz 2, Muenchen systems and magnetic-resonance imaging

Postfach 103, D-8000 1
Federal Republic of Germany
(089) 234-10 i

equipment, Developing test mognets for medical
market,

i

tions. However, this effort has a modest $4-million budget.
Niobium rods, wires, and cable. The $10-million annual

supply line for rods, wires, and cable provides the basic elec-
trical conductors used in superconducting magnets. Teledyne
Wah Chang is the industry’s chief producer of niobium-alloy
rods. It sells them to wire-fabrication houses—mainly Inter-
magnetics General, Oxford Instruments, and Supercon—



¢, which in tury may be
];g SL Cable Specializes in
! 1e€d by other compani

e nies.
Competitive ¢ Stll the key to market dominance.

on niobium-tin compounds,

: : est commere; :
Ity properties, but which h:xrvcéat],leyeava“ab‘e superconductiy-

use. Intermagnetics Geo " too brittle for practical
; n :

co',‘tm_“Ous, thin strands ggaéoga?e ot lomgonally produced

ny S_“]mternal tin” multifilament

particles of the compoyng rath .

fast becoming an industry stan?i;g;én continuous strands, is

’s, and Cryogenic Consultants,
1S research include:

a largely experimental method for cre-
ating more finely
detailed computer
chips than can be
made with estab-
lished technology.
Superconducting
magnets steer in-
tense X-ray beams
Small niobium magnets  that lay down mi-

croscopic circuit
for research . patterns. Oxford
Instruments, in a

1987 SIZE: $10 million

three-year, $15-mil-
— . g— lion effort for IBM,
= 2TE0: Americos '[M"l ks, ASEA-Brows is building a proto-
scut, Cryay < b bt Mg type of such a de-
fics, GA Technologies, Hitachi, Intermagne- i
tics General, Oxford Instruments Group, VICE. :
/ i @ Powerful indus-
trial magnets made

from superconduc-
tors. These magnets could be used to treat wastewater or re-

move impurities from oil or coal. Eriez Magnetics, aided by
GA Technologies and Cryogenic Conspltants, recently sold a
$2-million prototype superconducting
magnetic separator to J.M. Huber Corp.
of Wrens, Ga., which will use it to remove
impurities from clay. The p'roducts lig-
uid-helium cooling system is computer
controlled, so Eriez claims the system re-
quires no special skills to operate. Thus

strength of those
used today, and Ox-

ford Instruments is
building  similar
test magnets.
Niobium rods, wires, R&D of niobiym
and cable materials. As last
ear’'s h i
1987 SIZE. $10 million d ik e

touted ceramic su-
{)erconduct,ors, Te-
: ' edyne Wah Chang
Hlectric, Infermagnetics Generdl, Mitsubishy . qQuietly developed a
Bectric, Oxtord Instruments Group, Super- . more homogeneous

form of the com-
- pound niobium tita-
nium, the basic ma-
1 le used in magnets.
1S new form generates stronger m i

pound is unpopular
because it is brittle,
but Teledyne Wah
Chang is working
on improved ver-
sions.

Teledyne’s niobi-
um research fund- R&D of
ing of about $1 mil- niobium materials
lion is relatively
modest. But as the 1987 SIZE: About $2 million-
Super  Collider . .
work illustrates, "“—'“.5“""'5 Cnmnml sm‘ _ M
the potential pay- m ' ’ Weh
back can be huge,
because such met-
allurgical advances

may quickly find commercial use in high-strength magnets.

Large niobium magnets for energy programs. The gener-

al slowdown in U.S. energy programs ef-
fectively curtailed market activity for
large niobium magnets in 1987. Earlier,
both General Electric and Westinghouse
had worked on superconducting electric
generators, and the Department of Engr-
gy bought large niobium magnets for its

iobi 2 fusion-energy development program.
the prototype demonstrates that niobium |.0I'90 niobium magnets

superconductors may have a future in

According to analyst C.B. Whichard

! : lozv Re
standard industrial settings. nt for energy programs predicts that Business Technology

B Improved medical imagers. Already

1987 SIZE: Negligible
the largest single use for superconduc- . ===

tors by a wide margin, these devices will

MG YRS" !Gml nw' E"'l“ Imlli. >, term, because they offer electric utility
yield better results if stronger magnets ey =y ;

shi Mkt s.mm' Toshiba

can be produced. The West Germgn comi
pany Siemens has built an exper_xment:
magnet with more than twice the

search, large niobium magnets for su?r-
ing electricity represent the most promis-
ing large-scale application for the near

load periods. In 1986, Bechtel,'GA Tech-
nologies, and General Dynamics, work-

JANUARY 1968 | NIGH TECHNOLOGY BUSINESS & 15



ing with Los Alamos and Lawrence Liv-
ermore Laboratories, demonstrated the
feasibility of such devices. Although the
market does not yet exist, Whichard pre-
dicts that it may grow to between $50 mil-
lion and $100 million by 1997. He expects
General Dynamics to emerge as the lead-
er in this field.

