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Dear Reader,

This is the eleventh issue of UNIDQO's state-of-the—art series in the field of
materials entitled Advances i1\ Materials: Monitor. This issue is devoted to one
of the "hottest" subjects, namely to High Temperature Superconductive Materials.

Prof. David Caplin from the Pnysics Department, Imperial College in London, wrote
the leading article for this issue.

In each issue of this series, a selected material or group of materials is
featured and an expert assessment made on the technological trends in tnose
fields. In additiocn, other relevant information or interest to developing
countries is provided. In this manner, over a cycle of several issues, materials

relevant to developing countries could be covered and a state-of-the-art assessment
made.

We apprecizte all the returned filled—out questionnaires with your comments
and suggestions. Some readers suggested that it might be of interest and benefit
for the other readers to publish readers' experiences in the development of new
materials, especially in developing countries. Further suggestions were received

to have an exchange of information on the experiences in technology transfer. Any
more comments and suggestions are always welcome.

We like to mention to our readers the possibilities of advertising in our
Monitor. Advertising in the Monitor enables us to offer you the opportunity of
giving your potential partners and customers in the developing countries more
information on your products and services. This activity 1is non-profit oriented
and aims at meeting additional expeuses related to preparation, publishing and
mailing of the Monitor. All the necessary information related to advertising can
be found at the end of the Monitor.

Department for industrial Promotion,
Consultations and Technology




1. THE BEW SUMRCOMDUCIORS

David caplia, Pnysics Depactment, Imper:al College,
London SW7 282, England

Summary

fecent developments in superconductivity, which
nave pusned the superconducting transition temperature
up abgve the borling point of lLiquid mtrtrogen
{=196 C), are described. Ar ficst sight, tne nev
materials, wnich are metal oxides, look extremely
atcractive for applications. However K fadbricating
thee in usable form presents wmajor problems.

fhe applications of conventional supecrcoanductors
to bath resistance-less current carrying, as in
superconducting magnels and cables, and to devices,
sucn as 3QULDs, ace described. Thne possivilities for
the replacement of coaveational superconductors, or of
conventional conductors, by tne new malerials are
ex3mined. [r may well be tnat superconducting devices
made from them are easier Co scnieve tnan, for
example, hign—temperature supecrconducting magnels.
These devices vould be a lot more portadle than tnose
using conventional superconductors, and could find
application in, for example, magnetic sucveying.

Althougn there have been reports of
superconductivity at yet higner temperatures, nome of
them have 30 far deen substantisted.

L. {ncroguction

Since the early montns of 1%:7, tne world's
newspaper: nave cartied headlines promising cheaper
electricity, to be brougnt about by the nev hreed of
superconductors. [t is wost certainly true that the
science of superconductivity has caken a sudden, and
totally unexpected, leap forvard witn tne discovery of
materials that retaia their supercoaductivity Co much
higner temperatures than vere previously thought
possiole. [ndeed, in recognition of tnis vatersned,
which nas sCimulated thoussnds of scientists inm
practically every country of tne world to work on
superconductivity, tne 1987 Nobel Prize for Pnysics
vas auarded to Ceorg bednorz snd Karl Miller for cneir
discoveries at th: IbM Laboratorizs im Zirich.

Solid state pnysicists, wno nad tROUghC Chat Che
fundamental science of superconductivily was pretty
well sorted out, have veen presented with a nev and
exciting problem: how to urderstand vhat is going on
in these novel superconductors. But the excitement
nas spread into industry and commerce £20, where the
prospect of electrical conductors vithout any
eleccrical resiscance has led Co claims of
cevolutionary prospects for pover generstion,
Craasport snd $o0 on.

Ine purpose of tnis arcicle is to describe what
superconductivity is about, why i~ s intcinsically a
low-Cemperature phenomenon, to outline the progress of
the last year, sad to examine in some detsil tne
prospects for techno.ogical application of che nev
supercondv-tors.

2. Conventional superconductors

Supercondnctivity has been known for neerly

8) years. [t was discovered during the systemafic
exploracion of tne benaviour of matter 4C uvltra-low
temparatures by the Dutch pnysicist Kamerlingh Onnes.
His wora vas connected closely with the prodlem of
liquefaction of gases, first oxygen and nitrogen, and
later neon, nydrogen, and finsliy nelium. AC these
Vo Cemperatures, LC 13 more natural to work with Cne
adsolute tempersturs scale, denotad by K to

commemorate the lYLh ceatury paysicist Lord Kelvia.
On toe absolute scale, absolute zero (wmieh 1is ac
=273 C on tne Centigrede or Celsius scale) is 0 K,
S0 tRat fhere are nO negative Ctemparatures; the ice
peint (0° C) becomss 273 K. Tne boiling points of
some common gases are Listed in cable L.

Ksserliingh Onnes nad been following the behaviour
ot the electrical resistivity of metals as they are
covoled dJown. As is well kXpowa, the resistivity of
pute metals is spproximstely linear in temperatucre =t
ambient temperatures {(figure l); when Che temperature
13 lowered, the thermal vibrations of the atoms
Jdirinish, and so reduce the scattering of the
coaduction eleciroas. At low encugh temperatures,
only scattering frow chemical impurities and
crystalline defects remsins, and the resistivity
levels off o 3 constant value (tne residual
tesistivicy). Tnus, ordinary copper coaductor tnac is
used for elecirical cable nas a resistivily taat drops
from 1.7 x 1070 onm = st couom tempersture to
2 x 107 ohm m at 77 K, and typically to
2 x 107V ohm mat 20 K or below. Kf extreme care
is taken in purifyiag Che copper, thne residual
resistivity can be reduced dy a furtner factocr of WO
or so. Other metals, such as aluminius aad silver,
show similar behsviour.

Kamerlingh Onnes’ discovery in 1911 vas the
extraordinary one Chat the resistivity of mercur;
dropped snarply te zero at 4.1 K (figure 2).
Superconductivity, 8s it came €0 be called, was soon
found to be videspread amnagst the metallic elemeats,
althougn cthe transition tewperature T, varies from s
small fraction of a degree above adsoluce zero to
9.2 K for niodbium. However, some groups of elements
never become superconducting: magnetic metals like
iror. and nickel; the slkali metsls sodium, potassium,
¢tc.; (ne aoble metals copper, silver and gold.

Tnus, the good roos-temper«ture conductors such as
copper and aluminiua either fail to become
superconducting or have lov transition temperatures;
on tne otner hand, the merals vith & high T  are
those, sucn as lead and mercury, that nave nign
resistivity at room iemperature. Ihe ressouns for this
correlation became apprrent many years Later (see
section 7).

tou lov 18 the resistence of s supercoaductor?
Kamerlingn Onnes’ experiments, which measured the
voltage dcop along & vire carrying current, shoved
that 1t was less than sOout 3 Cen-chousandtn of the
resistance in the nocmml state (wecals are descrided
as being either in the normal state wnen they display
cheir usual resistive behaviour, or ia che
superconducting state). A more sensiCive test is to
induce 8 cucrrent i1n & superconducting ring, and
®monitor the magnitude of the current usiag Che
magnetic field it generstes. In a noresl metsl, ihe
electrical resistance causes the induced current (o
decay in 8 fraction of & second. On the other naad,
in 8 superconductor, these curcrents show no decay over
a period of a year or more, which 1mpiles that Che
resisCivitly in ;nc superconducting state wust de less
tnan about 10727 ohe =,

Thus, superconductivity is a2 remsrkadie
pnenomenon;, Che current-carcying electrons proceed
totally unimpeded. Evan vnen soms i1mpurities are
added celiberately, the material usuaily cemsins &
supsrconductor, slthough the Crensition Cempersture
may be alcered (figure 4). In 1ls esarly yesrs, tne
193Us and L94Us, so0lid scate physics tended to focus
on pure metals, leaving tne study of siloys snd
wintermetallic compounds (1n an intersetallic compound
the different atomi< species nave distinct sites
within the crystallograpnic structure) to tne
matallurgasts. 50° 1L was not apprecisted until tne




2:d-19303 tnac large numbers ol metallic alloys and
intermetal lic compounds ate superconducting, and some
were then discovered that nave substaatially nigner
transit.on Temperatures tnan the elemental
supercoaductors (table [1). Uactil 1936, tne record
T. was 1) K for XojGe.

Civen a material Of zero res:stance, che natural
question to ask of a superconductor is how much
currenl <an it carey? Unfortunately, 1t Cutas out
taac above a certain current, the critical curreant,
there is 3 reversion from the superconducting to tne
normal scate, and in the slemental supercoaductors,
these critical cufreats are too low to be useful.
Furthermore, sagnectic fields also suppress
superconductivity, and again for the elemental
superconductors the critical field be is too small
to nave any practical application (table Lf, the
Eactn's sagnecic tield is adout 10°% tesla, thac of
a conventional laborsatory electromagnet is adbout
1 tesla).

Hovever, the superconducting alloys and compounds
tnat were discovered sround 1960 included materials,
sucn as Xb-Ti and M 3Sa, thac retained therr
superconductivity and substaancial cucrrent—carrying
capacitly to very n.gn magnetic fields. (L is tnese
materials tnat have been developed over the last two
decades, and nave found quite wide application.

3. Tne new supercoanductors

3ince 1960 or so, most solid state pnysiciscs nad
convinced themselves that tne fundamentals of
sSuperconductivity vere well understood, and tnat no
significant improvement in transilion Cewperature
above JU K cauld be expected. For tnis reasom,
interest and activity in the fundamentsl aspects of
superconductivity declined steeply. dovever, 8 small
minority were not satisfied that all had been
explained, and toox the example of the metallic oxide
83(Pp-31)03j to nearr. Tnis compound nad been shown
ia 1975 to be supercoanducting at about L3 K =~ by no
means 3 worlid record, but unexpectedly nigh tor s
auterial of Chat compostlion and siructure. (€ was by
exploring this svenue that early in 1930 bednorz and
Miller came across the ternary or:de (La-3ScliCuly,
whiCh 3ppeares tO become superconducting at adout
35 k. Tne parent binaty oxide LaCuly 1s not
superconducting, but parCial replacement of La by Sr,
indicated in the cnemical formula by (La-Sr), yields
tne supercanducting phase. By the end of the year,
this result wvas conficwed independenctly by a aueber of
otner ladoraCories, san¢ immediately the race vas on to
find even higner Ctransition temperatures. In
Jansary 1987, Cnu's group in Houston discovered tnact s
mixture of ytirium, barium snd copper oxides produced
material witn superconducting denasviour at Y1 K, and 3
fev veens later tne superconducting phase vas
1dentified as the oxide YpazCu107, whose
structure 1s snown in figure ). IC is & concomitant
9t 3 hign T, that cthe mateciai has also a nigh
ceitical field, and rhat is cerctainly the case for
aatn (La-$r) Cul, and YoaaCuC) (see tadle L),

Nsturally, in the year since Cnu's discovery,
licerally tnousands of oxide mixtures nave been made
and tested, Dut at che time of writing, there are no
confirmed materials Chat have sny nigher transition
temperatures. Certainly, there nave been dozens of
teports of n)gner temperature superconductivity, some
of them in nevspapers, and occesionally in sciencific
journals, but so far none of them satisfy tne test of
true stable superconductivity.

. Cyrogenic sspects

The conventionsl superconductors, those kiowvn
prior to 1986, sll used liquid helium for cooling even
it they nad transition Cemperatures sbove the boirling
point of nydrogen. Tne cesson is that the performance

of a3 supcecvaductor, tn particular the craitrcal
current aensity (Che current per unil cross-sectioaal
area of conductor at which tne material cesses to be
supercoaducting), deceriorates rapidly s che
transition temperature T. 13 approached, so the
operating temperature 13 usvaliy neld ac 0.7 T, oc
less. Liquid helium 18 ¢xpensive, Lypicalliy noC less
than 32 per litre in large quanticies in
tndustrialized countries, and, because 1T nas to be
arc-freyghted in fragile and costly storage vessels,
10 or 20 times higher in price in small quantities tn
less-industrialized regions. Furcnermore, some
specialist training is needed if it is to be used
efficiently.

Even vitnout aay further advance, a cructal
bacrier for Cthe wider application of supercousuctivicy
has now been crossed, because the YeazCuj07
supercoanductor can be usefully cooled with liquad
aitrogen. The superconductive performance is less
good chan that at lover temperatyres, because 77 K 1s
only about U.8 T, but it cin be enhanced by
reducing the liquid nitrogen temperature to about 65 K
(0.7 Tc) by pumping on it with & simple rotary
pusp. Liquid nitrogen is very widely available, being
used in tonnsge quantities, and the price can be as
Lov as $U.US per likre; equally impoctant, 1t can be
transported 10 simple and robust storage coatai-.ecs,
and can be handied wiih little training.

both nelium and Ritrogen are inert cryogenic
Liquids, so tnat safety precautions are simple; tnis
is in contrast to liquid nydrogen sad liquid oxygen
(the latter is particularly dangerous).

Although the use of a cryogenic liquid 1s uvsually
the chespest and ¢asiest weans of cooliag, witn tne
nev superconductors it is possible Co use instead
closed—cycle refrigerators tnat cam provide cooliag
dovn to 10 or 20 K. These machines require only
electrical pover, and small ones, vitn a cooling pover
of several Watcs st 20 K, cost about $10,00V.

5. Fabrication of the new superconductors

Altnougn the superconductive properties of tne
nev materials are clos~ly anslogous t0 those of
conventional superconductors, the means of making Chem
ace very different. Apove ali, (Lu4-Sr)Cul, ana
Yoa;Cuj0) are cecamics, and the wnoie raage of
cersmics technology, botn traditional snd modern, can
be applied to them. Fortunately, related compounds
such ss LaCw, and LaNiO, have been studied
extensively over Cne last 10 yesrs or so; Cthey nave
been of interest to the oxide chemists, and nave found
wide application as cstslysts in orgsmic caesistry.
Also, many of these oxides are oxygen fast-ion
conductors, Chat 1s, the oxygen ions are sufficiencly
mobile to concribute quite high 1onic conductivities
at temperatures of W0 or 4U0° C.

Thus, the first of the nev superconducting
materisls vere made with a simpie cersmics "mix, grind
ard fire” approach, whicn 1s readily sccessible vith
only rather limited facilities. Although s couple of
trisls are usually enough to obtain material tnat is
superconducting, its properties are slmost inveriadbly
peor. ln particulsr, the critical cuccent deasicy
tends to be extremely low. To focus on
Y8a2Cu307, s aumder of mscerials prodlems nave
nov becoms spparent:

(i) Thne reaccion of the wixed oxides of Y, »s and
Cu to form thg ternary oxice sust be carried
out belov 950 C, for othervise the ternary
oxide decomposes. AL Chis Cempetature, all
the components are solid, snd solid scace
resctions are notoriously slow. Tnerelore,
the stariing materaiais have Co be mixed very
tnotoudhly, preferadbly on an extremsly line
(sub-micron) scale.
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Tnere are several Common contaminant phases,
suca as stlica from tng grinding process,
alumina from crucidles, and 30 on. Tnece
are also pnases that may de formed by
reaction with atmuspueric moisture aad/or
carpon Jdioxide that are stadble ac the Eiring
Cempetature. Any or all of these phases
tenad Lo aigrate Lo grain boundaries, and
form electrically-insulating layers.

tne pnase tnat forms ac tne firing
temperature 1s actually YsayCuylg,

{the “green pnase™), wnicn is semiconducting
ctather than metallic, aad cectaialy not
superconducting. Furcnermore, 1ts struclure
1s tetragonal iastead of orthorhombic. In
order to obtain superconducting material,
annealing in oxygen at coasidecably lower
temperatures 1s Cequired, as illustratea ir
the phase diagram of figure 4. There is
very strong evideace CLhat cthe occupsncy of
the oxygen siles showm in figure 3 is
crucial to the superconductivity. Both the
strucCural pnase cransformation and the
i1asertion of oxygen cause Cne lattice
pacrameters to alter significantly, so that
at the poundacr> belween two grains ot
ditferent crystal orientation, suostantial
strain develops, pernaps euvugh Lo cause
microcracks. The phase transformscion
itself invariably introduces Large numdbers
of twin boundaries; whetner tnese affect
superconductivity 1s nol yet establisned.

As far as obtaining 2 good superconductor 1is
concerned, a dense material, free of voids
ang cracks, is fequired. Un tue otner haod,
10 3 dense material the insercion of oxygen
1$ limicea by che bulx arffusion rate.
Although this diffusion rate is relatively
nigh - a3 mentioned earlier, the materials
are fast-ion conductors - the rate does
disinisn exponenctially with teaperature.
Thus, in order to ensure Chat the oxygen
stoicninmetey is as close as possible to 7,
1T is fecessary to anneal below about 400 C
for long psriods.

Tnere may be 3 more fundameatal limitation
associated witn grain boundaries ana free
surfaces: tne actual structure, interatomic
distances, oxygen stoicniometry, and so om,
at a bouadary or & surface vill be slignely
di1fterent from those of bulk materisl.
Depending upon the crystallograpnic
orientation of the boundary or surface, Che
structute cnange may be enhanced or diminish
superconductivity.

Tnere i3 the question of tne compatibiliCy
of the superconductor o other materials, as
at tne juncCion Lo ordinary copper
conductor, orf 8C the interface between &
enin film und ics substrate. Tnis question
nas dboth chemical and pnysicsl dimensions:
[s there a cnemicai reaction or chengs in
stoichionetry? Does differencisl rnermsi
expansion csuse the superconducting watecisl
to crack? Is there good electricsl contact
betveen the two materials? Ace there
electrochemical effects when current is
passed f(rom one to the ctnar?

Finally, Cthere are sesmingly mundane, but
sll-imporcant, questions atout the
material: [ts resistance ¢o atwosyneric
corrosion, mechsnical screngen, dbritcleness,
toxicily. ond so on.

Tnis list is certainly long, and at first signt »
depressing one. However, i 1s 1mportant Co
appreciate that many of tne probless haxe been
encountered before by the ceramicists. in otner
materials, approaches have been found that overcome
these problems, and nov 3 great deal of routine
systemstic vwork is being doae on YBapCu;07,
trywng out those Cechniques, and Lf ctney 40 aot
succeed, exploring nev ones.

For fundamental studies of YBaCu3j0; and
(La-Sr)Cuwy, single crystals ace aeeded, mm 1n s1ze
or larger. Over the Last few moaths, several
laboratories nave succeeded in growiag sucn crystals,
and rapid 1mpCovesents Dave been msae 1n their degree
of perfectioa, meisured for example by the temperatuce
and vidtn of the superconducting Ctraansttioa.

When one looks in detail at poteatial
applications,
it becomes apparent That the nev materials vill ve
needed 1n a nusber of different forms:

(a) Bulk polycrystalline materisl, wictn emphasis
on clean grain boundaries sad hign density, and
perhaps also vith some degree of texguring
(preferencial aligament of cryscallite orientations).
The preparative routes (nat are being iavestigated
aere aim a2l achieving homogenxily 00 8 GLCTOSCOpPLC
scale by chemical or physical mesns, rather tnhan by
secnanical mixing and grindiag. They iaclude:
Co~precipitation from aquedus or orgsmic solution of
Y, sa and Cu 3alls, such as nifrates and cilrates.
Freeze dryiag of such solutions. Co—decomposition of
sixed Y, »a and Cu organomecallics. Misc pyrolysas,
in which wixed precucrsors are sprayid into 3 hot
zone. Thuse Cecnniques sis slso at producing tne
stoichiometric povder mixture in very fine
(sub-micron) particles, su cthat the sintering stage
can oe accomplisned st lover temperatures.

A novel tecnnique has been reported recently t;
sell Ladoratories, but full details are not yet
available. The stoichiometric mixture is heated and
cooled extremely rapidly, and produces oulk material
tnst has significanctly higher criticai current density
than tast of otner bulk materiasls (figure 8).