The market for large magnets could
stir as early as this year. Intermagnetics
General and General Dynamics have fab-
ricated test magnets for the Super Col-
lider, demonstrating that the govern-
ment’s demanding designs can be met by
private industry. Also, electric-energy
storage systems for the Strategic De-

Ceramic wifes and tapes

1987 SIZE: None

PLAYERS: American Superconductor, Arch
Development, ASEA-Brown Boveri, AT&T
Bell Labs/Bellcore, Conductor Technologies,
Fujitsu, Furukawa Electric, General Electric
(England), IBM, Kawasaki Steel, Mitsubishi

a process for replacing some of the oxy-
gen in a ceramic with fluorine. Tests
show that this raises the superconduct-
ing temperature.

Ceramic wires and tapes. Wires and
conducting tapes are essential if ceramic
superconductors are to become useful
products. Therefore a number of compa-
nies are attacking this problem, including
the startup Arch Development, plus IBM
and AT&T Bell Labs, and the overseas
companies ASEA-Brown Boveri, General
Electric (England), Fujitsu, Hitachi, Fur-
ukawa, Mitsubishi, Sumitomo, and To-

fense Initiative are growing into another

new market. A dominant player is GA

Technologies, which has built a powerful magnetic coil to
store and rapidly release electricity for the Air Force-spon-
sored High-Voltage Homopolar Generator experiment at the
University of Texas at Austin. Bechtel International recently
won a contract to build a much larger energy-storage system
for the Defense Nuclear Agency.

R&D of ceramic materials. Although many companies in
the superconductor industry have great expectations for
high-temperature ceramic materials, they are still plagued by
two problems. Superconducting ceramics are very brittle and
hard to work with, and they cannot carry large electrical cur-
rents, which is the key to generating strong magnetic fields.

Several companies are working to improve the current-
flow of ceramic superconductors, but with limited success.
IBM and Nippon
Telegraph & Tele-
phone (NTT) have
made very thin
films, a micron or
less in thickness,
with current capaci-
ties comparable to
niobium  alloys.
However, the use-
fulness of such
films as bulk cur-
rent-carriers  is

R&D of
of ceramic materials
1987 SIZE: None

PLAYERS: Applitech of Indiana, ASEA-Brown
Boveri, ATRT Bell Labs/Bellcore, Ceramics
Process Systems, Du Pont, Energy Conver-
Misubishi, Nippon Telephone & Telegraph,
Plessey, Sumitomo, Supercon, Teledyne Wah
Chang, Westinghouse Blectric

very doubtful.

As aresult, mate-
rials research in-
creasingly focuses
on learning more
about the proper-

shiba. The startup American Supercon-

ductor appears to be closest to delivering

a commercial product.
American Superconductor makes flexible ribbon from su-
perconducting materials by mixing them with molten silver,
then putting the mixture onto a chilled, spinning wheel. The
molten metal rapidly solidifies and rolls off the wheel as con-
tinuous ribbon. Backed by $4 million in venture-capital fund-
ing, the company is now running a pilot plant and plans to be-
gin selling its superconducting tape early this year.
However, skeptics such as IBM researcher Paul Grant point
out that, as of late last year, American Superconductor had
not yet produced even laboratory samples that can do what it
claims its production tapes will.

At Arch Development, a joint venture of Argonne National
Laboratory and the University of Chicago, researchers mix
ceramic powder with a binder and form it into thread-like fi-
bers that can be wound into wire before heat treatment turns
the powder into a superconductor and makes it brittle. AT&T
Bell Labs uses a similar approach to make flexible tapes. To-
shiba encapsulates ceramic powder in a metal tube that can
be formed into wire or tape before heating.

Ceramic coatings, thin films, and electronics. Ceramics
can easily be formed into coatings and thin films that can be
processed with standard microelectronic-fabrication tech-
niques used to make silicon chips. Indeed, ceramic coating
processes are so ¥
straightforward
that AT&T Bellcore,
which has demon-
strated thin-film de-
position using la-
sers, declines to
patent its tech-
nique.