(b) Tapes, cables, vires and filaments for use
as conductor, probably with s sudstancial degree of
crystallite texturing, and again having clesn grain
boundaries and nigh densicy. Preliminary attempts
have been made to fsbricate wires using wethods
anslogous Co cthose that have been successfvl wich
B®-Ti snd M3Sa superconductors: Bulk
YsazCus0; materisl 18 crushed, sad tnes packed
into a silver tube; the tube is swaged down and
annesled in oxygen (co which silver is permeable at
high Cemperstures). MosC sCiempls have produced vire
that 18 superconducting, but with ex'remely low
criticsl currents; recencly, however, Witachi nas
repocrted fadbrication of & wire vitn J. greater than
sdout LU° smps w™“. An spprosch perhaps better
suited Lo the nevw materials is %o use the propristary
processes Chst have baen aeveliped over many yesrs (o
mske filsments of other cersmics; certainly chis
foute is being attempted, buz liccle information nas
been publisned.

(c) Thnin films for elecCronics snd devices.
Hete, the many cechniques thaeC nave deen devaloped for
semiconductors sre being tried out: Co-evaporstion of
the metols and simvlcaneous oxidstion. Sputtering in
sll ics forms. Molecular beam epitexy. Metal organic
chemical vapour deposition. So far, it seams Chat one
of the simplest ctechniques, laser asblation, vorks tne
besc. Here, & Nigh-pover lsser pulse 1s used to
sdblate & tacrget of che cofrect composition, and tne




ablation products are coadensed on 2 neatdy

substraie. As vith all crin film processes, tre
subsequent therasl and oxygea annealing of the than
film are crucial. Strontium titanate appesrs to be
the most satisfactory sudstrate, in tnat there is less
cnemical reaction with tne film tham occurs witn
quartz or sappnire substrates. however, the cost of
strontium titanate, typically $200 pec cm, is a
major prodlem.

5. Agplicacioas

5.1 packground

Althougn it is ispocrtant Lo remdin Open Lo
totally new ideas for aceas in wnicn the aew
superconductors may find s use, one should fairst of
all examine tnose applications wvhere coaventional
supercoaductors have been considered, and in sowe
cases, sre actually used. Thus, :1n relacioa to
conventionsl supercanductors, the nev malerials may
extend *heir range of application, or gLve eananced
pecformance, or they may move supercoanductivity 1aco
totally nev areas.

in the space ot this shoct ackicie, it 13 not
possible to describe poteantial applications and their
feasidility in more than drief outline; Bnowever, some
more detailed studies sre svsilable (see the
bibliography), and as tRe materisl parameters Lecome
better defined, the economic benefits can be costed
more precisely.

Most of the sedis publicity has been directed st
the high current side of potentisl applications:
aagnets, generstors and motors, (ransmission cables
and s0o on, Hdowvever, there is saotner, electromic,
side TOo supercoaductivily that nas developed wita
conventionsl superconductors over tne last 20 years,
and tn which the nev msterisls may vell sake an
eaclier concribution.

6.2 Pougr gpplications

Here, the superconductive property that is being
used is that of being sble to carry 8 nigh curremt,
often 18 & high magnetic field, vithout dissipation.
These applications came avout only wicth the advent of
the nigh criticsl field conventionsl superconductors
sucn as W-1Ti and WjySa nearly 30 years sgo. Almosc
all the comsercially available superconducters are
sanufactured from these two materials, and tneirr
per formance has been improved consideradly over the
years. Although there are compounds such as Wb Ge
that have nigner T.s, the metallurgical difficilties
of preparing them in wire or Cspe form have innioited
theic use.

The resder will nave noticed from tadble LI chac
tne very high cricical fields of the alloy
superconduc.ofs are wore then would de expected from
cthe elemencal superconductors by simply scaling vitn
l'c; the resson is CtNaC somethiang rather different
is happening in Chese matearaisls when o field 10
applied, compared vitn an glemental superconductor
ik Po. Uhen & magnetic field is applied to a
superconductor (figure 5s), the megnetic flux 1s
unasble o penetrsce trhe materisl because, ss required
by Farasday's Lav of Eleccromsgnetic I[nduction,
screaning currents are set up in » surface layer tnat
exclude 1c. Tnis flux exclusion 1s snalogous te the
s«in eflect 1n ordina.y conduccors, where slte-usting
magnetic figlds snd cusrents sre confined to ' @
surfsce layer for ihe same ressom’, novever, ;.1 an
ordinary conductor, the finite resistance causes Che
eddy currents Co decsy witn time, sO hat n:cld,
currents and fields do evantually penstrate
uniformly, [n s superconductor,.the eddy currents,
ysuslly called screening currents in this context,

persist indetinitely.

There 13 one furtnec subrle aspect of a
supercoaductor: if the magnetic field vere to de
applied Defore the material was cooled into its
superconducting state (figure 5b), and the flux nad
pencirated fully, the eddy current arguseut would
suggest that the flux would be stuck tnere wnem the
saterial decame swpercomducting. la fact, om goang
throwgh the supercoaductiag transitiua, the sagnetic
flux is expellied. o practice tnis tiux expulsion,
wnicr is knowm as the Meissaer effect, is aever tozal,
because iovariably tne sample coatains some defects
hat trap, or "pia”, :ne flux lines. However,
observation of at lesst s partial Meissaer effect s
an impoctaat diagnostic test of true superconductivily.

Most elemencal superconductors exclude magnetic
flux from their imterior uatil tne applied f[iela
exceeds tne critical field ».; equally, tney snov a
more or less complete Meissaer effect up to tnis
tieid. Tnese are known as Iype | superconductors.
However, the techaically useful Type LI
superccnductors benave rather differenciy (figure o):
aC the lower critical field B.), magnetic flux
begias Co penetrste the material to form & mixed
state; it is only aC & substantially nigher field,
tne upper critical field By, that reversion to tne
aotmal state is complete. Because txclusion of
magnetic flux costs magnetostatic energy (tne flux
lines can be thousnt of as deing elastic, sad as
figure 5 snows, flux exclusion requires tne flux lines
to be stretcned), the mixed state reduces Chis cost,
and theredy sllows a Type Il macerizl to retsia its
superconductivity to much higher spplied fields. I
has been well-establisned tnact botn (La-Sr)Cul, and
Y8aCu3jUy are extreme Type L1 susercomductors,
where tne ratio of upper to lower critical fields is
Duge, 103 oc wmore.

There acre tvo importsal consequences Lo the
penecration of magnetric flux inside the tecnaically
useful materials:

(1) wnen s curcenc is carried, there is rae usual
Lotentz force betveen it and the msgnecic
flux, as snowm 18 figure 7. Tais force sccs
on the flux lines (in 2 direction
perpendicular to botn field and current), ang,
unless pinned, the flux lines move. Tnis
process is known a8 flux creep. Moviag flux,
by Faraday's Lav of Induction, sets up a
voltage which sppears sloag che lengtn of tne
coaductor, and 80 wntroduces Joule hesting.
Flux pianing is sCrongest at low cemperatures,
sad flux moves wich more easily as tne
temperature spproaches T., causiag Jo to
drop snarply. It 1s tnis effect which 1s
probadbly responsible for the poor perforsmance
of YBarCu30; conductors ac 77 K
(figuse 8).

A great deal of materials development effoct
Ras gone 1ALO Lha CONVENnCiOoNal SUPETCONGUCKOTS
®-T1 anc Wb 3n 80 88 (0 maximize the

dansity of pinning centres for the flux, snd
C.eceby 1ncresse J.. Useful piaaing centces
1aclude fine-scale precipitices of otner
phases, grain poundaries, dislocation tangles,
atc. [ne success of tkis vork in improviag
the critical current densiiy 8¢ a fuaction of
magnecic field 18 1ndicsaced i figuce . TIne
ne’ meterials are being improved rapidly too,
but Chere is oCil)l an enormous amount (o be
doae bifore uesble, relisble conductors are
sveilable. In particular, no specific flux
pinniag centres have yet besn identfied.

(i1) For most pover spplicstions, AC operation is
grestly to be prefeired to DC. Consider »
Typa Ll conductor, im the case that the only
megnetic field is the self-field




(tiguce ), every nalf-cycle, the Jdirection
ot tne curctent, aod tnerefore of the
associated field, reverses. Thne magnetic
flux penetrtates the material (because the
self-field is well above Bc}), but is
partially pianed, and tnis again Leads to
dissipaction. These AC losses have been a
=3jotr barrier to the use of conventioaal
supecconductors for AC purposes; some
success has been obtained with cables
composed of tnousands of ultra-fine
Eilaments of micron diameter, and & similar
approach will be needed witn the nev
matecisls.

Let us thea look at & ctsage of applications,
progressing from cthose tnat are technically leasc
stringent, for example lowv current sad lov applied
field, to those tnat are most demsnding:

6.2.1 Flux transforwmers

All conventionsl transformers wock oaly at AC;
hovever, there are circusstances where DC cransformers
ace useful, cransforming signsl rather than pover, as
indicated ia figure 10. Botn current levels and
applied magnecic fields are extremely low, millidmps
and milliTeslas or less. Signal transformers of thnis
kind vound from coaventional superconducting wires
nave been used excensively with SQUID sensors (see
6.3.3), reliadvle flux transformers made fros
YnaCuj0; should soon be available, snd could
extend the usefulness of the SUID sensors themselves.

6.2.2 Magnetic shielding

It is sometimes important to coantain Che sCcay
magnetic field of large-scale magnetic machinery; for
exsaple, i1n hospicals the stray fields of MR{ scanners
(see 6.2.5) can be s prodlem. The ususl solution is
to surround the magnetic source wita sheets of sofc
iron, but the sheer weight of the iron is &
difficulty. Tne idea of using thick files of the aev
superconductor, perhaps plasem sprayed, as s magaetic
shield4, is an attractive ome particvlarly if che
magnetic source already has some cryogenic cooling
associated with it. The snielding is then provided by
the (persisteat) screening currents in the
superconductor described esclier. The coaverse
problem, of preventing stray fields entering, is slso
of laboratory and medical incerest (see 6.3.3);
nelium=-cooled superconducting lead shields have quite
often been used 1n laborstory work, and are extremely
effective. For these shielding epplications, che
applied fields are alvays rather low, the current
densities obviously depend upon the magnitude of the
field to be screened and tne thickness of
superconducting film. Thick films, perhaps on cthe
order of 1 mm, might be needed.

6.2.) Superconducting interconnacts

In hign-speed digical devices, &5 used in very
fasc computers, the propogacion delay slong the
conducicrs betveen chips is beginniag co become
isportant. As gallium srsenide devices, wnicn are
seversl timms faster than silicon, come into use
(largely for militery applications, where the
substantial additionsl cost is not en inhiditory
fsctor), tnis delsy becomes more significant. In
principle, sowe gain can be achieved wvith
superconducting intesconneccs, and cthe prospect of
cooling the encire toard to liquid mitrogen
temperatures is quite an sttracCive one, 45 msny
semiconductor devices perfors better ot thoss
temperatures. As far ss the supercomductor is
concerned, the spplied fields ars negligibly smsll,
oul the current densities a8 used at present vicn
cognt interconnects are tather Righ, up to 107 Amps
8"%. Tne problems here are likely to those

associated vita microcitcuit processing aad
compatidility between mstertals, ratner than Ine
superconductor itself. It has to be bocme ia mind
also that, 1f & cryogenic approacn is envisaged, tne
use of ordinary copper coaductor st 77 K gives a
substantial gain anywvay (figure 1).

6.2.4 Hign-power cadles

Detsiled studies were made in the 1960s and 197Us
of the economics of uadergrouns superconducting
cables, and prototype cables were coastructed. Tne
cost advantage that has to be consideresd is thst over
underground copper cables, possibly cooled vith liquid
nitrogen 10 reduce their resistivity (figure L). Wien
conventional supercoaductors, some cost advamtages
were visible for cables of very nigh power, Chousends
of MVA, as mignt be used in the wost densely
industrialized regicas. For supercondugtors to ,c of
interest, current densities of sdout 107 Amps &
are needed, and the magnetic fields are very modest,
being just the self-field. Pernspe becsuse of
uncertainties about relisvilicy, particularly under
fault conditions, no superconducting cable nss ever
been put into service. Civen that the ccst advantage
18 likely %o be no more than msrginat, that Che range
of application is limired, and that relaiability is a
pcime factor im electrical distribution systems, the
videspresd incorporstion of the new supercoaductors
inco electrical transmission would seem to be a long
vay off.

6.2.5 Generators and motors

A large auaber of motor and generator
configurations, both AC sad DC, nave been consideres
for mcorporation of (conventional) supercomnducting
vindings, slaost alvays in 2 msnaer to diminisn the AC
currents sod fields in the superconductor itself. A
large (2 MW) low-speed DC motor wes coastructed in the
1960s, sna various procotype generatocs have been, and
are beiag built. Tne elimiastion of resistive losses
contcibutes only s smsll economic gain; cthe indirect
advantages of the use of the superconductor, such as
the greatecr compactaess of the macnine, and cousequent
savings in construction and infrastructure costs,
sppear to be the wore isportant. A great desl more
aeeds to be known about the nev materisls defore cre
prospects for their use 1o these macnines can oe
sssessed relisbly.

6.2.6 Magnets

It 1s convenient to divaide coansiderativn of
magnsts 1ato lov and nigh precision, wnere the
precision refers to how Cightly the field must de
controlied. For low fields (£ 1 tesla) tne
cospetition is with irom-cored electromagnets; for
nigher fields sad large volumes, it is with
vacter-cooled solenoids. Thne chh hesting in &
solenoid of interior volume V m’ (iacerasi
cross-section Cimes length) wound from copper
cmo,ctot and gemersting a field » Tasls 18 of order
10%4V Watts; not osly msust this slectricel pover
be paid for, but it must be Temoved efficiently from
sll parcs of the vinding 50 as to prevent Tunavay
overhesting.

lov-precision magnets. Msgnetic separstios is s

videly dispersed 1adustrisl techaique, used to clean
magnetic impurities from other minerals (e.g., rare
esrchn comtaminants from cnina clays, pyrices fros
coal), and sore sophisticated extensions have been
considered, for ensmple to seperstion of ved celis
(wmich are veakliy magnetic becausa of the iron they
contain) from plood. Prototype mechines weing
conventionsl supsrconductors heve been built, snd it
vould seew likely thet CRis 15 an sres where the nev
meteriale could meke sn eorly impsct, once good vire
or taps conductor becomss svailable. Tne sdvancages




of s1mplified cooling would maske 1t much eastier Lo
site maznetic separators close to production sites.

dign-precision magnets. It is in Chis area that
the advent of Nd-Tx and M3Sa superconductoces has
made :ts mark. [n research laborstories, steady
fields ado’e L tesla are now almost always obtained
using nelium-cooled supercoaducting soleaoids, which
are avaiiadble for fields up to 1) tesla, and an
taternal bore of LLO mm or mote. AL these high
{ields, an i1ton core makes almost no coatributlion to
tne freid, and is never used. Kcte that a 15 ceslas
zopper solenoid of 100 sm Sore would coasume
electrical pover of order 1| M, and s0 vwould require
also a major investment in the cooling circuit (pumps,
filters, deionisers, ecc.). Furtherwore, in a
solendid the winding can be tsilored to provide a very
exacting specification on the field profile, for
exazple uniformity to I part per million or better
over small regions, wnich is needed for the nuclear
magnetic resonance (MMR) magnets used in chemical and
bdiochexical researcn. Frequently, these Laboratory
supercanducting maguets are used in persiscent mode
(Eigure 11) by short-circuiting the vinding with a
superconducting switch;, chis sode of operation mot
only saves on cooling (because it eliminates the Joule
heating in the current leads, and indeed ensdblexs these
leads, which conduct substantial amounts of heat into
the cryogenic fluid, to be physically withdrawm), but
1t provides a field of great stability, far greater
tnan is attainable witnh a currenc supply.

The greatest commercisl impact of these
superconducting magnets has been in the medical field,
where solenoids of very large volume, up to | m bore,
and 1 to 2 tesla field are used in whole-body nuclear
magneCic resonsnce scanners, now knewm as Magnetic
Resonance Imaging (MRI) scanners; vell over a
thousand scanners have been builc world-vide. Tne
other isrge-scale application nas been Co magnecs for
particle accelerators, wnere provision for some
superconducting magnets nas deen included in machines
tnac are nov being built.

ir most of these spplicactions, wher. the magnets
ire deing used in a sophisticated and complex
environment, the advantages of Liquid nitrogen cooling
over that with liquid nelium are marginal, so that
YbaCu307y will not easily replace Nb-Ti and
¥bySn. Tne nigher critical field of che nev
asterisls suggest that they could be useful sbove che
15 tesla availadcle with conventional supercoaducting
magnets. However, at Cthese high fields the Lorent:z
force betveen tne field snd the current-carrying
conductor becomes very large, so tnat the mechsnical
strength of Che superconductor becomes the limiting
factor. So far, the mechanical behaviour of the new
superconductors is poor, and limits severely their
possible application.

Tnis discussion 1s intended Co be illustrative of
tne problems that arise with spplying superconductors,
and of the likely i1mpsct of the nev meterials, rather
than to be exhsustive. Other applications tnst sre
being sssessed include: large-scsle snergy scorage
systems, levitstion magnets for trasins, pover
ctransformers, fault current limiters in electrical
disctribucion systems, snd magnets for compact X-ray
syacnrotrons. Tne resder is referred Co the relevant
papers listed in the bibliograpny for furcher
snformation.

6.3 Electronic snd quantum sspects of
superconductivity and their applicstion

As we shall discuss in section 7, super
conductivity 1s more than simply the sbsence of

elecerical resiscivity. Other facets of
superconductivity have led to tne development of

several (amilies of devices.

b.J.1 Giaever junctioas

To & limiced degree, superconductors resemble
semicoaduclors, in that cheir electron energy spectrum
contains an energy gap 5; the size of the gap is
related te the superconducting transition temperature
T, by tne telatroaship lez *wky [, wmere e 1s
the electronic charge, Ky is soltzmann’s ceastast,
and < 13 a number equal to adout 4 for the coaventiomal
supeccoanductors, snd perhaps as large as 8 for the new
materials. Thus, junctions detveen a supercoaductor
and 2 normal metsl, or between two pieces of
superconducror, separated by a tnin layer (a couple of
om) of iasulator, show nighly non-liaear
voltage-current cnaracteristics (figure Lla). wWita
conventional superconductors, tnese Giaever juncrions
nave been kaown for nearly U years. Foc example, a B
to Nv_juaction, witn a T of 9 K, nas a gap of
3x10"3 eV (electron Volts), which corresponds in
terms of photon energy to frequencies oa the order to
500 Giz. Consequently, the non-linear characteristic
of cthese junctions can be used for detection and mixing
of microwaves up to similar frequencies, chat is, to
vavelengtns of | mm or less. Where lov noise 13 at &
premium, as in radio asironomy, thnese juactions have
been much used.

A Uisever junction based on Ysa2Cu307

should, because of the much larger energy gap, be
usable to frequencies on the order of 10 THz, or
wvavelengths of 100« m or less, i.¢. the far-infra-red
region of the spectrum. The appiic=tions would be in
radio-astronomy, and, to & far larger extemi, n
military communications, sensors, etc. Whether a
useful Ciaever junction can be manufactured from tne
nev materials is still vaknown.

©.3.2 Josephson junctions

Oune of the most remarkable features of
superconductivity is that, as Josephson predicted
1 1962 (vork for which ne vas later avarded s dNobel
Prize), s supercutrent can flow througn tne iansulator
of & super ductor—-super ductor Cisever junction
(figure 12a), aslthough the magnitude of tre cr.cical
current is very small, typically uAmps. Simiiar
behaviour is observed if the two pieces of
superconductor are contected through & narrow bridge, 3
micron or less in width, of supercoaductor. One
importaat application uses the possibility of feeding a
Josephson junction with s constant current, and
switching it from the zero voltage state o the
dissipative state. With coaventionmal superconductors,
this switcning can be very fast and involve Low pover
dissipation. On this basis, during the 1970s Ipn
developed s superconducting computer, slthough it vss
sbandoned a few years sgo because of the difficulty of
ensuriag relisbility of vast numbers of junctions.
Crude Josephson junctions hsve been made vith the new
materisls, but because of fadbrication difficulties and
other more fundamentsl ressons, iC seems unlikely thac
they will be used in logic devices for a long time to
come .