Because apply-

&

ties of ceramics’
high-temperature
superconductivity.
Because of its hefty cost, such fundamental research will re-
main primarily with large companies, including IBM, AT&T
Bell Labs, and NTT in Japan. In addition, Du Pont is working
on techniques for large-scale production of superconducting
ceramics,

Nevertheless, small companies with a novel technology
can find a place among the giants. For example, Energy Con-
version Devices is in the forefront of materials research with
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ing coatings is a rel-
atively simple pro-
cess,
companies  that
want to explore the
technology are hav-

ing trouble raising _

the money needed

for research and de- °
velopment. For in-
stance, Guernsey '

small

PLAYERS: AT&T Bell Labs/Belicore, Ceramics
Process Systems, Conductor Technologies,

;. Conductus, Electro-Kinetic Systems, Energy
* Conversion Devices, Garrett, General Electric
. (England), General Motors, Guernsey Coat-

ing Laboratories, IBM, Matsushita Electric
Industrial, Microelectronics and Computer
Technology, Nippon Telegraph and Telephone



Coating Labs, an optical-coat-
ing company in Ventura,
Calif., has been unable to at-
tract venture dollars to sup-
port basic research in super-
conductor coatings. Venture
capitalists are willing to back
only proprietary techniques.
However, president Peter
Guernsey complains that,
without research funding, the
company cannot develop a pro-
prietary process.

Ceramic coatings already
have been used to produce
electronic devices such as
SQUIDs in laboratories by
IBM, AT&T Bell Labs, Matsu-
shita, NTT, and Energy Con-
version Devices. But many
technical difficulties remain.
For example, ceramic SQUIDs
are as much as 1,000 times less
sensitive than their niobium
counterparts.

Microelectronics & Comput-
er Technology, which is setting
up a consortium of 20 compa-
nies to support superconductor-
electronics research, is study-
ing the use of ceramics not in

Led by entreprener George McKinney, American
Superconductors arms to be first with new ceramic products.

>

chips, but in electronic intercon-
nects that would tie conventional computer chips together. Su-
perconducting ceramics would provide much faster signal
transmission between chips in a multiple-chip device.

In yet another attempt to apply superconducting ceramic
to electronics, Electro-Kinetic Systems is developing coat-
ings that would provide electronic shielding for computers.
The coating would absorb signals generated by the computer
which, when picked up by an outside receiver, can be deci-
phered to reveal its computations—a threat to security. Elec-
tro-Kinetic is developing a shield for the ETA-10 supercom-
puter from ETA Systems of St. Paul, Minn. The computer
already uses liquid nitrogen to chill its circuitry, setting up
the perfect environment for ceramic superconductor coating.
Because of this synergism, shielding is
expected to be one of the earliest com-
mercial products for the new ceramics.

Research into uses for ceramic super-
conductors. The major electrical compa-
nies, plus nonprofit organizations such
as the Electric Power Research Institute
in Palo Alto, Calif., are studying potential

Research into uses for

-

compete with established niobium alloys, are needed to get
such work beyond the early stages. So far, developments
have not been promising. Wire made by Arch Development
and Toshiba, for example, shows only poor current capacity
and magnetic strength. George McKinney, president of
American Superconductor, says he will sell a ceramic-based
tape with high current capacity and a strong magnetic field
early this year.

The most significant breakthrough for commercial super-
conductivity—for the near term at least—is not the discovery
of high-temperature superconducting ceramics. More imme-
diate payback is likely to come from developments such as
Eriez’ clay-purifying magnet, which dem-
onstrates that superconductors can be
applied to ordinary industrial tasks, and
from Biomagnetic Technologies’ medical
imager.

The ceramic superconductivity com-
munity remains in a state of vigorous re-
search activity, helped by federal fund-
ing and venture capital, but its present
market prospects are rather cool. Unless

JOAN SEIDFL

applications for ceramic superconduc-

tors. These include magnetically levitat-

ed trains, long-distance power transmis-
sion, and superconducting motors and
generators. However, such research isn’t
expected to bear fruit before the year
2000, if then. f
Nitrogen-cooled superconducting
wires or tapes, with properties that can

ceramic superconductors

~ 1987 SIZE: None

PLAYERS: ASEA-Brown Boveri, Garrett,
General Electric (England), Mitsubishi Elec-
tric, NEC, Nippon Steel, Oxford Instruments
Group, Sumitomo, Toshibo

researchers can overcome the technical
difficulties, 1987’s springtime of hope for
ceramic superconductors may give way
to a long winter of discontent. [ ]