Wnen a Josephson junction 1s 1rradisted with
electromagnecic radistion of frequency v, tne
voltage—current charscteristic develops structure
(figure 12b) ot voltage intervuls 8V given precisely
by the Josepnson relationship h V= n 2 ¢V, where n is
Planck's constant and n 1s an inCeger; numerically,
the relstionship corresponds to #B4 MKz irraditation
giving structure 8t b Volk intervais. becsuse
frequencies are essy to measure with high precision,
tnis AC Josephson effect is nov utilized in many
nationsl standarcs Lsdborstories to provide s voltage
standard. Civen some development of junction
fabrication victh Y8s3Cuj07, ve can anticipate
that euch voltage standards vill become rstner mors
videly available and ;urtable; however, there sevms o
be lictie need for tnes evar to become commonplace.




8.3.3 Superconducting Quantus ilnterterence Devices -
SQIDs

Une fuziner featute of supercoaductivity that
reflects 1ts quantum natute is cthat a ring of
supercondyctor tareaded by magnetic flux forces tnat
flux to be quartised {magnetis flux is field Ciwes
ares, or myre strictly, the integcal of the €iela over
tne areas!) tn units aof h/le, whicn 1S equivalent to
.07 x 1u”'? ueber. [ne Eartn’s magnetic field 13
apout LU™* tesla, 39 that the flux quantus
corresponds to the earcth's field through a loop ot area
1 x LO7H 52, ot say 5 = in diameter.

Sypeérconducting devices, SWIDs, have been developed
over the last U vears, mostiy using n:oDium ar the
superconductor, that aliow this quantization to be used
in measurement (frguce L3i. In principle, SQLDs could
be used Lo monitor the amdient magnelic field, but inm
practice tney are constructed inside a3 r~gnetic shield,
and tne signal is fed into a smsll coil that alters che
magneric flux seen dy the superconducting riag. >QIDs
can be used to monitor rinute changes in magnetic
field, electrical current, woltages, etc. For 15 or
more years, SQUIDs nave been available commerc:ially,
and aow cost, complete witn the associated electronics,
$5,000 o $19,000.

Areas in wnicn SQULD sensors nave found
applicacion include: Ultrasensitive Laborators
measureaents of electrical and magnetic properties.
Geowagnertic surveying for minerals, archeological
searcnes, and {(by the wilitacry) submarine detection.
One rapidly developing field is biomagnetism, where Che
magnetic fields associated with muscular and rervous
activity are extremely small, but large encugh to be
monitored using SQUIDs (figure 14). Ihis techaique
complements the aonitoring of physiological electric
fields, as in an electrocardiogram (ECG) or in an
eleciroencephalogram (EEC), by providing a
magnetocardiogram (MCC) or s magnetoencephalogram
(MEG), and may be particularly useful for certain kinds
of neurological disorder, such as epilepsy.

SQUID devices urilizing the nev superconductors
and operacing at liquid nitrogen temperatures have
already deen demonstrated, and gseversl groups are
accempting to produce reliadle SQUIDs using thin file
techniques. Here again, the outstanding problems are
material ones. because of the higher operacing
temperature, YbapCu3j0y SQUIDs nave 3 noise lev'!
significantly greater tnan cthat of SQWIDs comnstructed
from conventional superconductors, but they ave of
course still extremely sensitive. Tne main advantages
ot liquid aicregen temperature operation are tnose of
portabilicy, so one can forsee that & rapid expansion
in the use of SQUIDs for magnetic surveying. In
sopnisticaced medical applications, such as
zagnetoencepnalography, sensitivity really is at a
premium (figure 1%) and the additionsi cost of liquid
helium is a less important factor, so that ceramic
SQUIDs may not be useful here. However, hyorid systems
with a2 Y8a;Cu307 flux transformer (see 6.2.1)
naving one end st 77 K, and che other end coupled 1nto
s niodbium SQUID st & K may have advantsges:. Che
crelaxed cooling constraints at 77 K mean & much smsller
thickness of thermsl snhielding, and by sllowing s
cioser approsch to the magnetic source, help to locate
its position more precisely. In almost #ll situations
whete 3QUIDs are used, their extreme sensitivity to
magnetic fields cequires that they be carefully
screened from ambient field fluctuations (wnicn srise
fcom pover lines, electrical machinery, passing
venicles, etc., and typically have magnitude w?
Tesia). Hagnetic screening witn superconductors, as
described in 6.1.2, is often used, and the new
materisls could play a role nere.

1. s>ypercoaductors, past, preseatl and future

Are ve about Lo ses room temperature
supercoaductors? Qbviously, if we were to do so, the
economic implications would be enormous. Hdowever, 3
Tc of 300 K would be insufficient, because ta obrain
reasoaable periormance, the operating temperature
should be no more than sbout 0.7 T (see section &);
thus for room Cemperature applicalions, a T. above
about 20 K would be required. He discuss nere vhat s
known sbout the mechanism of supercoaductors and what
limits the transitioa temperature T ..

It took more than 4U years from the discovery of
superconductavity Lo understand il at 3 microscopic
level. [t became clear gradually tnat the
superconducting state is a 4istinct phase in the true
thermodynamic sense (83 solids, liquids and gases are
distinct phases), sod Chat the comduction electroas
that carcy the electrical current in a normal metsl
condense into s more ordersd state ian the
superconductor. Tne adility of the conductioa
electrons to move Chrougn tre crystal lattice vitnout
dissipstion is a reflection >f their ordered state.

e effect of temperature is alvays to cause
disorder, and when Che thermsl fluctuations are large
enough, there i1s a pnase transition from Che moce
ordered state, ¢.g. 3 soiid, to a less ordered one,
e.g. a liquid. Tne stronger tne bonding in Coe ordered
scate, the hignher the temperature of the transition.
Thus strougly bouded solids, such as diamond, melt at
much higher Cemperatures than veskly bonded materials,
such as ice. la the case of a coaventiomal
superconductor, the "glue™ that keeps the conduction
electrons together in the superconducting state is an
interaction betveen those electroas and the vibratioans
of the atoms in the crystal. This 1s the
electron-pnonoa interaction of the bardeen-Cooper-
Schrieffer (generally abbreviated to BCS5) tneory
of 1957, and is the same interasction that is
responsible for the resiscivity of s metal at ambient
temperatures; hence the correlation (see section 2)
between Nigh resistivity aC room Cesperatuce and 2 hign
superconducting transition Iemperstuze. Owe of the
vital pieces of direct evidence tnat pointed to the
involvement of atomic vibrations ia conventioansl
supercoaductivity vas the isotope effect: (n general,
different isotopes do nave slwost identical chemical
and pnysical properties; nowever, i was discovered
40 years ago that the superconducting transition
temperatures do depend on 130topic mass Migq- For a
given element , separated isotopes have Tcs tnat scale

88 rHion-

The electronic structure of normsl metals is now
understood in grest cetsil, as is tne nature of tne
laccice vibrations, and also the dasis of the
electron-phonon intersction. Thus, ia principle, and
to a large degree in practice, the superconducting Te
can dbe calculated for an glement or s compound with 2
fair degree of sccurscy. Conversely, the question can
be posed, and answered, of what is the maxisum
sttainsble T vitn the 8CS electron-phonon
mechanism; Che snsver seems to be not such sbove
30 K. Tnus the discovery by sednors and Miller of
superconductivicy st 35 K in (La-Sr)Cuwly raised the
question immediately of whether the same mechaniss vas
at work as in conventional superconductors; the
transition temperature of 92 K in Y Cu 307 gave
even greater stimulus to the ssarch for otner
mechanisms. However, the structure of these oxides
(figure 3) suggests that the conduction electrons are
concentrated around the Cu-U bonds, so that there might
be sn exceptionslly large electron-pnonon coupling
involving the vibrations of the O atoms (st sny given




Cemperature, the lLignter the atom Che Lscger the
aaplitude of vibration, 1a both (La-Sc)Cul, and
YaapCugQy. the U atoms are four times lLignter

than the aext heaviest atoms). Taus, a more direct
test of tne relevance of the eleciron-pnonon mechRanisa
was pcovided by a search foc the 1sotope effect 1n the
nev macerials. If turns out that wnen Wy is
substituted for 00 1a (La-Sc)Culy , T, 18

loversd, but three o four times less tnan would be
pcedicted by the BCS tneory. I[n Ysa,Cujly, the
effect is propictionstely even ssaller. Tae preseat
situation therefoce is cthat most physicists Delieve
tnat some mechanisw other than the (S interaction nas
to have the prime respoasibility for seperconductivity
in the nev materisls, pechaps oa: iavolviang
electron—electron interactions of the kind tnat in wany
mecal oxides are respoasidle for produciag sagnetic
ordering. Certaialy, the chemistry of the new
materials i1s important, and a nusber of suggestioas
nave been made as to wny iU is that copper oxides av.
tne crucial component.

Tne seaccn for ziiazials witn yet nigner T s nas
been going on for a year or so; somse of it toctally
empirical, and at the lowest levei consiscing of no
more than prepacing o . !reds of mixtures of secal
oxides. Other vorx 1s beCler focused, looking pernaps
for oxides wmere The .., en environment of Che copper
nas some particular configuration, or following sowme
otner line of reasoning.

What about the reports of nigher transition
temperastures? They are too numerous and too well
documented to be simply dismissed. However, all the
reports st.are several features: The CransiCion (nak is
observed refers zlmost always to a sudden droup in
resistance, but Decause Che measuring currents are
small (otnervise the pnenomena dissppear), tne
cesistivity could still be quite lLarge. Mo laboratory
nas reported odservation of & true Meissaer effect
{see 6.2), whicn is the acid test of superconductivity,
at any temperatutre above adout 95 K. Tne effects tend
to be transient, lasting oaly for s few hours or days,
and are d:zfficult to reproduce even within a batch of
samples. [a general, the samples that show these
effects are of rather poor quality, perhaps devisting
from the intended composition or contiiaing contawiosnt
pnases. Taus, there is no evidence so far of true,
bulk, superconductivity st any higher Cemperature than
about 95 K. Pernaps whac nas been odserved 1is
associated with grazin boundaries or wiCth other phases,
vith a transition in thatr wmaterisl from s resiscive
state to one of much lower resistivity, out whicn 1is
not necessarily superconducting.

because we do NOC yet have sny micTroscopic Inheocy
of superconductivity in the nev mazarials chat is
totally convincing, there are no clesr signposts of tne
avenues that should be explored. we can be slmost sure
taat in 1986 Bednorz and Miller did indeed discover an
example of 2 nev mechanism of superconductivity;
within 2 mscter of wvesks only, and without say
subscancial clues to the mecnsaism involved, T, had
been raised to 92 K. Lt wouid indeed be unking of
Nature, but not iupossible, if this vere to be the
nighest Cransition Cemperature that vill ever be.

0f course, ve cannoc preclude the possibility thac
yet another new cless of superconductors will de
discovered vitn even nigner Tes;, but unless tnet
nappens, slmost all the scientific effort will de
devoted tovard understsnding the materisls we now have,
and to tne slow, unglamorous, process of learning now
to make them into useful conductors and devices.

8. Conclusions

Tne nev oxide superconductors YssCuy07 and
(La-35r)Cul4 do represent & major leap forvard for the
science of superconductivity. [t is one that is not
wvell understood microscopically, and that lack of

uaderstanding perhaps inhidits "Re dvvelopsent of
superconductors viln (ransition “esperatures
signifrcancly above YU K.

e scope for applications of thne nevly di1scovered
matecials 18 conitrained by tne diflicuities of wmax:ag
thea in suitable fors. Certsinly, the earliesc
applications will be to relacively siraple devices tnat
dc oot meed Lo carry large currwnts. Wngner The oxide
superconductors will ever be used o replace
conventional coaducrors or superconductors 1a eleccrica
machines, magnets and 50 O, is a quesCion tRat awaiCs
the solution of maior prodlems in materials prepacitioa
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[able 1

Comaon cryogenic gases

vas soiling point (at I atmospnere)
£ x
deliva -269 4.2
Hydrogen =253 v
Nitrogea =196 17
Ox7gen -183 w
Table I1

Typical supercomductors

Ie 5
5 Tesla
Metallic elements

& 0.u12 1 x L%
2a u.88 5.3 x 1073
Al 1.18 10 x 1072
sa .72 3.1 x 172
A 4.15 4 x w2
Pb 1.2 8.0 x W1
B 9.2 2.0 x 10}

Alloys and incermetaliic compounds

N3-Tt 9 14
350 18 24
§bjCe 23 38

Metal oxides

sa(Pb-pilIy i H
(La-Sr)Cul, 35 50?
tBa2Cuy0y N 1002

Tne Listed critical field 15 the maximum field,
for T<cT,, at which superconductiviCy is sustasined.
In Type LI sunerconductors, it i1s the upper crilicsl
field B.3.

Figure captions

Figure 1. Tne electrical resascivity of copper below
room tempersture (300 K). Note that st liquid nitrogen
temperatures (77 K), the resistivity nas fallen by a
factor of about 8. At the lowest [emperatures, the
residusl resisCivity gregid is controlled by the

level of 1apurities; " i1n commercial nigh-purity copper
1t is less than the room temperature value by s factor
of typically 100. Otner pure metals such as aluminium,
zinc, silver, etc., dehave similarly.

Figure 2. Tne superconducting transition in lead.
NoCice that tne difference between a relatively pure
sa.ple (a) snd an impure one (b) is in the magnitude of
Presid; he impurities do noC contribute any
Cesistivity in the superconducting stace, although they
may affect tne Cransition CempersCure.

Figure 3. Tne crystsl sSructure of the oxide
superconductor YBaCuj0;. The material loses

oxygen preferentially from the sarroved sites when
heated above about «00 C. Material that has Less
then about 6.5 atoms of oxygen per formuls unit never
becomes superconducting.

Figure 6. The oxygea stoichiometry x of

YsaCupy as a fuaction of temperature; tne data
presented are for ! atmosphere oxygen pressura. Notice
tnat at typical sintering temperatures of 800° C or
more, the naterial is ia its tetragoasl fors, and is
nignly deficient in oxygenm.

Figure 5. (8) A superconductor {shaded) excludes flux
vhen a magnetic field 13 spplied, as vould a perfect
coaductor, dbut slso (b) a material that is cooled in a
magnetic fielc and then bezowes superconducting, expels
flux, vhich a perfect coaductor would not do. Tais
flux expulsion from a superconductor 1s known as the
Meissner effezt, and 1s & key Zest of true
superconductivilty .

Figure 6. Type {l superconductors show 3 more
complicated oehaviour in s magnetic field. Ar low
fields, they exclude flux, as do cne Type 1
supercoaductors of figure 5. Hovever, above tne lover
critical field By, flux starts to penetrate; <Chis
mixed state persists to the upper critical field »cz,
wnere supercoaductivity is destroyed. In the
cowrercially useful conventiocaal superconductors, such
as Mb-T1 and D 3jSa, Be2 is sdout 10U Cimes greater
than B |-

Figure 7. Current J flowing througn a Type [i
superconductor in & magnetic field B. There is a
lorentz force F on the flux lines, and if they move,
energy is dissipsted.

Figure 3. Critical curtent densities Jo 1n

Y823Cu307 in different forms. At & K, Jc i3
extremely hagn in single crystals and cnin films, but
at 77 K J. in bulk material is much smaller, and
drops rapidly with applied field. The best miterials
reported so far are those from bell and Hicachi. For
comparison, the performance of the conventional
superconductors Nv-Ti and Mb;Sn at & K 13 shown, and
also cthat of ordinary copper conducltor at rocn
temperature.

Figure 9. Magnetic flux i side a Type [l
superconductor carrying an AC current. Flux motion
again lesds to dissipscion.

Figure lU. Scnematic superconduccing flux
cransformer. Cnanges in field i1n cthe primary induce 8
persistent current which alters the field in the
secondary., The primary and secondary can be vell
separated, snd Cheir areas and number of turns
optimized to suit thne specific application.

Figure 11. Superconducting magnets are often equipped
vith superconducting switches. To energize the asgnet,
the short-circuit is heated sbove its superconducting
cransition temperaturs, $0 Chat current from the pover
supply passes through cthe magnet vinding. Wnen Che
required current has been resched, which may be

100 Amps or more, the short circuit is sllowed to ¢ool
and become superconducting. The current then
circulates through an entirely superconducting circust,
and the power supply can be discounected; furthermore,
the copper leads (wnich conduct & lot of heat into tne
cryogen) can be physically removed, ¢0 as to cut
cryogenic losses.

Figure 12. (a) Tne current-voltage characteristic of a
junction betveen [wo pireces of superconductor,
separaced by a thin layer of insulating oxide. At zero
voltage, o small supercurrent can flow. (b) Wnen tne
Junction is irradisted with microvaves, sfeps appesr o€
regular and very precisely known voltsge intervals 5V,
this phenomsnon 1s Row used a8 the basis of national
voltage standards.

Figure lJ. Principle of a SQUID. Tne niobium .ing
wialh its junction responds i1n & perrodic fasnion to the
magnetic flux coupled to it by ;M signsl corl. Tne
flux pesrind 1s only 2.07 x w} Webers, mscing tne




device extremely sensitive. [he magaetic shield

protects the SQUID from extraneous
disgurbances.

Figure 14. Tne magnitudes of phaysiologicsl magaetic
fields. Notice that they are mucn smsllcc thaa typrcal
ambieat fluctuatioas, and cannot be seen by even Che
most sensitive noa-superconducting device, wnich is a

flux-gate magnetometer.
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2. THE DISCOVERY OF A CLASS OF
NIGH-TEXPERATURE SUPERCDIDUCTORS

K. Alex Miller and J. Georg Bedaacz®

Tne excepticnal interest in tne nev class of
oxide superconductors aad The importaance of tnese
matecials are discussed together witn the concepts
that led to their discovery. The discovery itself ane
its early confirssCioa are suamarized, wncluding tne
wvork uatil the beginning of 1987. The observatioa of
2 superconductive glass state in percolative samples
is also discussed.

High t-ansition Ctempersture superconductivity ia
tne sa-La-Cu oxide system (1) was discovered by
sedaocz and Miller zt tke IsRt Zuricn Researcn
Labocatory and coofirmed in eacly fall of 1986 (2).
Ffor this reason ve were askad Lo reviev Che progress
for this special issue on "Science im Europe.” Since
this i1avication, the vork snd incerest in the field
nave beea exceptioaal. Figure 1 shows the progression
of tne superconductiag transition temperatures (T.)
fcom the discovery of the phenomenon in mercury by
4. K. Onnes in 1911 (3) uncil February 1987. Ome
notices a aore or less linear incresse in msximal
Tes until the 75th anniversacy of tne discovery.

This led co tae expectation of Tcs near 30 K in

2
* February 1987
100 TC (K) Y-Ba-Cu-0 " Houston
Everywhere
%:
80 I Liqua N,
70
60 +
o Januvary 19687
50 | ~ Q (under pressure)
December 1966
i Beijing
December 1966
April 1986
S
L | La-BaCu0
9 Jan. 27. 1986
1986
1 1 1 'l J
1910 1930 1950 1970 1990
Fig. 1. Evolutwon of the sup Juctve p bicq
0 dw d v of the ph

® The authors are in the IsM Resesrcn Division,
Zuricn Resesrcn Laborstory, 8803 Riscnlikon,
Switzerland.

1%

1990. Mowever, in the year of thRe aamiversacy thus
trend cnanged. By the beginning of 1987, T s nad
risea to 43 K foc the origeaal compound sad 1ts
wsoaorpns (4). AC cthe degiaming of Fedrwary 1987, tne
confirsed Tcs were over W K in 2 Ba~Y-Cu oxide

fouad sy Chu and colladocastors (3) ane aearly, but not
similtaneously at sellcore and the Acadewy in

seijing (w). Lookimg at Eigure L, ome notices tae
folloviag: pracci~ally all of the nigh-T, waterials
discovered uatil 1950 sre cubic nichius compounds, sad
the nev scperconductors are layer—like copper oxides
(2, 7), wicn form 3 aew class per se. The
exceptional imterest is due to four factors:

(1) these oxides are essy to fabricate, in contrast to
the highly refractory nicdates, and thus cam be
investigated at smsller laboratories and
universities; (ii) therr Tcs are very mign, aad so
are tmeir critical magnetic fields, U2, witn
estimates in the megagauss (8) range; (iii) they
repcesent a considerable chsllenge to Cheoreticiaas,
and various wodels have already been proposes; and
(iv) chey ate of considerable techanological
importance, because in additiom to the kaowm
applications (9) summarized im figure 2, they say
allov cnesp emergy transpotl.

Owing to the large numher of papers already
submitted, nearing 100, 1t is not possible to reviev
all of chese efforts. Also, many of Ches have aow
veen undertaken cutside Eucope. Rather, 1T vas
cthought appropriate Co summerize the scRie7ements up
to earty 1987, includiag the original coacept, wicn
led to the discovery and which vas followed by the
early confirmations in Jepsa, the United States, and
Chins.

The concept

fnere has been a substantial elfort to incresse
the transiCioa tempersture by alloying wntermetallic
compounds in many laboratories. However, for wore
than & dozen years, all efforts to ennance T, over
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tne 23.3 K reacned by Gavaler 110) acd Tescardr

¢X _al. .11) :n thin films of nearly skoichiometric
X53Ce failed. Tuts situat:on and a study of
tepcesentative recievs (12) led us in Riscalikoa to
tne coaviction that the effocts im intermetallic
compoun-is shouid not be pursued further.

Tne first superconducting metallic oxide was
SeTady, vacn a T. ot 0.3 K (L13). lLater studres 1o
n13dum—doped 3rTi0j at Mischiikoa 1acreased I. to
0.7 K (13). For this T.. the carrier coaceatratioe
vas oalya. ® 2 x 10290 cm™ . two orders of
sagnitude lower thaa in a metal, suggesting an
extremely Large electron-phonoa coupliag. The reason
3 large coupling s odtained aC this smmll
concentratiua ts that the plasma edge lies below tne
atgnest opcical phonoa, wnich is iaportaat for
Cooper—pair focrmation. Therefoce, this ohomon 13
unsaielded. Upon 1ncreasing a) a., the plasma edge
moves adove the phonon and snields ic, and toe
supercoaductivity disappears (15). However, in 1973,
airgh-temperature supercoaductivity ia the Li1-Ti-0
system with onsets as high as 13.7 K vas reported by
Johnscon et al. (16). Their X-ray aunalysis revealed
tne presence of caree different crystallograpnic
onases, Jae of them with 3 spinel structure showing
tne hign T, (17). Tuwo years later,
sSupecrionduclivily in the sixed-valence compo
BaPY|-xBig0), 8 perovskile, was discovered by
Sleight er al. (18). Tne highest T in homogeneous
oxy gen—deficient mixed crystals occurs at LI K, vith a
comparacively low concentragion of carriers,

a_2 x 102! ta & x 102! =™ (19). Therefore,
sccording to the sardeenoCooper~Schrieffer (aCS)
tneory (20), & large electron-phonoa coupling vas
present. Tnus one could expect to find still nigner
Tes ta other wmetallic oxides if the electron-phonoa
inceractions and the carrier deas:Cies, al(Ef), at
tne Fermi tevel could be further wananced. We were
not aware that a{Ef) is enhanced by going from
tnree- Lo quasi-tvo-dimensional lattices, owing te the
presence of a donn snomsly at Ef as calculated by
Hirscn and Scalapino lasc yesr (21).

Y

Strong electroa-phonon iateractions can OCCuUr 1o
oxides, oving to polarou formation as well as
mixed-valeuce states. This can go beyond the standard
8CS tneocy. A pnase diagram vith a superconducting to
bipolaronic insulator transition was proposed early by
Cnakraverty (22) and has since been mosified (23). A
mechaniss for polaron formation is the Jahn-Teller
(JT) effect as studied by Hick et al. in 8 linear
cnsin wmodel (24). From it, one expects hesvy polaron
masses if the JT jcabilization energy becomes
comparable Co the bandsidtn of tae degenerate
orbitals. Isolated Fe®", ¥i3%, and Cul® in aa
octanedral oxyzen environment snow strong JT effects
because their incompletely o:cugud eg orbitals,
transforming as 3z*-¢r- sad x‘—v%, poianc
towaids the negstavely dur!cd oxygen Ligands (25)
(figure 3). Althougn SrFe®’01r is & discorted
perovsuite insulator, LaMiO) is a JT undistorted
meCal 1 which the snn-tcr enetgy b, of the
electrons of the Ni’® is large enough to quench the
JT daiscoction (28). On the other nand, LaCuO) 1s o
aecal containing only the non-JT Cu3®. TInerefore,
1t was decided to 1avestigate and "engineer” nickel
and copper~contsining oxides, witn redyced
bandvidtn ~/w, pactislly containing ¥13° and Cul®
staces. Furthermore, in Ris:nlikon, there was a
tradition of more than two decades of resesrch in
insulating oxides that undergo structural and
lerroelectric transitions, wnich wes & strong
WnCivation (o pufsue the prograe. (27),

Tne di1scovers of superconductivity in Bs=<ls-Cu oxide
CETaMICS

in our laboratory, tne searcn for
superconductivity was initiated 1n mid-summer of
178). Uut eflort first concentrated on

Cu -2t
&<D
t

xoe"

Yy

3. The partially flicd 34 wawe famcrions of dw Co’~ICu’* muzcd-
nv&nxmh-m" of copper and oxygen soms ac shown x left.

li”-cocu’uung perovskites, sucn as mixed crystals
of La¥i0y and LaAl0). In these vapublished

effores, the metallic benaviour of the vacious
synthesizod double or triple oxides wvas mgasured, and
at Low temperatuces Chey exhibited localization upos
cooling. Tais indicated the possible existence of JT
polarons, however, without any signs of
supercoaductivity (28). Ia lace summer of 1985, the
efforts were shifted o copgcr-cuuinin; coapounds ,
such as LaCu0j. Because Cu’® nas two electroms ia
the ¢g subshell, che latter is nslf-filled. Tunus,
its grounds state is aot uruu! . [t vas clear
tnst an oxide with mxed Cut®/Cu?® or

Cud*/Cu®® valence had to be tried.

At this stage, ve became svare of & paper by
Michel, Er-Bakho, and Ravesu (29) on the mixed
perovskite BalagCcs0)3 4, exactly meeting the
requirements of mixed valency. The Fremch authors nad
shown that this mixed oxide, a metal st room
temperature snd above, coatained Cul® aad Cul”.

Tnus, ve tried to reproduce 1C, 3t Che same Cime
coatinuously varying the Cul®/Cu’® ratio oy

cnanging the Ba concenkration in

Baglag-xCu30y(3-y), and we laoked for
supercoaductivity. At Rischiikon, the samples vere
prepared by the coprecipictacion metnod from squeous
solutions of Ba-Ls and Cu nitrstes. When added Lo an
aqueous solution of oxalic acid as precipitsat (W),
an intimate mixture of the corcesponding ozxalates vas
formed. Decomposition of the precipitate and
solid-stare resction vere citcied out by neating at
9U0°C for S nours. The product vas ground and pressed
1ato pellets at & xbar, tnea renested Lo 00 C for
sintering. We performed dc measurements of tae
resistivity p(T) by the four-point method with currenl
densities sround 0.5 A/cml. A rypical set of dats

is reproduced 1n figure 4. In general, s
Righ-temperature metallic bensviout vas observed, wita
an incresse in resistivity st lower temperatures.
Then upon further cooling, & sharp ¢drop in p(c)
cccurred chat for higher currents was partislly
suppressed (figure &, upper curves, laft scale). The
sharp drop vas studied as s function of snnealing
conditions and barium content. The oasel could be
shifced by these means to 35> K (1).

At lower temperatures, the resistivily of sowe
ssmples becams Chree orders of msgnitude smeilar then
the sensitivity of the apparatus, avidence for buln
superconductivity. Tnrerefore, the onset of tne drop
in p(T) vas interpreted ss possidle high-T,
superconductivity of 8 percoletive aature. Tne shalc
of tne onset to lover temperastures vita higner prodbing
currents also supported this interprecstion, ss vell
88 the comparison of the ba-La-Cu-0 dats vith tRose
known for polycryecalline saPb _.»i,03 (1),

X-ray snslysis reveslad that the system consisted of
tnree prases: Cu0, the Baglus-Ui(c-y)
originally vented, snd & X ;MF, phase contawning
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peravsaite layers {(l). Oving Lo the preseace ol ne
Latter, the possilility of tvo-dimensional
supercondusling cocrelaiions vas si30 mentioned.

Tne vay the ssmple vere prepared was of resl
1%p0cCance for tne discovery. Micnel et al. (29)
odtained a single-phase perovskite Dy mixing the
axides of lLantnanua aad copper and BeCO; in an
appropriate ratio and subsequent sanealing ac Wwoo ¢
in air. ®y applying tnis aanesling condition Co our
ssmples, which were oblained by the Jecomposition of
the corresponding oxslates, no ﬁpcrcw&ucnvxty vas
found. Tnus, preparation from the oxalates and
annes.ing below 950°C for a La/Cu ratis of L were
Aecessacy Co odtain 8 layer-like, perovsxite-crelaced
phase wvitnh 3 limited Cempersture riage of stabilicy.
3ecause one of the three phases, Cul, 13 an insulator,
aniy the X2N1F, phase remained #3 a possidle
candidace for superconduciivity, namely, tne
L8 Cud, double onide. A detsiied povier X-ra,
analysis combined wilh susceptibility sessuremencts,
discussed belov, showed that the pnese decomiang
superconducting 7as indeed the lsyer-like oxide
L8)Cu0,. Ac this point, it should ¢ mentioned
tnat Micnel #nd Raveau 184 investigated the structucral
and elecceical properties of this pnase shown in
figure 5, and summecized Cheir findings ia cheir 1984
reviev (12). Trus, caking iato sccount Che determined
search for superconductiviky in Riscnlikom, Chis phase
vitn i1ts La/Cu ratio of 2 vould, gven vithout the
lucay preparation conditions, nave Heen found sooner
or later. Of nistorical inCerest i1s the firsc
synthesis of L8SrCuly n 1973, & case in whicn tne
copper is fully trivalent (1)), vheress & mized
Cus*/Cud® valence state 13 crucial for the
accurrence cl superconductivily.

L]

To corroborace the existence of
superconductivity, the susceptibility of pa-Ls-Cu-0
samples with various compositl ons and preparscion
nistories vas messured. It vas exp.-cted that velow
Tc. graIns couplead by Joseynson junctions or the
promimity effecc sight yield dr1aragnetic shielding

currenis and thus cause 3 change from
Pasuli-paramsgnetic to di1smagnetic susCepCidilicy. Tnme
enperiments c3rried out 1o late swemer and fail of
1980 d1¢ 1ndeed bear oct this properly 1n a systemalic
vay (1), as shown in figures 6 and 7. Figure 6 sovs
experimeats vilh 2 ssmple contsining only | per cent
bartum substituted for lantnemus. Tne resistivitly
exnibics a clear transition to locslization when
cooled, wnereas its susceptidility 15 mearly
temperature iadependent, mecsllic, and Pauli-like,
except for a Curie-veiss enhancement starting at

20 K. Such behaviour nas Dees Cermed s “Ferm: glass™
by Anderson (34), because for weskly correlated
particles during locslizacion (that 1s, mobility
tediction) the Fermi-Dirac statistics etill molds. in
tigure 7, the resiscivity and susceplidilities of
samples labelled 2 and } are showm. For sample 2, the
onset iR resi10tivily drop occurs near 26 K, sné for 3
at 35 K (fagure 7, upper parct). For sawple 2, &
ccossover from Pauli parsmagnetic €3 8 dismspretic
suscepcibilicy st 20 X io seen on cooliag, snd for the
tacter st 32 X (figure 7, lower part). Owving to the
sbsence of dismsgnetism for semple 1 {figure 6) victn
a0 drop im resistivity and the existence of
diassgneciss in samples 2 snd } witn comjoint
incresses of the onsec 1n P(T) snd & dismegnecic
crossover, ev.deace for nign-T. superconductivity

ves present. Tha dismegneliss messured vas racher
tow, of tne order of | per ceat, relative to &

“i/ésr full-Merosner etfect. As drscussad them, (he
semll dismagnetise reflacts the percolative charscter
of the esrly ssmples. ils suppression by external
msgrecic fields also Led to o nev sppect in
superconductors:. tne existence of & superconducting
glass stece.
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Early coafirmation and progress

For morte Than & decade, Che highest
supercondscting transition [emperature Bad remsined
constant. Tnerefore, ve expected that ceanfirastion
»ad accrptance of the Ruschliken d1scovery could take
as mich as 2 to 3 ;:ars. Ia fact, subsequent evenls
occurced very rapidly. Ue had aot thnougnt of the
vigotous grewps vho hed imvestigated Che oxide
superconductor Bafbysi)-,0, such as Cthe ones of
Tanakas in Toxye, Chu in Nowsten, amd Batlogg at aTsT.
These groups wvere reduciag their efforts im 1986,
Tais mesat that their experctise is exide
sepercoaductivitly aad equipsent vere still in place
but ratner idle. The aev oxide ceramic vas as tasy to
prepare as the earlier ones had beem.

The first group to comfirm Che exisCence ot
niga~T, supercoaductivity 1n the 3a-La-Cu-0 systes
was at Tokyo University. Rather tham srgue vhelher
our findings vere true or "irreproducidle,” they
decided to try to reproduce our results after the
appeacance of our first paper (1). They observed
dismagnecisa in their samples (35), prepared by
reactiag the oxides vith s La/Cu ratio of 2. The
onsets in 2(T) and dismmgnetic crossovers were ia Che
ssme temperature range as in our samples. Also, their
independent structure analysis agreed vieth our X-ray
study (30).

In fall of 1986, ve conducted an X-ray study as »
function of baciva contex? st JU0 X and found Chat the
La)CuQy, undervent sn orcnorhowbdic—to-teiragonal
structural phase transitiom (SPT) for higner barium
concentrations. (L could de tnat this
orthorhomdir-.0-tetragonal SPT is related to the
nign-T. “uperconductivity because it occurs near tne
barius concentratioa where the highest onsets are
odbserved. This view is supported because, ian doping
our La;Cu0f also vith Sc2® snd Cal®, we found
the same relacion between T, and SPT on
alkal ine-eartn substitution (37). The
Sré®-coutsining samples yielded the sharpest onsets
of superconductivity and largest dismagneciss (38).
Our results on alkaline-sarth Joping proved tne
electronic origin of the superconductive enhancement,
because the 10nic radius r of 3c® is nearly tne
sams ss that of Le3*, vieh r = 1.14 A, for wnicn it
presumably substitutes. The radius of »ad® 1
0.22 A larger, and rne one of Ca® is N.15 A smaller
than that of La?’. Thus, these two ions produce
logal scresses. Tne alxaline-sacth doping crestes
Cul® 10ns, vnicn is essentisl for supercomductivity
to occur.

The Japanese confirmation "fanned the fire” 1n
the United Scates. Doth Chu's and Bsclogg's groups,
ss well as that ac Bellcore, not only confirmed, but
nad by the end of Lhe year surpassed the Rimcnlikon
results in two ways. AC ATET, they starced directly
vith Sr2* subscitution for lsnthanum (39). Tneir
expertise in oxide ceramics siloved ALST co obtain
sharper onsets, vith full superconductivity resched a
fev degrees delov onset, and up to 30 per cent
Meissner effect at low temperatures, thus proving Che
presence of tnree~dimensional superconductivity.
farascon et al. at mellcore acnieved s transition
width of only 2 K witn T, very near 40 X (&U). At
Houston, first the Xuscnlikon results (41) were
confirmed, and then resistivity messurements under
hydrostetic pressuvre reveslied onsets up to 52 K (42).
Tnerefore, Chu et al. foresaw still higher T s for
the future (42), which they did indeed find (3, 6).
At the Academy ot Science in Cnina, s long tradition
of resesrch in oxide cersmics exists., Tne scientists
there also op~imized the bariue-strontiuve replacement
of lantnanus and had reached a T, of 48 K by the end
of 1986 (4).




Taus, after our first resvlcs decame public,
indepeadent results were obtainad 3¢ Yarious Cesearch
ascitutes all over the vorld, wvhich i1 geaeral sgree
with one another experimgaca’ly. 1ne knowa strwcture
of LazCu0y allowed Mattheiss (43) to pecform
electranic struciure calculatioas for the tetragoaal
Laxuv, lattice. A nalé-filled Ca(3d)-0(2p bamd
of 3&,x*-y%, two-dimasional character vith aeacly
squace Fermi surfaces was found ., as expected (21).
Tmis electronic structure is of help in underscanding
the occurcence of supercoaductivity ia tne ssterial.

Tne supercoaductive glass 9Cale

Tne early ssaples with their percolative matuce
aad small ¢iamegnetise qualitatively resembled the
senaviour in the layer compounds TaSe) and WSe).
dowerer, 1o the lacter compound, tne To and tue
magnetic fields suppressing the dismsagnetisa are
substantially lower (44). Tais was attributed Co
Josephsoa or proxisity juncticas becomiag accmal. ihe
existence of frustration vas pointed out theoretically
for sucn a situation (A5). A large cluster caa
suppot t maay supercurreat-carcyiag states of nearly
rqual energy. It has been said that “the preseace of
s nierarchy of loops is crucial ia defining its
behaviour ia high magnetic fields™ (&6, p-1562).
Recently, Stroud and colisborators presented
calculations of dicmagnetic respoase of coupled
superconducting clusters in Che presence of nign
sagaetic fields (47). In their model, superconducting
grains, each small compared (o tne London pemecration
depth, are veakly coupled :nto closed loops. The
picture they acrived ac, in sgreement wictn earlier
calcularions by themselves and ochers 47),
cotresponds to 3 spin glass, nereafter called s
superconductiva glass state.

Some essential features of the glass state are
(i) the difference in field-cooled and
zero-field—cooled responses, (ii) tne existence of &
de Aloeida-Thouless line separating metastable from
staole regions, and (i) nonexponential Cime
dependences (48). Figure 8 showus typical sequences on
tne escly ceramics supporting statement (1). aAfcer
zero-field cooling the sample and then switcning on of
2 V.U3-T field, Cne susceptibilal; x 18 measuced at
poiat A. On neating the sample, pnint b an curve 1 is
ces-ned. On cooling, a nearly temperature-independent
susceptibility is measured. With furcher heating,
point b i3 passed until point C 1s resched. Um
cooling from C, a Cemperature-dependent slope smaller
chan tnst of curve | is folloved. On contiiued
neating, curve | Decoses reversible past poiac D. Tne
same value D is reacned by field cooling from 35 K.
In field cooling past D, curve 2 is followed
reversibly on 3 time scale of 2 hours.

Figure 82 shows That on this time scale »
ceversible and an irceversible trajectory of the
system are present. Point D ac temperature
T e 21 » 1 K and magnatic field W = 0.03 T marks the
ergodic limit. From messuremeals with different
fields N, & quasi—de Almeids-Thouless line in the H-T
plsae is obrained, corrr;oudiu; wvell to & curve
H oo L. L[ 1-T*(M/T(0) 132, for T(0) = 23 K
(figure 9). Tneoretically, de Almsids aad Thouless
(49) derived the line separating ergodic and
nonergodic regions, fros tne Sherrington-Kirkpstrick
model vith infinite~range spin intersction, 22 be
4= Hgl1-Tg(W /T (0}, y = 3/2 where T, is the
glass temparstures. Thac H(T*) for the
superconductive gleass fits the exponent =1.5 so
well may be relaced co the jonger rangs of forces
present in a superconductor as compared CO & magnetic
system. Figure 9 is evidence for scetemenc (ii).
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“en the ssmple vas field-cooled, Eallowing
sucve 1 to lov Lemperature and tner switching off ctne
freld, a putitive reminent magnetization vas oceserved,
showa as poiat O in figure S8a. This ressaent
sagnet.rzation results from che flux trapping and vas 2
pcoof of s petcoaductivity in its ovm vight. Om
neating tae sample at & rate of V.3 K/ain, the
asgnetisa follows curve 3. After 2 monoton’ c
decrease, the megeet ¢ ale) €i s atound
T*, ta.c i3, vhere the irceversibility of the
susceptibility also disappears saé curves L aad 2
merge ac point D. This shows tne coasistency of all
the dats ia figure 8, since above T* ceversibility
exists and no flux trapping can occw .

When Ctne superconductor 1s ia & nonequilibrive
state, as for] oa curve ! below T* ot for @ on
cueve 3 (figuce 8), it is mecastadble. Thnerefore, it
tends to relax tovard th. stable state. The system
can do that Chrough 8 hieraccny of relaxational patas
via phase slips (45-47, 49). The measuced decay of L
at points { and LI of cutve | sad 1II of curve 3 18
saown in the inset. Tne long time decay 1s slow,
prapurtional to log t, and arises from tne fact tnac
after a certain time larger clustecs with
superconductive phase coherence have fever telaxation
paths.