T'A. Heppenheimer is a journalist and
author specializing in aerospace and
other technologies.
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1. Attached is a copy of a letter received
from our CLO at USAWPG which explains a discussion
with representatives of North 4merican Aviation
pertainin~ to their company's development of a
radar absorbing material. This information un-
doudbtedlv will be of interest to both the DRB end

the RCAF ,
(GRA Coffin)
Colonel
Director of Equipment Folicy
ATT
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Chief of the Air Staff (ATTN: DADSO)
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HEADQUARTERS
U. S. ARMY ELECTRONIC PROVING GROUND
Fort Huachuca, Arizono
Office of the Canadlan Lialson Officer

CAS(W) 8932-5 (AEPG)
fb m “

Commander

Canadian Army Stoff

2450 Massachusetts Avenue, N. W.
Washington, DC, 20008

Radar Absorbing Technlques

Narth Amerlcan Aviation

I Representatives of North American Aviation visited

Fort Huachuco recently and described In a very guarded manner their company's
development of a rodar absorbing material. This moterlal Is called HIDE (High

Absorption Integrated Deferse systom). The work to date has beon done under

o USAF contract out of Aeronautical Systems Division, Patterson AFB, Dayton,

Ohla. Characteristics of the materlal and process are SECRET and on o "need-

to-know" basls, ond references to any military application or existence of such

a research rogremme Is ot least CONFIDENTIAL., No mantion of this wark has
beon published In technlcal literature.

2, Although detalls are meogre, It was learned that this Is
a honeycomb type of moterial that pomesses good sivuctural sivength and can be
produced in special conflguretiom. Sectlons of wings, cowlings, and fuelages
epparently can be made entirely of this moterlal or It con bo Integrated into
desigrs.

3. The representatives would not answer specific questions
but one can spaculate on the properties of HIDE becawe It was Indicated that
the following applications and questions were not urreasonable:

a. Might be appllied to reducing redar crass section of
mortar bombs (Plcatinny are Investigating this).

b. Con bs made reflective ot certalin frequencles end, hence,
offers pousibllities for decoys.

c. Might be applied to vehicles.
d. Con be wed to absarb |obes from radar antennce.
e. Can be censidered for radomes.

f. Possible applications to clothing and roducl'lon of radar
returns from troops.

4. It is evident from the above that owr coaversations were
not very productive. It was agreed with Mr Joha R. Miller, Information Systems,
Advanced Prograre Development, North American Aviation, Inc., Space and
Information Systems Divislon, 2000 North Memcrial Drive, Tulsa 2, Oklahoma,
thot we should contact Mr CL Moare, Davis Bldg, K Sireet, Washington, who Is
thelr Washington representative. It was suggested that Ausivalia has already

SECPTT
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cbtoined o clearonce to discuss detolls of the programmae and It was enpected
we would have no difficulties If we requested o clearence. Undoubtedly,
corversations with Mr Moare would reveal how o clearance thould be obtalned
and In what arem we should express an Interest.

3. This development will bo of interest to the RCAF and to
DRB. The company appears to be willing to make thelr development as widely

known a3 security permits ond Indicated they would undertake to brlef on cudience
In Oftowa .

6. From other sources It ls learned that the HIDE system Is In
limited production now and consideration can be given to wing It In designs now.
In oddition to this particular product, Nerth American Aviation are knowledge-
able In complementary rystems and alternative techniques in the fleld of rodar
absarbing materiels. While MIDE Is ne? an ocowtical materlal, the haneycomb
sivuchure epparently acts as o reflectar for sound ond, belng light In weigh?, could
be applied o certaln areas where scoustical levels ere o preblem.

7. MIDE ot present Is an S to X band madericl bu? consldera-
tion can be given 1o some applications In the L bond reglen. it Is oleo possiblo
that speclal designs wing HIDE materiel would permit reletively narvow frequency
bond windows In rademes end that this might help 1o reduce manual Interference

or sighting preblena. It is known that performance figwes are avallcble on the
aitenuation ot variow frequencies and on the thicknes end configwation of
material mast sulted for specific applications. In eddition to contacting Mr Moove,
there Is a Mr Erlc Linden employed by the Army ot Fart Monmouth who i3 seid to
be ome of the mast knowledgesble people In the Army on the HIDE progromme.

Unfartunstely, his cddress is not eveilable but it Is thought that he warks of
USAELRDL.

8. The Narth Americon Aviation representctive also cdvised

that they had recelved an Army conivect cut of Huntsville, Alabama, fer the

sonic end supersonic target drome colled the Red Heodsd Read lumw This Is

leunched from o carry olrcraf® end prevides five minutes sanic and thres minutes
endurance. In its presont configwation It has no survelliance capabllity

but It Is thought that the compony b Investigating possibllities of o drone based on

thelr present product but odapted 1o provide the endurance and range noeded far

(V] hdloy);
Major
Cansdian Arery Liabon Officer