Ja important aspect is vnether this phase
conerence has to occur between the LayC wWi_y 03
grains or within thes. in the experiments, grain
sizes reached a volume V= S .m”. According to
eaclier calculacions (47), the lov-field limit to
maintain complete field exclusion is H%: ) =%0/2S.
mere $g is the flux quaatum and S 13 tne
homog supercoaducting area. Tne probing field M
of JW G did aot reach the valve of H*), and chus
S4o/M = 0.0),-{. This mesns that the
single-phase ".ﬂ were smaller chan that of a single
gcain with S = V 3. 16 gat. Therefore, the
superconductive glass state vas present 1o the
LayCu0;,_,:03 grains. Hovever, it should be nocted
that samples prepared differently show no tendeacy to
carrier localization on cocling; a sharp omset of
superconductivity and a much higher dismagnetisa below
T, are seen in figures 7 and 8. Therefore, ia Chose
sampies S is strill larger and the superconductive
glass featuces are considerably reduced.

Conclusions

Tne young "tree” of Layer-oxide superconductors
asiready appears to have grown 3 side branch: tne
eristence of a superconductive glass scate. This new
class of macterials found at the IbM Zuricn Resesrch
Laboratory are ho.e rather than electron
superconductors. The finding of the layered copper
oxide superconiuctors can already nov be foreseen to
prompt many investigstions in the seccors detailed in
the introduction. The suthors hope to contribute to
some of them and keap informed of the others.
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).  SUMSCOMDUCTIVITY

A threat or a prosise?

Not a day goes by without & report fcom somewhere
in the vorld claiming yet anotner "latest development
tn supercoaductivity™. dailed as the greatest
discovery since electricity, tae Lramsistoc, oc
floodlit football, high-temperature supercoaductors
operating above tne tempersture of 77K, nave the
poteatial to chamge the face of industry. but at che
momeat, high-Cemperature supercondustors are still
only in their esbryomic state sand have a loag vay to
g0 belfore they can emerge from the Laboratory to make
s significant technological impect.

ihen IMi‘s Mueller and Bednor:z baked tne first
batch of s new breed of cersmic superconductors, sade
from an unlikely mix of lanthsoum, barium, and copper
oxides, such aa idea vas initisily treated vith sco:a
by the scientifi:c world - such ceramics would surely
sct as i1nsulators? But their remarkable results,
which have gained Chem this year's Modbel Prize for
Paysics, nave provided a fillip for a frenetic pace of
scientific activiky. Such ceramic supetconduclors ace
celacively sasy and cheap to meke. [t is also proving
to be a productive field of resesrch, as a number of
groups have been quickly able to mirreor, or betrter,
the original IsM discovery of almost a year ago. Some
of tnese claims have been confirmed st & nuaber of
Laboratories, but there are a ausber Chst appear Lo be
dubious - reports of brief supercoaductivity up to a
room temperature of 2939 wnich cannot be repested.

Superconductivity vas originally discovered 1a
wercury at 4% ic 1911, The phenomenon exhibits the
Meissner effect, vhereby & superconductor excludes any
magnetic field that comes near it. With otner
non-magnetic coaductors, 8 magnetic field cau
penetrate the msterisl, but superconductors have tne
aoility co enrug off such an intrusion and the magnec
is repelled by tne superconductor. Hovever, above the
superconductor’s transition tempersture, Che same
materisl behaves like say other non-magnetic
coaductor .

Althougnh an interesting concept, the
commercislization ot superconductors was puk oa the
back buraner until the development snd improvement of
niobium alloys 1n 8 copper mstrix in i¥sl and 1¥7J.
Even 30, the superconduccors like those used in dody
scannn :;xs, transmission lines, and smineral processors,
sCiil aad to be cooled by liquid helivm ac
temperatures of 49 to enable thew to work.

Unt.l Mueller's and Bednori's discovery early in
1924 ~f a ceramic d that b superconductive
a2t 35%, the thougnt that another higher-tempersture
coolant (co slow down the atomic activity vithin a
material snd sllow superconductivity €o Ctske piace)
could be used had not been conceived. Tne race vas
on, then, to find & superconductor which could operate
without using & difficulc to handle, store, sand
expensive coolant such o6 helium. Paul Cnu's
discovery st the begioning of 1987 ac the University
of Houstun, of & compound comprising yttriue, barium,
snd copper oxides which becime superconductive at
98%% meant that superconductors 7Tpersting at the
boirling point of liquid nitrogen (/7°K) vere ac last
fessidble. Tnis vould wean thnst liquid nitrogan,
costing about 20 pence per litre could de usec instesd
of Liquid helium, st around L4 per litre.




To manyfacturers of tne now “coaveaticaal™
superconducting vires incorporated in the large volume
electromagnetic superconducting markets, wnich have
sen tremendous developwments vithin the lasc L5 years,
the new breed of ceramic superconductors could pose a
threat. Apart from vrequiring cheaper coolants, they
theocetically caa carry electrical curreats without
losing power through resistance - here everyone
1mmediately focuses on the poltential energy savings.
50 the sore exotic uses of supercoaducting wires such
as the coils of powerful magnets used in auclear
snysics and the vires in electricity transmission
systems could become more cossomplace.

In priaciple, the higher-temperature
superconductors could be used to make resisCanceless
conaectioas, solenoids generating high magnetic Cields
vithout dissipating large anounts of power, and to
form the dasis of systews for megnetic levitation,
patciculacly in transpoct systems. Further,
superconducting circuits containing veak link
junctions could lead to their use in very semsitive
mignetometers and as fast computer elements such as
semiconductors.

Toe business world appears to be waking up to the
implications of these high-temperalyre
supercoaductors - hardly surprising, owing to the
ismense publicity being given to tne subject. Major
companies taroughout the vorld are sensing the great
potential for such developments, hence the
juxtapcsiCioning for palent rignts, even thougn it
cculd be 20 years or so before large-scale
su.-stitutions could be put into effect. Tesms of
fesearchers are vorkiag to improve botn curreat
density and superconducting transition Cempersture
ievels, develop viable manufacturing and fabrication
techniques, and commercialize systeams and devices such
as cthin files, fibres, flexible tapes, and bulk
superconducting ceramics. Aand all cthis, before the
ceason why they vork can be expisined. According to
one Plessey scientist "these lov dimensional
structured cersmics will be a ‘nightuace’
analytically, even if the theory of how they vork was
‘understood’™. out if it vould be gauged why rhis
phenomenon happens, then perhaps their processing, and
manufacturing problems could be solved, and their
propercies improved.

Tne large-scale iwplicactions of superconductor
production, once Che initial euphoris has died down,
are stili largely an unknown entity, particularly as
the practical tecnnicalities and economics for
converting to these new materisls have still to be
cesolved. A numbder of fundamental problems nave still
yet to be overcome relating to manufscture, studility,
current density and hov much electrical current they
can cope with, Some of these prodblems may be
unsyrsouncable, but the number of scientists working
in the ares and the vast amounts of cash injected into
their resesrch snd commercislizstion vill ensure that
these materials will cake the place of conventional
ones in a number of applicacions.

Basic irgredients

Compounds of rare earths, alkaline eorths and
copper oxides are Che fundaments! ingredients for
nigh-temperacure superconductor developments. Most
cresearcners siart vorking vitn Chu's original toi.wlas,
¥8a3Cu30p (or "123” compound) which broke the
"liquid nitrogen” barrier, in which he subsCituted
yttrium for the lanthsnum in Muell:r snd Bednorz's
recipe.

Alchough the starting msterisls can be produced
Dy the traditional powder processing route, chemical
precipitation is being fevoured to manuficture purer
wmacerisls, thus enabling greater control of 1mpurity
levels. For exasple, Sandis Netionsl Laeborstories has

1adicated that it co-precipitates all of che catiocas
for the 12) compound tarougn metal salt solutioms
precursocs in a mixing cell reactor at a p# of 13.5.

[t nas been reported that recesrchers are getiing
sharper transitiocns in resistivity drop-off amd nigner
Te values by using purer msterisls. As a geaeral
rule, vorkers on supetconductivity ian bulk devices are
using msterisl at three-nines purity, whereas those
carrying out tesearch in electronic applications tend
to use fivernines material. Higher purity matsrisls
sre being use! to aid¢ tr process of eliminationm, inm
tryiag to deteim. e the :a8Ctors which cause
superconductivity. But, wno knows, the impurities
thewselves may be linked with the phenomenoa®

Suppliers of rare eartns, iacluding che Westera
vorid's two major producers - Molycorp of the USA and
France's Mndae-Poulenc, as well as Cninese traders,
appesr to be anticipsting increased levels of demand
as research coatinues. For example, Rhdne-Poulenc
said cthat by July it had launched a ms jor development
programme at its Monmouth Junction, Mew Jersey
operations, to produce "ready-io-use” povders of
alkaline~ and rare-eartns, and copper oxides.

Although tnere ate clsims cnat »:.nufacturing
companies have been stockpiling some of tne more
expensive materials which could lead to di.ru?cion and
snorcages 1n supply, companies sucn as the UK's
Johason Matcthey maintsins it has been stramgthnening
its stock levels and extending its range of
supercoanducting materials sad 15 msking every effort
o maintsin stock levels for immediate ielivery.
Johason Matzhey, which has been closely involved wich
superconductivity resesrcn efforts ever since InM used
its marerials for the initial breakthrougn in
Switzerland, supplies an extensive range of
superconducting materials from its Materials
Tecnnology Divisioa at Royston in Hert fordshire.
Further, Kali-Chemie AG of tne Federal Republic of
Germany, wnich claims to be the vorld's lsrgest
producer of strontium and barium carbonates, ssid ic
had expsandec its Ltali1an subsidiary's production
facilities in January to iaclude the msnufacture of
nign purity barium-carbonste for superconductors.

Varistion on a Chewe

In attempting to pusn T, Levels of the new
superconductors towsrds room temperature Levels there
nave been 2 number of varistions on the 123 compound,
including swapping yttriuw with other rare earchs,
substituting strontium for barium, snd verying the
proporcions. Some researchers Nave also been adding
aickel or fluorine.

In Hungary, [stavan Kirschner's ceam at the
Roland Eotovos University in pudspest, have been
experimenting vith changing the 123's raci0s. By
using twice 8 wmuch copper as the total amount of
combined yttrium and barius, they reported that the
resistance became 3erc aC temperscures just over
100-1059K - cthe first sample snd 101°K in the
second, K . chaer said chat this compared fsvourably
with the 779K temperature for zero resiscivity
reported for compounds where Cthe combined yttriue and
bariuwm proportions were twice as much the level of
copper, where the ouset of superconductivity started
from 909X, Encouraging results - apart from the
fact that the second sample lost ics superconducting
properties after three veeks.

Concerning the rare earth constituent, many other
cace sarths have been substituted for yttrium, such as
Yb, tu, Tm, Dy, lu, and Sc. As long as they sre
trivalenc they have been found to be ss
superconvuctive 45 the material which uses yctrium,
with all «f them having » T, vithin a fev degrees of
each other. According to Merwyn Brodsky, the




associate director of the USA's Argonae’s Materials
Science Division, the one-part yttrius ia tne 123
compound does not have a direcc effect on the
superconductivity, as the yttrium sits apart from tne
otner atoms in the matecial. Chu, from the Universicy
of Houston, has also snown that the rare earth 100 has
no tafluence on the oaset of supercoaduc:ivity ia
these materials. But he found cthat by sudstituting
the bariuw ions the T, value vas affected. When ne
used strontium ions the structure of the material
collapsed, reducing the transition temperatuce from
979 to 779%. The T, level also dropped vhen ne
substituted calcium ioas. sut a cowbinatioa of both
stronkium and calcium substitution prodiced nigh-
temperature superconduccivity.

{n Japan, tne Electro Techaical Lsboratory has a
recipe which incliudes the addition of stroatiua to the
basic copper, oxygen, yttrium, and barius mix.
Altnough superconductivity only lasted a day, the
<ompany put forvard the theory thaC because stroatium
nas a different size ccmpared with barius, the copper
atoms are pushed further apart, consequently opening
up the lattice framevork and enabling 1t to hold moce
oxygen.

In July, Stanford Ovshinsky's team at Energy
Conversion Devices Inc. in Micnigan, tried addiag
fluorine (next to oxygen in tne periodic table) to
their mixture. They saxd that one campound,
YbazCungO’, attained zero resistivity at up
to 1559K. "Further, another sample’s resistance
declined rapidly starting at room Cemperature,
possibly indicating tnat the sample contained phases
of material that are superconducting above room
temperature. DBut other laboratories have been unabdle
to confirm Energy Conversion’s results, particularly
as the company itself seems to be having difficulty ia
reproducing them.

baking a batch

Most researcners into superconductivity are using
a2 standard meihod of manufacturing the compound of
meCallic oxides into the cerasic superconductor, which
falls i.ntg a class kaown as perovskites (orchorhomdic
(Ca,Na,Fe*® Ce)(Ti,M)03). Some argue that by
using the coaventional manufacturing technology or
equipment it would mean no grest technological leap
forward for their mass production.

The basic mechod involves placing the oxides or
rare eartns, barium and copper in & morcar and
grinding tnem with a pestle. The mixture is hesced
for sround nine hours at between 900°C and
1,1009C. It is then removed from the furnace but
must be cooled slowly, othervise a green super
resistor phase can form. Altiough the material is 2
superconductor the powder is processed again by being
presssed into & pellet snd snnealed for snother
eigne hours., The pressed pellets snd discs are
generally produced by hot pressing up to 349 HPas.
During sintering flowing sir or oxygen is used to
preserve the oxygen content c¢f the matecisl. There
are obviously varistions to this method by altering s
number of the parameters, such as sanesling Cime, and
the genersl rule is cthac both oxygen and tempersture
can slter the basic structure of the superconductor.

Aother way to manufacture the nevw materials is
by vapout deposition, wheredy they srfe deposited onto
a substrate. Such s msthod is used by I[8M to
manufscture superconducting films. oriefly, it
involves placing the powdered ingredients incto a
vscuum chamber, vhere eleccron besms heat and
evaporate tne povders o (ovm Chree separate vapours.
As the oxides resct the superconducting pearovskite is
formed and condenses on a thin sheet of aluminium
oxide,

Problems facing stadility and fadricationm

Wita T. levels for supevconductors becoming
wore commonplace st 120%, liquid nitrogen can be
used to cool thes, instead of the wore expensive
helium. As scienCists stfive (o push Khis temperature
still fucther, they are beset vith a number of
difficylties. Oance they have msde a Righ-temperature
supercoaducter, nov do they get it to retain ics
povers, and vill the nev family provide more than s
source of interesting researcn?

Work on keeping the supercond:ctor sctable is
takiag place ia conjunction wiinh 1mproving Cemperacure
levels. Some reseacrchers claim that by using
compounds coataining yttcium, bdariua, copper and
oxygen, vith additionsl strontium and higher
proportions of yttriuam, the stadilicy of tne
superconductor could dbe improved 1f iC 13 kKept 1in 1its
povder form, as opposed Lo the more typical pellet or
disc. petrter scability could be accounted for, tney
say, because the changeable natire of superconductors
near room tewperature may be due (o uastable
boundaries betveen small graias of materials, snd such
boundaries become important whean tne grains are
pressed cogether.

The ultimste goal for all the work being carried
out is to transfer lsboratory kaowledge to the factory
floor. Researchers are fervently tryiang to resolve
problems in fabricating the ceramic supercoaductors
iago visble commercial products. Ouce the compound
has been baked for a day in a platinue plan in 8 kila
and then slovly cooled, the new superconductors emerge
as a bricttle, crumbly, and difficult to vor« wita
black lump. Besides shattering vhen hit, some also
dissolve in vater.

In June, the Massachusects lostitute of
Technology clsimed to have produced s novel process
which could result 1n 2 wore ductile and usable
materisl. It manufacturea a3 wmore malleable
superconductor by oxidizing an altloy of eisropium,
barium, and copper, and claimed that it would be
manufacturiag vire on an experimental dasis 1n less
than & year. The superconductor here works at sround
Y0°K. Tne following montn, Applitech of
Indisnapolis in Indiana, announced tnat it had
achieved a manufacturing process by applying sdvanced
metallurgical techniques, flexible enough to work with
a wide range of customer requiresents.

Tne Oregon Craduste Center, in comjunctios with
tne Nortnvest Tecnnical lndustries Inc., clasimed a
®8 jor breakthrough nromising to "give
superconductivity a giant lesp forverd” last montn.
Tnis "leap” concerns the mechsnical strength problem
which has hindered practical applicacions. Tne team
claims to nave sanufsctured machinadle, joinsdble,
msinly metallic copper nigh-temperature
superconducting parts. The privately-funded resesrcn
1s led by Lawrence Murr and Alan Hare, who have
patented Cthe techniques.

Hesearchers sre collaborating to specislize in
new superconductor processing. One such company 18
Ceranmics Process Systems Corp., whRich was set ur by »
group of scientists to commercialize Rigr-tacnnology
ceramics, one of the founders being a ceramics expers,
H. Kent soven, st the Msssacnusetts Institute of
Technology. [t is attempting to organize s
superconductivity research consortiua to pull 1a
companies involved in the medical, sewiccnductor and
transportation industriaes.

Like the "0ld” idea of the coramic engine, it
could be that these nev materials call or new design
concepts - perhaps ceramic tubes instead of wires in
solenoi1de? Altnuugh tnere seeme an endless list of




pronleas associaled with the nev superconductors,
research 1s deing carcied out at an extraocdinary
pace. Aad industry is being continually reminded that
unen tne conventional superconducting alloys of
aidbiumicin/titanium firsc came oa the scene, the ides
of vinding the= into wires for magnels also looked
Zutnr tstyc.

Cutrent densities - there's tha rub

Current density limitations is the other fly un
Tne vintment wnich has stymied Che commercialization
of supercoaductors operating at liquid nitrogen
temperatures. It's all very well producing
nigh-Cemperature ones on the lLaboratory and then
weraing out how to mass-produce shapes, but i1f the
electeic current that they carry is nol even
equivalent co that carried by the flex of s domestic
wettle, then what is the poiat ia substituting thes 1o
practical appiications?

Researcners are faced with an arduous engineering
cnailenge. Uackil recently, the nev materials were mot
Jente moun to transmit practical current levels.
Many sti!! only carry about one-hwx.dredtn as much
electrical current per unit of area as tne clder
generation superconductors (wnich attain values of
140 ,UU0 amps per 3q. cm).

The cause of the problea hinges oa atom
alignments, cryscal voids, and jarged boundaries.
During the formativn of the superconductor, oa
cooling, the superconductor crystals grow ia an askew
fasnion. The resulting boundaries and voids interrupt
tne Zlow of the electrons, inhiditing the material's
overall ability to trsasmit current. Scientists are
working on ways of improving critical current deasity
leveis, lice lovering the void level, and comtrolting
tne errant oxygen atoms. 3Such work has been going on
at Camdridze Universicy.

Janes Saith, at Los Alamos Netional Laboratory,
tnings thac by changing the vay the materials are made
may improve current density. Although the oxide
grains are annealed by neat and pressure, they remain
poraus. Tnis couid mean chat cthe grain surfaces and
links Yetween tnem can affect the oxide's ability to
carry current, Hence, Los Alamos is trying to produce
superconductors with smaller, more closely packed
grains. Oaxk Ridge Laboratory has been working on
developing a process CO precipitate the oxides out of
molten urea.

Altnougn over the last few months there has been
2 spate of improved current density levels, a aumber
of spurious resulrs nas led researcn teams to depend
moTe On magnetic susceplibilicy messurements instead
of dulu resistivity messurementcs to determite
superconductivity. Until May 1987, tne best current
levels acnieved in the USA were superconductors which
could carry 1,200 amps per sq. ¢a ~ obviously useless
for computer devices, magnets, and pover transmission
wires whicn need levels st around L00,00U smps per
$4. cm. Brodsuy, at Argonne National Laboracories,
has stated tnat superconducrors vill require a
eritical curcent of 10% to 108 amps per 3q. cm,
et woast have 3 crstival tield of betveen two il
e1gnt Ctesla to be commercislly visble.

Tne early stage of i1avesrigations of the
123 compound showed tnat critical current densities
were st tne 1,100 amp per sq. cm level - equal to that
of copper wire at room temperature. However, they
wefe CROUGNC CO have & much greater poCential chan
this. In May, researchecs ac IBM, Yorktown Heights,
New York State, claimed to have bettered these levels
by producing bulk single cryscals of the material
(single crysials, which give msch better current
dens. 23 Chan polycrystalline varieties, are
cypically used in eletronic superconductivity

applications). f(ai's crystals wece produced by 2
tain-film faorication method and measucted | mrcrosetre
ia thickness sad 2.54 om, and atcained & critical
curreat ot WU, 000 amps per sq. cm at JTX -
apparently sdequate for most foreseesble applications
{pcesunadbly 1n tne field of electronics). From tnrs
tesearcn moce has been learnt sbout the crystal
structure. It vas showa that eiectricity flowed

30 cimes bettear in one direcCion thiocugh the crystal
than another, and this in itself may complicate
fabrication of the superconductors. Also, ia July,
the University of [llinois anmounced that it had
developed a new procedure to manyfacture 2 mucn denser
material.

Future vmplications

it 15 too early to say what technological

developments will emerge from the use of the new breeo
of superconductors, slthough on the face of it the
possibilities seem endless. Producers of conventiomal
metal alloy superconductors may be cynical, dut you
can be sure thaz *hey are keeping & close vatch on
deve lopments and even dabdling withk the nev mster:ials
themselves. Even the new tupercoaductors operating at
above Liquid oitrogen Cemperalures Rave the potential
to transfore technology, s0 tne mind boggles at the
thcugnt of waat could be done when they can operate at
room temperaCure without the need of any coolants.

Scientists are in two minds. The cautious
pessimisls say there is TOO much scCill to be learnt
about Chese nev msterials that can transait
electricity without resistance - it is all very vell
wak ing amazing bresktnroughs in the laboratory (many
of tnea by accident), but it is another matter
transforming these into practical, large-scale
applications. At best 1t normally taxes about
10 years of laboratory reseirch to move into
large-scale commercialization, but in the case of the
new superconductors it could be more iike 20 years.
Others say that the race of commercialization is on -
there is no Cime to wait for a becter understanding
and modification of the nevw materisls. Quite an
understsndable attitude when you consider that the
sales volume alone for conventional superconducting
waterials is over $200 million per cnnum (National
buress of Standacds, USA).

Numerous forecasts on tne impact of nev materials
are being mede. One gives s growth performance to
$1,500 million by the year 2005 from a current
supercoaductor and end use products size of
$450 million. bBut 8 lot could (or could not) happen
over the next 20 years. Loox at the fate of tne
ceramic engine, now considered by many as a white
elepnanc.

but there are too many people vorking on Che new
superconducting oxides for commercial products not to
emevge from the laburatory. Another thought is that
as the nev materials are differenc, wny snouldn’c the
applications be different as well - not just old ones
at higher temperstures. Strategic Analysis Inc. in
Pennsylvania says that the nev superconducting markets
will grow because of the end use cost benefit to the
mu facturers, aml the (irst barge=scale application
will be “"retroffitting into existing design for
products such as medical i1maging equipment 8nd
selected Cest sections of Nigh-energy sccelerators”.
[n the longer term, reasons for growth include tne
"acceplance and development of applicecion-specific
alloys, improved fabrication cecnniques, :ncluding
composiCes;, increase in the number of suppliers
sctively developing and promoting superconductors;
engineer and end product designer avareness’, (he
creation of an entirely new family of products such ss
equipment for disgnostice, thin-film magnatics for
electrical and electronics, and vlitra-energy-efficient
conductors for selective miliCary uses”.




One topic which researchers, industrialists, and
consultants appear to agree on is cthat the first
important practical applications will happen in the
electronic field - wnere developments are coeating a
tlurry of excitement. Some say that commercial
applications could be on the wmarket 1n a year's time.

Experimeatal applications have been making the
neadlines for the past six months. For example, by
July, Tosniba had produced a silver-clad wire and tape
that was fabricated into 2 cm diameter corls. IBM nad
ptoduced fuactional microelectron thin-film devices,
and CVC Products Inc. in BRocnescer, New Yorkx Scate,
nad produced sputtered films. Japan's top
superconductivity researcher, Shoji Tanska, of the
University of Tokyo, nas said that it could be five to
six years before any ,ractical splications of
supercoanductivity become available. Tanaka is leading
a 3J0-strong supercoanductivity research team, 10 of
wnose scientists have been seconded from companies
like Toshiba, Hitachi, Matsushita and Tokyo
Electric Co. He expects to see the first fruits of
nis research in about four years, with the advent of
laboratory systems based on the nev superconductors,
and a fully commeccialized system such as those to be
used in mecical diagnosti:s in about 10 years.

Such sentiments are agreed by the USA's Defense
Advanced Research Projects Agency (DARPA).
Craig Fields, DARPA's deputy research director, said
the agency is giving superconducting ceramics 3 nigh
prioricy and is concentrating its efforts to develop
an iadustrial technology base for processing,
fzbricating and manufacturing the new ceramics. Once
DARPA has selecced defence applications "We expect to
develop small-scale pilot production lines or boutique
factories, as we did with gsllium arsenide, and hope
£o see some concept demonstrations aimed at defense
applications within the next three or four years,”
Fields said. Major applicstion areas will include
magnets, notors and thin~films for high-speed
microelectronic components.

The tnrust of the research conceras ways to
veplace craditional superconductors with the new
family of superconducting ceramics. Potentisl
producers are eyeing applications in power and
computer transmission. A prime candidate for
replacement concerns long-distance power-transmission
mediums , with che consequent replacement of some of
the aluminiuvm and copper traditionslly used.
Conventional aluminium or copper superconductors
typically lose about 10 per cent 0. the electrical
energy tney are transmitting, but one of the ideas put
forward 1s to use slumi-ium or copper tubing with &
tnin layer of tne superconductive phase deposited on
the surface, with liquid nitrogen running along the
tubing .

Market sectors earmarked for scrutiny as
potential new superconductor uses {even cooled by
fiquid nitrogen) ace:

- Microelectronics and computers - the nev
materials could lesd to ctne increased use of
Josepnson Junctions, zero resistivity
interconnects, and nigh-povered integrated
devices.

- Energy - pover generation via superconducting

magnets, generators and electromotors 1n
conventional and nuclear fusion industries.

-~ Medical - improved diagnosis through lower
cost, less cumbersome nuclesr magnetic
resor.unce imaging and neurological researcn.
Most body scanners use NMR techniques, and the
only way to make magnets powerful enougn for
use in hospitels is Co use niobiuw/tin/
titanium alloys in & copper matrix &s
electromagnetics. They have & transition

temperature of 17°K and wust be cooled by a
combined liquid nelium snd lLiquid nitrogen
system. If the nev superconductors can be
used, the cooling costs could plummer.

= Mineral processing - using maganeZii scpacators
mide vin Cthe nev malerials and replacing
those that use "conventional™ superconductors.

- Transportation - using electromagnetically
levitated Crains and batcery-povered cars with
highly efficient superconductor electromotors.

= Satellites - using improved remote sensing for
ageicultural and defence applications.

tlectronics - looking good

The promise of the nev superconductors in
electronics 1s that they could revolutionize
electrical devices including smaller and faster
electronic components. Tne beauty of electronic
circuits with no resistance is that the time constants
depend on the resistance and the capacitance of those
circuits. Lf tnere is no resistance you therefore
eliminate the time consctants, accelerating the
transfer of signals within & circuit. Electroanic
researchers are coatinually looking at ways to improve
performance and reduce electromic noise.

Conventional techniques such as vapour deposition
in the manufacture of semicoaductors are being appiied
to the nev cersmic superconductors for use in
electronic circurts. Superconducting electromic
circuits could then reduce the power requirements o
operste the circuits and ensble them to Pandle very
fast pulses, wnich becomes increasingly rsportant in
transmitting data over long distances. Alloys of
niobium and tin have produced electromic pulses
lasting only U.5 picoseconds, a speed apparently only
bevtered by optical systems. Theoretically, higher
temperature supercenducting materisls could becter
even these pulse speeds, particularly in cthe fora of
films. IoM is one company which 13 focusing stroagly
on the electronic applications of these materials.

Much time snd effort has gone into tne
development of processes for the manufacture of tnin
filas for potential electronic uses such as integrated
circuits. Last June s new method was introduced Chat
used rapid laser pulses to vaporize small amounts of
superconducting materials. The process was developed
Dy researchers st bell Comminications Reseacch lac.
(bellcore) at Piscatavay, Nev Jersey. The
superconducting vapours were deposited ss a thin layer
on a foundation substance and then baked at nigh
temperastures. The films exhibited zerv electrical
cresistance af 83)9K., North Carolina State University
also announced a laser method in June. Here
scientists used & nigh-energy laser Lo irradiste and
vaporize s sssple of superconductor (yttrius, barium,
and cupper oxices), The substrates used vere silicon
dioxide and sapphire, as well as strontium Citanate
and magnesive oxide. Tney slso found tnat by using
this metnod the superconducting properties were
retained for s longer period. Stanford University
also used s method where electron beams were used to
vaporize the superconducting macerials.

barium and strontium Citanates are becomsing
increasingly populsr substrates for thin Iilm spraying
snd vaporization of superconductors. Tney are grown
as single cryscals whicn are then cut into vafers, and
whicn aid the order of the thin film. Such single
crystsls play an important role in influencing the
current densities. Tne better-ordered the tnin film,
the better the current densitias, For electronic
uses, & current density of lU° smps per 8q. c® 18
generslly required, and to dste, more and more
ugnrcrun are coming up witn levels of st leasc
103 or 10% amps per 8q. cm




[n May, In nad¢ perfected superconducting
materials o carry 10U times tne awount of current it
could carry previously. Tnhe company produced a single
crystal of yterium/barium/copper oxide which could
carry currents of over 100,00V amps per sq¢. cm, wvhen
tne critical current was measured at 7K. Tne
crystals were growm on a barium titanate substrate.

AT4T in the USA nas also been vorking on
commercializing electronic applications. by May, the
company had manufactured a superconducting tape, small
doughnut-shaped magnets, and vires. The tape had a
limited flexibility (5U-2CY microns thick), and at the
time cnuld only achieve critical current densilies of
200 amps per sq. cm.

So much for all the research on thin filas,
tapes, and Josephson Junctions ~ but what about the
practical applications? One of the firsc devices to
natch from the superconducting laboratories is a
“superconducting quantum interference device” (squid),
an extremely sensitive magnetic field detector, w.itn a
tnickness one-nundredtn that of a numan nair.

IpM prodvced its first squid in May, alcthougn it
then anly worked at 687, by using its fabricated
thin films needed for computer devices. In the UK,
the first squid vas developed by Birmingham University
in July, and worked at 43 degrees above absoluce
zero. Just a day after the Birmingham snnouncement, 3
team from Strathclyde University revealed that they
had produced a similar device that vas effective at
liquid nicrogen temperatures.

Squids operating at liquid helium temperatures
have recently been introduced to the market by a
nandful of companies, the Cwo most important omes
being Hypres of the USA and Cryogenic Consultaats of
london, UK. Cryogenics started work on Josephson
Junctions and squids six years ago in a joint venture
project witn Cambridge University and began deliveries
of squids, made using the vhole wafer technology, over
twvo years ago. The squid, which acts as an electronic
amplifier measuring 1-28 wacts, is made up of 3 layer
of aluminium oxide (40 angstroms thick) sandviched
between niobium (10U nanometres thick top layer and 3
10 nanomectre thick bottom layer). Cryogenics has
found that its superconducting squid gives the lowvest
possible noise - those cooled in liquid aitrogen are
U times noisier. Like other companies researching
into squid tecnhnology, Cryogenics is looking into
squids masde from new superconducting materials, but
maincains that they would still need co be cooled at
liquid nelium temperatures to be noise free.

but why the interest in squids? Dbecause tney
have a vide range of potencial applications. Tney are
$0 <ensitive ThaC Chey can messure magnetism down Co
one ten-uilliontn of a gauss (the Earth's magnetic
field). Potential uses can include messuring magnetic
s1zgnals emicted by electronic components, in medical
applicaticns in brain scanners or detecting foetsl
hearcbeats, in inertisl navigation systems for
submar ines, and submarine detection (hence the
Ministry of Defence’s keen interest).

Wires - full of wind?

Conventional superconductors, those such as
copper which wvork &t room temperstures, or the
niodium/cin/cicanium ones which need to be cooled by
liquid helium sre obvious targets for subscitution by
the higher-temperature superconductors. Most
ctradicional superconductors are used in wvire form, so
AL 15 hardly surprising that research work is centring
on the fabrication of cersmic superconducting wires.

Again, scientists are hampered with the sge-old
cecamic prodlem of brittleness, formsbility, and
difficulties 1n mass manufactucing Cecnhniques, in
conJunclinn with poor current densities. As

Carl fosner, President of latermagentics Geaeral

Cotp. - & manulacturer of conventional superconducting
wire, pointed out “There are significant limitatioas
to the msterial, and it is not clear that we caan solve
them all™. But researchers are tryiag hard to solve
the problems as they think there will de a bit pot of
gold at the end of the rainmbow.

Ar Cambridge University ia tne UK, Jen Lvetts and
ni1s team are working on the problem of frag:lity and
brittieness. Most 1adustrial applicatioas will
require eitner a flexible wire that caa be vouad
around a core such as that used in magnet manufacture,
or thin films adaptable to semicoaductor manufacture.
In its powdered fors the supercoaductiag material caan
be packed into a narrow tube of silver to form a
flexible supercoaducting vire. because silver does
aot oxidize, the oxygen (vital for high-tempersture
superconductivity to work) can pass through to tae
material inside. Such s method is favoured by ATLT ia
the USA, wnicn involves placing the supercoanductor
ato 8 silver tube snd chen cold draving it to fine
wire thickness. but as the silver is too sofc for a
number of potential applications, Evetts has designed
a stainless steel tube vitn a3 nole 1a tne centre, and
surtounded iC by 8 thin silver mewbrane. The
Cawbridge Ceam has already filed for rive patents,
ranging from the basic physics of tne wmaterials to
superconducting vire.

Another wire manufacturing approach nas been
taken by seversl laboratories in tne US, which could
prove practical for some rigid vindings on magnets and
motors. Oak Ridge Mationsl Laboratory, Argonane, and
ATST bell Laboratories extrude a comdbination of sxide
and plastic or other binder. To prevemt tne
brittleness after heating, the vire 1s shaped betfore
1t is fired.

Plasma spraying is anotner techntyuve wnich has
fired the imaginations of the wire msnufacturing
scientists. Here, the cerssic superconductor is
sprayed onto the surface of a8 substrate after it is
drawn into & vire. [aM pioneered the technique for
vires vhicn had the potential to be used to connect
logic and mewmory chips in computers.

Tnere has been a steady flow of announcements on
superconducting wires this past year as scientists
acterpt to solve the problems of introducing such s
strange and nev phenomenon into industry. Tne first
one of significance which hit che headiines was made
oy Tosniba Corp. in March. [t ~ed developed an
yetrium/ barium/ copper oxide compound that functioned
at 93.79K. The company then processed the material
into wire rods, weasuring 0.0 sm 1n diameter and Capes
5 wm wide and 0.1 e thick. As s vire rod the
msterisl started its transition at 91.5°K and nad no
resiscance a¢ 87%. AcC tne same time, the USA's
Argonne Mationsl Lsboratory came up with an extruded
vire messuring 0.2 ms in diameCer vith critics!
current densities of 19U amps per sq. cm.

Work im China in April, st the Institute of
Chemistry, produced s superconducting wire vorking st
liquid nitrogen temperatures. The wire messured
V.5 mm in diamecer and offered no resiscance Lo
electric current and dismsgnecism when cooled co
8)°K. Lster thnst month, IBM introduced its
spray-psiat Cechaique, involving the plasms coating of
superconducting ceramics, whicn led engineers to
believe that there vas a chance of making
superconduccing flexiole cables for transmission
lines. IsM costed preformed vires, contoured surfsces
and tubes, and the costing became completely
superconductive betveen 6U-82°K.

sy May, Argonne Mstionsl Laboratory was showing
off its tnread-thin wvire, which i¢ clesimed could be
wvound. [t vas pleanning vith the University of Chicago
CO 8CACC up & company Lo develop the wire for




commercial applications. During the same woatn,
Sippoa Steei Covp. had developed a supercoaducting
vice rod whicn became completely superconductive at
929K. The rod vas registering current densities of
330 amps per 3q. ¢m in liquid aitroges, and was being
reproduced consistently.

Tne following moatn, another Jspanese steel
23 jor, Kavasaki Steel, claimed to have produced 8 vire
rad wnich could carry current of 410 amps per sq. cm.
Tne material began losing its electrical resistance at
95°K and became superconductive st 91°K. The
company said that its single crystal formation enavled
production of L0 kg wire rods, measuring | wm by
10 wettes. Qther developments ia Jspan occurring st
the same time iovolved Sumitomo Electiic Industries
Led., which nad developed thin films vich currenc
densities of 32,000 amps per 3q. om, exceeding those
in the wire rods developed by Toshiba Cotp. snd
Hicachi Led. of 510 and 1,000 smps per sq. cw
Tespectively.

witn so sany developments on superconductivity
coming out of Japan, some of the UK pover supply and
elecrrical engineering companies expressed concern
that "Japan may steal a lead in applying the nev
generation of supecconductocs™. At a weeting held by
the Department of Trade and kndustry in July,
Geotge Moore, the Techanical Director of msjor cable
manufactucer BICC, said that the Japanese vere well
placed to exploit the dreakthrough in high-temperature
superconductors vithin the pover transmission
industries. Other electrical emgineeriag and power
supply compsnies admit that the new materials could
offer a numder of advantages (e.g. in energy storage
systems for AC generators at levels of 1,000 MVA or
nigher), but 50 much ot the work is still at the MAD
level it would be years before all the problems would
be resolved.

The transformer industry hignlights some of Chese
problems. For the industry to Cake up thRe nev
superconductors, providing they could vork at room
temperature and the technique for fabricating
transformer winding had been sorted out, they would
need o demoast-ate the sbility to vork under AC
conditions (where magnetic fields can offset curremc
densities) witn nigh current deasities. The upper
critical current level would depend on the sutface
effects of the conductor, temperature, and current
densities. Magnetic field strengths vould have to be
around tvo tesla. The nev materials would need to
have good mecnanical handling properties oving to the
snort circuit stcengkhs. Conductivity vould also nave
to occur over 3 broad temperature range.

Once all cthese parsmeters have been met, Then the
nev materials would give much lower load losses in
teansformers. They vould also mean smeller core sizes
which would ultimacely lead to cheaper transformers.
But becsuse of che high opersting voltages, the system
would need Co be insulated, snd moisture extracted
which could otnervise 1ead to electrical breskdovn.
But one compromise could be to use sysCems whicn
require cooling by liquid nitrogen, wnhich in itself
could sct as an insulator. Work is already under vay
ac looking at tne replacement of conventionsl copper
wvire transformers wnicn operste at room tewmperstures
oy niodiym/Cin wire wnich would be cooled with liquid
nelium. Alerhom, the French transformer manufscturer,
has been developing such systems, snd has said that
core size savings snd load losses would be reduced by
sround 70~8) per cent compared wilh current
conventional copper systems.

Slectromags - mow practical?

One importaat property of supercoaductors e
commercial spplications is their upper ccitical
magnetic field. Superconductiag magnels are fiading
increasing applicatiocn ia nuclear msgnetic rescaance
medical disgnostic equipment, and particle
accelerators. Such equipment has magnetic frelds of
1V tesla, dut mocre typically tvo tesla.
Theoreticaily, the La-Sr—Cu-0 superconductocs have
upper critical field levels of 45 tesla at voX. muc
the extrapolate” fields for the 12) supecrcoaducting
compounds are mearer JoU Cesla at 0%K. ALl very
impressive, dut hardly viable at today’s level of
practice.

Mineral processing is or« of the ™Mot topics”™
being discussed a5 8 suitable marxet to iatroduce the
nev supeccoaductors iato. Between 3200 millioa to
$250 million wortn of equipment is sold every year to
the mianing industry for the separstion of mimerals by
the pcocess of magnetic separation. On tue surlace
this vould appear 8 lucrative sarket, and one that 18
earwarked for substitution by the nev breed. »ut on
closer inspection, the potemtisl revard asy aoC be as
great as it seems.

Typically, the aew superconductors are poised to
infiltrate markets where coaventional superconauctocs
such as copper and niobium/titanive/tin alloys in a
copper matrix sre used 1n electromagnecic
applications. A large range of magnetic saparators
are on offer to tne magnetic separation industry.
Separators using superconducting magnets have been
introduced Wiich Can generste very high magnetic
fields in large volumes but oanly using lov levels of
pover. Their fields sre much higher than those
attsined by using electcomagnets and permmnent magnets
snd they ultimstely vould give improved levels of
minersl beneficiation with lover operatiag costs.

There are tvo Cypes of separators using
supercoaducting magnets currently considered
comsercially visble, the open gradien: magnetic
separator and the high gradient magnetic s2patator
(HCHS) - both types of which are msaufactured by
London-based Cryogenic Consultanis Ltd. mut, of tne
40 or so HCNSs, which sell for sround $1-1.5 millioa
each, only one to date uses s supeiconducting megnet
{using niobiur/titanium vires) cooled by liquid
helivm, and that is supplied by Eriex of the USA in
rhe beneficiscion of Wuber's kaolin. The potencial
market for substituting helium cooied HQiSe with tne
nev breed of supecconducting ceramics is not, then, as
big a8 iC inicislly seemed.

sut could the higher-temperdsture superconductors
realistically be used foc magnetic separstion,
parzicularly as curcrent densities wvould need cto be at
the 100,000 saps per sq. cm level? For tnis
application you need two basic requirements - a field
strengen of at lesst Ttwo cesla 20,000 gauss (slctnougn
if one could be produced with strengths of one cesla
1t vould generate s greac des! of interesc) to compete
with conventionsl sagnets, and s suitadle field
gradient. According to Dr. Adse Stsdtmuller of
Cryogenic Consultents, "there is no iadicatioa that
the nev materisls can operate at Cnese fislds™. A
statement mircored at the Magnet Techanlogy 10 meeting
in Boston by Dr. Lerbalestier of tne University of
wisconsin, and sn eminent expect in Che field of
superconducting maghac technology. UHis sentimencs
vere Cnak now Cthe euphoria wilth nev super-onductore
nas died down, there is "nothing” fof magnetic uses iIn




tae short cerm. Larbalestier ssid that the new
materisls vere completely uvasuitable for magnet
manufacture, masinly because thay could not carcy
sutficient critical currents. The highest current
Jensities have been achieved in the field of single
ctystals fur ¢lectronic uses, and such crystals ace
not exsctly practical for large-scale magnetic
appltcations. The existing magnets in sepacatocs are
vastly more popular with end—usecs.

A basic volume pcoblem

Most vock on new materials ia electromagnecics
has looxed st developing the wires that forae the
solenaid. But, 3 more novel approach from
London-based Basic Volume (also iavolved in supplying
exotic metal oxides) has been to manufacture
superconducting tubes, oc solenoids mmufactured in
one piece. Since April, Basic Volume has been making
Lancnanide-transition mecal oxide superconductor tubes
up €0 }8 mm in diamecer, dishes, rings, bars, aad
sputtering tacrgets, as vell as trying to imprave both
the material’s uaiformity and deasity.

The tirst cube was manufactured from a 123
supercoaducting compound and measured 90 mm iu lengen,
14 ma cuCer diameter and with sn L]l mm inaer dismeter,
and was stable in vater. Also in the pipeliae is the
development of superconducting cersmic solemoids up to
150 m= in diameter and lengths of up to tvo ertres,
slthough this has not beem achieved to date. Targeted
commercial applications are superconducting magnets
for medical scanners and magnetic separstors, along
with magnetic bearings, nigh torque DC motors, spin
tesonances, spectroscopy, and electrom imaging. Mt
cne inventor. Dr. C.P. Tavares, has said that slthaugh
fesults were encouragiag it is still early days as far
as possidle applications sre coacerned, and moce
financial assistance would be needed dbefore ne could
refine his cechniques. James Watson of Soutnsmpton
University nas been Cesting the materisls, and has
said that there are a lot more opportumities using
macroscopic tubes rather thaa wires. One spplication
wnicn has sustasined his interest is the use of sucn
tedes in magnetic separation. Although inadequate
current densities are proving 3 problem for such a
machine, he has ssid cthac Basic Volume's claims of
cucrent density are sufficient for certain types of
*BENETIC separators.

BuC industry experts are sceptical about the use
of superconducting cersmic tubes. It is generally
difficule co fors cersmics into practical shipes
because of their brittle sad crusbly nature. And
although there is plenty of expertise in mixiag and
binding agents to improve formability, such additions
can have 3 detrimental effect on the superconductor's
propercies.

Ffor cersmic superconducting solenoids to become
viable in magnetic sepasrstors, and compete victn HNSs,
they vould have to sctain field strengths of the
two tesls level. This vould require 20,000 ampere
curas, i.e. one turn of wice (1 cm high) would require
20,000 smperes to be passed through ic. For s typical
magnetic separator magnet (industcy standards are
50 ¢ nigh and 2 metres in dismeter), ircespeccive of
the diameter, there would be 8 requirement of
1 million swpere turns. Resiscive slectromagnets,
such as those used for kaolin separation, normslily
have sround 310 turns and carry 3,000 smps, dut to
achieve the same capscities cne superconducting
ceramic varieties vould have to be considerably
largsr. That thase cersmic solanoids could have
applications 1n magnetic separutors msy be possible,
but it is likely that they could only have field
strengths suitsble for low field sepsrators used in
the separscion of iron oces,

Pateatly obvious

Witn prospects of & muitibillion dollar merket,
companies involved in super:onductivity developments
are keen o make sure they do nol miss out oo tne
twsncial revacds, and one vay ol doiag tnis s Lo
lodge pstents. Once the IBM pateants have been graaced
then the wave of patent agplications msy subside. Bul
even 3o, there should still be plenty of room for aev
breskthzroughs by simply changing the basic recipe,
under the pretext that ERAC extcs ingredieat is vitsl
to the supercoaductor's performance (by no means a nev
gome).

Mother iadication that the superconductor msrks
is vortn chasing is Che vast ssounts deing speat by
privacte companies and Goverameats of the principsl
players - the USA sad Jspan. Tue Japanese have given
the sub ject top priority, with the Govermment pledging
over £100 million, and the private sector is expected
to match that figure several Cimes over. One receat
estimste is that the Jaganese Covernment has provided
3,900 millioa yea to superconductivily research since
i81l. As a countermessure, $150 millioa nas recentiy
been added o :he Pentagon’s research and development
purse for superconductors, amd it is also providing
auserous grants for researchers and veamture-capitalist
companies in an sitempt to commercialize devices and
manu facturing techniques. Last year IsM poured
$3,900 millioa iato research and development and ATET
spent over $2,200 million ia the same ares - doth are
seriously committed o supercuaductivity development.

One thing is obvious, no-one would spend all this
wmoaey on & wild goose chase. High—temperature
superconductivity may pose a3 tncest to traditional
suppliers and manufscturers aow, but there i1s Ctime,
and tne field is broad enougn, to fulfil some of the
aev msterial’s promise.

Supplemenc |

Claiming temperature points

The excitement generated by the new breed of
superconductors hinges on the fact Chal Chese
waterisls can operate at temperatures higher than the
boiling point of chesp liquid nicrogen (77°K).
Superconducting systems 1n use Coday require
expensive, and sometimes cumbersome cooling systems
which involve the use of nelive operating at
temperatires of just over A°K. The spate ot
superconducting discoveries within the last year or so
have fired the imaginaction of both sciencists and
industriclists slike - and have brought
"nigh-temperature” superconductivity (superconductors
which becoms operational above the tespersture of
liquid mitrogen) to the reslms of che practicsi.
content with reschiag this poing, sciencists are
tacing to raise superconductivity Lavels co es hign as
room temperature levels (2939K), wnich in icself
wvould negate the use of even liquid nitrogen, and
could lesd to dramsctic advances sad cost savings in
transporctation, electronics, pover transmission, snd
diagnostic mmdicel spplicstions.

Over the last fev months there have baen
spectacul ar advances in superconducting ceramics, witn
transition Cempersture rising Co sbove ¥5°K. Tnere
ate reports that some superconductors have been
produced which can operste at of sbove room
tempersture - one Japanese ladoratory has claimed
superconductivity in & cerasic oxide ot 32PK. LEven
chough the sciencific vorld treats, not unnatursily,
such cleims vich s degree of scepticiss, parficulerly
as many claims cannot be verified or repeated or ace
only short-lived phenomens, lovels of
superconduccivity at 120°K are aow well




established. But the defimitive coom Cemperatuce
superconductivity still has not been etadlished, and
will not happen uatil many ladboratories reproduce a
room temperature finding.

The followiag hignlights some of the major
cempecature breaktnroughs reported ia cthe Fress, but
even this shoct list oaly touches the tip of the
iceberg zoacerning the phenommnal number of universicy
and company laboratories which are working oo a
variety of aspects of superconductive ceramics.

- Ia 1983: Karl Mueller and Johannes sedaorz of
IsM ia Zurich scarc researching metal oxides.

- Ia February 1986: Japanese scientists
Tetsuya Ogushi and Yosrihiss Osono claim
supercoaductivity at 44°K in
aiodbium/germniun/ aluainium/oxygen thin films.

- In Decesber 1986: Mueller and sednorz obtain
3 promising mixed oxide of lanthsaum, barium,
and copper vhose critical supercoaducting
tempersture reaches 35°K, improviag previous
results by L29K.

- ln January 1987: Paul Chu of the Universicy
of Houston varies the pressure of the barium,
lanthanum, copper oxide compound which gives
superconductivity st 52.2°K. He then
subscitutes yttrium for the lLanthanum atom,
and comes up vith 3 superconductor which is
supercoaductive at 989K (-2849F).

- In Maren 1987: [IbM's Almsden tesm unravels
Chu's supercoaducctor, snd find it to be a
mixture of three phases of the same compound,
including a8 black variety and a green version,
the “"super resistor”. AL the same Ctime, Chu
sakes Ihe comment tnat he "foresees 2 balmy
120°K vithin a few months” and does not rule
out superconductors that can operate at
300°K.

- la March 1987: Marvin Cohen's team at the
Lavrence Berxeley Laboratory reports a new
yectriua/bariua/copper/oxygen compound wnicn
becomes superconductive at 100°K.

- In May 1987: Energy Conversion Devices Inc.
claims that it has produced s superconducting
material with zero resistivity at 159K, buc
keeps the composition confident:ial until it
can publicize its findings.

- In June 1987: Five lsboratories clsim £o have
tested cersmic oxides that lose all resistance
to electrical current st close to toom
temperature. Energy Conversion Devices Inc.
in Troy, Michigan, reports superconductivity
in & ceramic oxide at 280.20K (45F)
containing fluorine. Scientists at the
National Physical Leboratory in Mew Delhi,
Indis, claim parcial superconductivity ac
299.19K (79°F). In the Soviet Uaion,
Yoshiniko Otsuki of Waseds University in Tokyo
witnesses superconductivity at 30K
(959F) in & ceramic oxide at the Institute
of Low Tempersture Physics, Moscov.

- In June 1987: A research collective of
Kim [lsung University succeeds ir producing s
high-temperature supsrconductive materisl,
sinterad from well-mixed oxides of
yecrivm/barium/copper at high tempersture and
the material gives sn electricsl resistance
which drops to zero st 80°K (-193°C).

= In June 1987: Sorchwesters Umivers.ty
reseacchers confirs Che's 96°K
superconductive material, but caamot coanfira
Energy Coaversion Device's achievement of
superconductivity at 1559K.

- Ia July i987: Japanese Sumitomo Electric
Industries Ltd. develops a supercoaductor
material vhich has pacts of il wnich exnibic
wo electric resistance at 300K
(27° Celsius). One of five samples shows
the Meissner effect, and remains
superconducting for a week. The mster:ial is
based oc yttrium, barium, opper and oxyges,
plus "s cectsin material™. Ssmples measure
7 mm in diameter by 3 mm in Chickness and snow
superconductivity anywnere from 779K to
300°K.

~ ln Augusc 1987: Colorado State University
says it has isolated microscopic
supercoaducting particles that vork a- mear
room temperature.

= Im August 1987: University of Maryland
scientists claim Lo have produced 3 stable
cowpound shoving signs of supercoaductivity at
240°%. Tne teams say they nave fsbricsted a
compound which shows coasistently super~
conductivity near 240°K for over five weeks,
vitn around 2 pec cent of the sample
exhibiting the Meissner effect.

- In September 1987: Ar tne ananual American
Cnemical Society's meeting, researcners cast
serious doubts on clsime by investigators of
room Cemperature superconductivily, ss Che
findings have not been able to be reproduced.

= 7The lasc vord should probably be lefc with tne
man that broke the "liquid nitrogea™ Sarrier,
Paul Chu. He says that ne has identified
local surface supercoaductivity ia mulciphase
ceramics vwith s tempersture of 225°K, and
although this second phsse seems o come and
go, it appesrs to have & differenc structure
to those wnicn conduct st YUPK.

(Source: Msterisls tdge, Hovember 1987, articie
written by Jacqur Robbins) (To obtsin s free sample

copy of Materials Edge, contact Disna Litcle by
Telex 21383 metbul g, or fax (01) 3378%3.)
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4. RATIOMAL AND RECIOMAL
EVTORTS AND PROGRAMMES

(s) UsA

Superconductivity bills introduced in Congress

A bill enticled "Tne Nsctionsl Superconductivity
sad Competitiveness Acc of 1987" has jusc been
introduced by Congressmen NcCurdy. Its purpose is to
creste & nstional programme in superconductivity thet
dravs on the strenghth of the various sgencies and
departments. This bill would escablish s five-yaar
R0 programms, beginning vitn FY 1989, to be carried
out through consortis for enabling superconductivity
technologies composed of industry, university, and
researcn institutions, snd opersted through designated
DOE laborstories. Tne suggested funding is
$150 million & yesr. Tnis takes into consideration




tne $50 atlliioa for Dol in the Presideat’s iniCiacive
and provides similar amovats foc DOE (348 milliea),
WF (3540 atllioal, and MeS ($10 millica). The
remaining $2 aillica is for responsibilitres
destignated tn the Bili to Be 255umed by Che Natroaal
Cerkical Macerrals Counci! and a Presidencial Advisory
Commissioa. Congressmaa McCucdy’s dill slso calls for
the President to establisn “a programme of
interasticaal co-opecstion in the conduct of
funlamental snd basic resescch oo supercoaductiag
materials ... [wnicn] shall include the exchaage of
vasic tnformscion and data as well as the development
of international standards foc the use sad application
of superconducting waterisls™.

Anotner dill, eatitlied "The Nstromal
Superconductor Maaufacturing and Processiang Techoology
Act of 1987, nas recently been introduced by
Congressman Ricter. Th:is dill vould establist a
sanufacCuring and processing techaolegy initistive to
be implemented mainly by cthe Defense Advanced Researcn
Projects Ageacy (DARPA) aloag with DOE, NSF, snd WS
with a co-ordicating council to co-ocdimace their
accivities. The total fundiag recommended in the
ficter Dill is $400 million over five years, with the
bulk of the funding ($50 million per yesr) going to
DARPA, with XSF and DUE esch receiving $12.5 millioa
per year, and MBS $5 million. This bill also calils
tor the establiisnment of & Presidencial Commisswon.
{Suource: Materials and Processing Repoct,

September 1987)

The tolloving articles are ceprinted witn
permission from Cnemical & Eagineering Wews,
7 September 1947 and 28 September 1987. Copyrignt
1987, Amecrican Chemical Society

Superconductivity drive sparks nev policy dedstes

The ey aeed is co-ordinated federal government
programme involving universities and business,
together vith a policy that integrates
government/ industrisl resesrch relations with Japan.

Superconductivity by nov is s ters fasmilisr to
anyone wvho reads the daily nevspapers or watches the
evening news. The discovery of cetamic coppes oxide
materials that can coaduct electricity without
resistance at Cemperstures within or sbove that of
liquid aitrogen has touched off uaprecedenced
excitement in the scientific and techmological
communities, and an extraordinary amouat of "hype™ in
the Reagan Administration.

What nas also been touched off is an spparently
new focus for debate about US technology policy. Tn:
debate consists of two relsted parts. One is sn
attempted haraessing of government, indusetry sad
universities into s single big efforc to exploit &
ma jor breakchrough. The other is to throw a challenge
to the country's cop techaological and ecomomic
competitor, Japan. Superconductivity is the symbol
around which the US aims to prove it can "compete” in
global nigh ctechnology. Nsturally, ant everyone sees
the picture in the same way.

In lace July, toe Wnice House Office of Science &
Technology Policy wich the Department of Energy
sponsored a tvo-day mseting on commercial applicacions
in the field. President Reagsn spoke and announced an
li-point federal initistive. About 1,I0U sttended.

At the weeting, organized by Reagan's science
sdviser Willisam R. Groham, fnergy Secretsry
Jonn $. Rerrington sounded the tons of urgency. "The
race to commercislize superconductivity is aon,” ne
sard. "And the economic prizes swait the nation cnat
first discovers s visble, marketable techaology. We
will face unprecedented internationsl competition,
Although ve nave the jump on our competitors i1n basic

29

research, ve msst marshall all eur reseurces amd cap
oer ingenwily to the fullest te compete effectavely 1a
the macketplace.”

Herrington was simiag his rhetecic westly at
Japan.

A Later sprech by US Trade Representative
Claytea Yestter 2lso vas directed at Japsmese
competitioa. Etvem Matiocmal Academy of Scieaces
pcesident Frank Press, kmewvm fec fis seassced prese,
vas drswa iate Che sll-er—setming rheteric.
Merringtea quoled Press o8 sayisg, “Sepercomeuctivity
nas become CRe Lest case of wvaether the US has 3
tecamologicsl fstwre.”

Individeal voices are couaselling a dalamoed
view. Ssys Deana Fictzps:rick, assistaat secretary of
taergy for comservation aad remevable emergy, "Seem
people [mignt de led €2 believe]| ve Rave & near
wonopoly (in sepercmaductivity] det I do mot taiax
it's the wvay the vorld vorks sayeoce”™. adds
Roisnd Schaict, General Electric’s corporate vize
pcesident for science sod Cechmelogy, “i wouls net
like to see Chis seperconductivily sitsstion
characterized a8 & life or desth sitwstron. I weuld
suspect Chere will be lots of desls struck detween US
sad Japamese compenies.”

Mesawmile, govermmat agencies . heeding President
Reagan's mamdate, ste gesring wp for expamded wock.
About 359 million i3 currantly being spent, much of 1t
in fumds redeployed from ether programmes. Noce is
expected to be asked for in Congress next yesr. Ine
Pentagon slooe 1s slated Co receive $150 milliom over
the mext thAree years.

The immediste goal of supecconductivily Cesearcn
sarmingly straightforvard. wWnat is iavolved is
nothisg wore than developing a piece of ceramic copper
oxide vire 1ad a strip of film based ou something
ascure, ROt any sciemtist, has produced. im a semse,
1t is up o science to impcuve 0u mature's provisiom.
Tne wire vould be used for coil in magnets, the fila
for electromic circuits. DOE is taking the lead im
fundiag cne former, the Depertment of Defense cthe
lacter. The Metional Sciemce Foundation and cthe
Mational Bureav of Scandards will be workiag om che
fundsmental science and the basic engineering.

There sre msay, hovever, especiaily ia DO, who
feel tnal the Cime to push applicstions is right avay,
saticipating the emergence of Cest materisis s fev
wonths heace.

Much of DOD's work will be concentraced 1a Che
ODefense Advanced Researca Projects Agency (DARPA).
"We nave decided to concentrate our efforts to develop
as quickly as possible am 1adustrial tecnaoclogy base
for che processing, febricatioa, sad ssaulscturing of
these nev superconducting ceramics,”™ says
Craig 1. Fields, deputy direccor for resesrcn st
DARPA. "We expect Co develop smsll-sceais pilot
production lines, or ‘boutique’ fsctorics, as ve d1d
vith gallium srsenide. We nope (O see some coacejpt
demonstrations in three or four years. Ve sre relying
nn other organizations to 40 the vork o estaolisn a
solid iacellectusl basis for understanding che
properties of cthe aev meterisls. We feel this 18 &
situstion where engineering wust parallel or even
precede science.”

There are those, hovever, wno believe tne
Administration should Rave usad the comference Lo make
& case for strengthening the country's sciencific base.

Willism O. beker, formmr oresident of Bell
Laboretories sad s lomg Cimg iusider in mational
science policy iseues, is one who believes so.
vay the government has gome sbout estedblishing »

"Ihe




sepetconductivity pelicy Ras been backward,™ ne says.
“da ¢on't Beed commercisl razxle dattle whes Che
{uodamencals are a mystery. [t vas agive te assvme
thst sciemce would 2utomatically e pulled aleag oc
thag it already enisted. Ue nave & severe Rnewledge
deficrency im this cewnccy. The lack of sciemtific
and techoslegical literacy is going te hurk us. Tne
universities need additienal visdom. We aced o have
nace scientists. That’s what Cle emphasis should have
Yeen ou.”

saker also delieves the conference sheuld have
tweaked chemistey for its lack of i1mscination sad ics
tarluce to be moce mcerdisciplinary. "The chemistry
depar tmenCs have been reluctaat te do much work in
selid stale science,.”™ he says. “Chesistry,
aetallurgy, sad physics ace sCill backvard witn regard
te collabeocaCive researcn. Ig°s a challenge ¢ty
taeoretical cnesistry and the uaiversities ace just
wet with it.”

The Baker acguueatl forms the aub >f che techaical
debacz. It is US sciemce that is im crisis, he
argues, and the superconductivity campeign diverts e
country from a wore fundssextal sciemca pelicy
ageads ~ buildiag a moce selid fowadacion by
attracting young people o science in the volume Jaspen
and cthe Federal Republic of Germsay do. Yet, evem a
saker ally ia criticizing Administcracioas hype over
superconductivity thinks zpplications showld be given
strong emphasis. Me is Rustum oy, esterials
scientist at Pennsylvanis State University-

"Ine science will happen ia suy case,” Roy
coatends. ‘Remember, we are tsikxing about materaisls
asture already has made. [ vould fumd che people vith
ideas oa bringing the product co spplications. They
will z4apc a3 ihe ideas come along.”

The Government is hoping that maany ideas will
come dut of tae federsl ladoratories, maimly DOE's big
astional labotatocies, suchn as Argoane, Lawence
berkeley, ard srockhaven. The aational lsbdoratories
8t present Rave & toCal saperconductivity budget of
around S1i million. Bsut the keys to their poteatial
ace their resoutces and equipment , and some provisioas
af the Techaology Traasfer Acc passed last year. Tnat
act sllows the labarstories to colladorate witn
private industry sad involves transfer of pateat
Caghts to companies provided Chey try to commercialize
the developmencs. ODOE nas great nope that the
tacilities vill pay off for iadustry.

One sceplic, hovever, is GE's Schmitr. He
believes Che nstional laborstories secve small
entrepreneurial firms better thaa large cocporations
like CE.

"To vork in corporate végimes,” siys Schmice,
"cequires big investments in liokages and
communications. We have 600 PaDs ia our Iadoratories
aad 1,100 cecnnical people aC che bdench. And those
people gec 12,000 to 15,000 visits a yesr from the
corporate marketing side. When [ look cutside Gemeral
Eleccric, 1 ses sdequace linkage opportunilies nog
witn tne national laborsatories but with universiCies.
Right now [ don'c have anything in place with the
national laboratories. But [ think the laboratories
vorking in & mode >f spinning off cechnoiogy and
licensing vould de the wvay to go."

Bt universilies need 8 revivel, too. Seys

D. mruce Merrifield, Assistant Secretary of Commgrce
for Productivity, Technology, snd Innovetion, ™We're
doing $15 billion a year in basic research in
universitiey, 10 times wmore than sny other natios does
or can do. ['d like to see the smount doubled. Mo
one else nas [such & basic research structurel in place
or con teplicate it. And we're largely vasting it.

“Ihe trevble wilh the waiversities,” he adds, “is
that they 40a’C Raeow Chat tmers 1s 2 markecplace.
Taey have a gold mine in the cesearch they dv and they
are ealy baginaiag (¢ Duiléd thc patencing amd
Licensing structures to Coke advamtage of Ihe
kaoviedge they are producing.”

Mmecrifield kas eme 1niciative me is Crying Co
pcomote. “We're taking seme of ewt wO4C experienced
industrial people - retired exscutives, vice
peesidencs and techalcal mmmagers of variows
corporations - sad offering them to colleges and
waiversities e help the imstitutioas identify tae
potentisl of their resecarch. These are people on tne
leading edge of technolegy wvhe kmow waast tae scece
is.” Abeut 81 millien is avarlable for that aclivity
tarough the Techoology Tramsfer Act. la charge of
that yrograame is cemsultant iee Rivers, formeriy of
:ls;:“-sipal Cocp., 2ad 2 recant visitiag fellow ac

To Pesa SCate's Roy, celishocation is aecessacy
bul ae doubts whether ISF 1m ils pregrammes is
equipped Co torce such collsbocation. IWSF, ne says,
is sCill tee wedded C> tax disciplines, despile the
emecience of its engincering resesrch cemtres is Che
wiversities. "It mast ferce recipiemts Co fora
1atecrdisciplinary cesms within Che university icself
e with imdustry,” Re poiats out.

“Alse.” ne ssys, “tnere should dbe no peer veview
because peer review discourages a scieatist from
cevealing his best wock. Ue's afraid it will be
stolen by the "peers’'.” Moy says the lack of antside
peer ceviev by sucn DOU agencies as the Office of
Naval Researcn sskes Cthese agencies soeels of researcn
support in tne field of satecisls science.

A ferther belief amoag semtor policy figures in
Washington is tRat CUranam’s USTP should be given tae
pover to manage the superconductivicy effort. Thac
Cranaw vas sble to convince tne White House Lo spprove
of 3 conference and even have President Resgas attead
speaks for Grahsu's influemnce with the Presidenc’s
ioner civcle of sdvisers. Wnere Granam needs to
1mprove, observers say, is im relations witn peers and
with other agencies.

“Granam didn’t even clear thae idea of the
conference vith his own Whice House Science Couvacri,”
sasys one critic. "¥or did Craham consult with the
President 's own Critical Materials Couacil.” Te
lacter council, chaired by Incerior Secretary
Donasld P. Model, was escablished to assess policy

" problems sround critical materisl needs for a

nign-tecanology era. Nor wvas WSF director Ervch sloch
brought into the planning. ™Many sre concarned cnat
slocn's role was too smsll in discussing the
screntific and mangover issues,” one critic says.
"What will go on are terf vacs,” he says, “sad OSIP
must fight agsinst these.”

Pernaps the major elemenc missing from Che
Administration’s var-drum shetoric om
superconductivity appeacrs Co de recognition of the
impv. "sace of ..'lsborstion with Japsn 1n the field, s
developu~ns that .s more & sign of hope than of
desgair.

Joiat ventures detvaen US snd Japsnese companies
sre incressing. (n tne past yesar and s nhalf, the
Commerce Depsrtment’'s Mercifield points out, 40U joinc
ventures vere set up between US snd Jepanase
companies. Tne number the yesr before wvas half cnat.
Ngxt year, ne ssys, the figure could be B0U. "Tne
only way the Japenese can access our tecnnoiogy,” says
merrifield, "is going to be tnrougn joint ventures -
someIning that expsnds the economy retner than carving
1t up into smell pieces.”




Du 2cat, repocts Pariser, already has several
jo1aC ventures with Japanese conpanies. It has
ventures in fluoropolymers, Kevlar, aand Capton, aand
Last vea:r opened up 3n electracnesical development
Labdoratory 1a Toayo. “We've made mo joiat veature
deci310as yet oa supercomnductivity,” says Fariser.
“Oa our list of things to comsider right aov is
exploriag some type of synergism with our colieagues
in US companies. Our strength is in materials, less
so in forvard integrated applications.”

Du Pont, ne says, established early this year a
bustness development group for supercounductivity, much
as several other companies have done. “They're
loozing at various market segments and tryisg o
assess oppoctunities,” he says. “For example, they're
asuing wnat (ne market opportumities would be for a
material with susercoaducting properties at 95 K. VUe
have not been 1n Couch yet wiln the Japanese, but we
nave excnanged scieatific informecioa with them at
open meetings. [ certainly don't want to see a big
wall byuilt between us and che Japanese, or else ve'll
bath go dowm the drain.™

GE's Scnmitt says GE alvready has a joint venture
going in 2 ssell ares of the superconductivity field
casough a partaersaip vith Yokagawa Medical Systems
wavolviag manufactucte of a3 computer Comograpny
scanner. “This case was interesting im chat Caey
started out as our distributor and decided they vanted
to license the tecncology,” he recounts. "We said no
dice. We wvanted 3 joint venture instead. So ve ovn
51 per cent of the company. It's 3 good example where
American and Japancse skills can mstch. In this case,
ve provide the technology, Japan provides the design.
One of the nice aspects of ceaming up with the
Japanese is that ve et a nice percentage of the
Japanese markec.”

Revamped government-to-goverament science and
tecnnology relations vith Japan are s top item at
Grahaa's OSTP. The action ceantres sround reneval of
the Presidential-level science and technology
agreement betveen the US and Japan. Signed originally
bv President Carter and Prime Minister Masayosni Onira
in 1930, tne agreement 1s up for reneval aov amd
Cranam hopes to make this the official gpolzxcy
framework between the countries in science and
tecnnology .

Graham travelled to Japan last Februsry i1a an
effort to lay the groundwork for his position. In one
speech ne told a group of Japanese science and
technology leaders that the U wvanted to see
"American graduate students, post—doctoral fellows,
and senior researchers wvorking 1n such centres of
excellence {in Japan] as the Institute of High
Energvy Pnysics in Tsukubs, Institute of Molecular
Sciences in (kazaki, Institute for Physical & Chemical
Research 1n Wako, snd the Electrotecnnical laboratory
in Tsukubs.'

A GCranam side put it in bluncer terms, "(t's Cime
for the Uz and Japsn Cto work together in sharing
cisks, costs, and benefits of science and technology.
The US and 1ts partners have shared responsibilicies.
And no one nation should bear & disproportionace
burden 1n maintsining the science and Cechnology
enCerprise ve all need. AL sny one time ve have
100 people 1n Japan. Tnere are 14,000 Japsnese
students in the US."

Tne aide says OSTP is pressing Japan to come up
with mofe 1a the way of sharing cheir knowledge. The
science and technology gosls recently announced by
Japen iavolving & more international thrust in their
D - such as their Human Frontiers Programme - ace
consideced ac OSTP "a chesp way of buying future
access Co centres of excellence in the Wasc.

3l

“It looked like they were just intendiag to drop
their pesople off nere and there. So wve proposed to
them that they set up 3 world class institute for
third wvocld screntists. They vouldn't near of 1t. So
they Lost credibility by not doing sometniang toktally
selfless. Japan is awash wiltn capital. laduscry
could have given millions of dollars to set up this
facilicy.

“And the complaint that more Americans would be
iavited i¥ they knev Japanese is a swoke screen. Tne
Japanese have no probleam functioning ia botn
languages. The issues that are more important iavolve
now people are received.”

The OSTP actitude, shared by tne Department of
Cosmerce, is not popular is the State Oepartment,
Rowever. State is importaat because it actually
drafts all scientific and techunological agreemencs
becween countries and sees to it Ihat the language has
the appropriste dipiomstic nuances.

A State Department official vith loag experieace
ia Japan criticizes Graham's use of Cthe ward
“reciprocity™ in dealing with Japan because he feels
the terwm implies barriers betveen the tvo countries.
He says Japanese govermment laboratories are as open
as those ia Aserica. “It's true cthat more Japsaese
visit the US tham ve visit Chere,” ne ssys. "t Cne
Japanese Covernment invests heavily in teaching people
English. Very fev American companies make the same
kind of iavestmeat.™

The official claims that the debate has been
"poorly msnaged” and clsims that OSTP is taking an
"amateurish” approach tovard foreign policy. “Irying
to educacte people wmo don‘t kaow the situation is a
painful process,” he says. "The living standsrds 1n
Japan are not the same 88 in America. Very fev
Americans would vant to go to Jjapan and lLive like the
Japanese do. OSTP 1s misunderstanéing cealities wnen
they want Lo iaclude in the sgreement that visitiag
Amgricans must live in Japan vithout any reductiom in
the it standard of living. Western-style Rouses of
ajartments run up to $8,000 s moath in Jspan.

"Anocther myth is that Japanese sre awash witn
money. OSTP wanted Japan o pul more money 1nto the
Superconducting Super Collider and che space station.
They dida't kaow the Japanese Covernment aas s more
secious deficit prodles than ve nave. Tneir trade
surplus does not go into the coffers of Covernmnt.
Their percentage of totsl outstanding dedbt as &
percentage of gross nacionsl product is nigher than
ours. And their fiscal policy over the past six years
unler Prime Minister Yasuhiro Fakasone has been zero
growth. We in the State Department don't want to go
to foreign countries and ractle the tin cup. We are
not going Lo have an sgreement that involves the
Japsnese spending more money here.”

And so it goes. Wich superconductivity, both the
US and Japan seem to have arrived at & nev playing
turf in their science and technology policies.
Remnants of the "America must be first”™ memcality
still persist in cthe US, vhereas many Japanese still
believe that theirs is & poor island natica. Neither
mygn truly sustsins sither society.

Superconductivity brings natioasl and
wternazional science and technology 1nto one
context. By focusing on ome thing, sll things must be
considered, [rom understanding why GE's 1,200 beuch
scientists can no loager do long-rsnge research in
this ers of corporace dottom line frenty, to soiving
the modest but crucisl snergy needs of a Soutn Asien
village. Tne dissonance of the dislogue only
demonstrates how few really seek to understand its
scope.




Superconductivity initiatives feature $150 milliom for

Oefense Department

Cucring July's federal confereace on
supercoaductivity, President Reagan outlined several
goverament programmes Co spur davelopments in
supercoaductivity and other techaologies. He spelled
out a total of Il iniciatives to:

- Expaad antitrust laws to slliow corporations to
enter joint sanufacturing ventures.

~ Amend patent lawvs so that US owmers of process
patents can sue foreign msnufacturers wvhem
they export to the US a techmology tnat
infringes tne US patent.

- Tighten Freedom of Iaformation Act rules to
prevent commercially valusble techaical
information generated in government
taboratories from being disclosed to
foreigners.

- Escablish expert Superconductivity Advisory
Group to advise the Adwinistration on research
and commercializstioa policies.

- Establish Superconductivity Researchn Centres
at Argonne, Lavrence Bberkeley, and Ames
national laboratories, and ac the Macional
bureau of Standards’ poulder, Colo.,
laboratory. Allocate $150 millioa to the
Depactment of Defense for a three-yesr
programme of superconductivity research for
military systems. Expand Mational Science
Foundation superconductivity research and
engineering by transfer of funds from otner
programmes .

= Aazcelerate federal, university, and industry
co-operation in research.

- Accelerate patent procedures for
superconductivity uses and court suits.

= Accelerate standards vork for superconductorcs
and celated devices and materials.

- Expand reallocation of agency funds into
supe-conductivity resescrch.

- 3Speed up sensor and -lectronic work at MBS and
D0D.

- Seek more US invoivement in Japanese
superconductivity research.

Argonne gets major role in national superconductCivity
ef’ort

Argonne Kational Laborstory nesr Chicago has been
tabbed by the Adminiscration to take the (ederal lead
in catalyzing the transfer of commercial uses of
superconductivity from the public sector to business.
Tne laboratory nas been doing research on
superconductivity and on ceramic materials for
20 years and has established under Cregory desio &
superconductivity applications office within its
Tecnnology Transfer Centre. In June it held s meecing
outlining Argonne’s capsbilicties to slmost
200 represencatives of induscry.

The centre ilself vas set up soms years ago Lo
seak out promising Argonne resesrch for licensing to
the private sector. Proprietary aspects will be
nandled through s non-profit entity known as ARCH
Development Corp. ARCH is an scroaym combining
Argonne and the University of Cnicago, which manages
Argonne under a Department of Energy contract. As

manager, the universily is the sutomatic owaer of
Argonne inveantions and, through ARCH, licenses
iaventions to interested corporations. Half che
royslties, novever, vill de coatributed te Argonne’s
research bdudget.

The centerpiece of the supercoaductivity outreacn
effort at Argonne will be an indystrial affiliates
programme modeled after many that already exist ia tae
country's me jor zachaical universities. seslo says
the programme, costing companies with fever than
500 employees $15,000 a year and larger companies
$25,000 anuually, will organize yearly meetings that
will review progress in the field, publish o
aevslecter for members, a-1 provide pcepriats and
reprints of research plus market analyses of oew
commercial ventures. In sddition, seslo says the
centre will provide affilistes - who will be fros B4D,
wenufactucing and finaancial fields - one consulting
day per year at Acgonne and it vill send out experts
to provide seminars at affiliate sites.

To protect proprietary informstion, affiliates
will nave to sign nondisclosure agreemencs to ensure
that important {indings are kept within ARGi. In
iddition, Beslo says Japaaese firas will not be
eligible for affiliste membership. wnether U5
conpanies Chat engage in joint ventures vit: japsaese
firms will be alloved membership has aot been
decersined.

Through its econcsic development activities, Cthe
state of lllinois is also hoping to cash in on the
enthusiass for superconductivity. So an equally
significent wove st Argonne is 3 planned [llinois
Supetconductivicy lnstitute t2al would drav upon
superconductivity wock ac [llinois lastitute of
Technology, Morthwestern University, Universily of
Chicago, University of fllinais, Argonne, and
Fermilab. [llinois believes it has the best
concentration of supercoaductivicy resesrcn and
applications taleat in the Western vorld and 1s noping
to build a "Superconductivity Valley” on the plains of
aorthera Lilinois.

Looking down at it all with considersble pride is
Argonne ditector Alan Schrieshelm. “in
superconductivity,” he says, "Argonne has the largesc
aonindustriasl basic programme in the country. And
vith our work in basic cerasmics, too, ve can essily
mesh 8 basic snd applied progremme. We also have the
facilities to exsmine structure. I[f chere is 3 game
to be played here, Argonne will cectsinly always be a
player.”

Science adviser Grahsm boosts Keyworth's new venture

As a direct result of the current
superconductivity hoopls, various consulting groups
are forming CO advise industry of trends and
opportunities in the fast-woving field. But during
Juiy's federal conference on superconductivity,
science adviser Williss R, Ccanam singled out only one
for & plug -~ thact formed by nis predecessor,

Ceorge A. Keyworecn (1.

Grsham snngunced before his largely industrial
sudisence thst Keyworth, nov s Washingfon consultant,
vas setting up 8 non-profit "Council on
SuperconductiviCy for American CompeCitiveness™.
Keyvorth will be chairmen; Rolsnd Schamite, vice
president for corporste science snd technology for
GCenersl Electric snd chairman of the Mational Science
wmard, vill be vice chairman.

Members of tne council bosrd are yet to be
amnounced, but, according to Keyworiln assistant
sruce Abell, the nev organizstion will "dring togetner
kaoviedgeasble pecaple Lo snare INs1ghT vilh members and




get firsc-haad information on thnings that are going oo
and where they are heading™. Keywocth was working on
the 1dea before the conference began, abell says, and
the council will try especially nard to attract
members wno are aot “firsc liae™ compsaies in thne
freld.

The big distinguishing feature of Keywocta's
council, say, Adell, is tnaz it "focuses on a
techaology that cuts across 8 waole range of
industries and goverament areas.” Japanese
corporations vill be exciuded f(rom purchasing
asabership.

Superconductivity: key researcn areas targeted

A ¥ationsl Academy of Scieaces report
commissioned by the federal goveramenc calls for an
eight -point programme of research in the field of
nign-temperature supecrcoaductivity plus, as a
begianing, about $1U0 million a year in federally
sponsored research in this booming field.

The report was prepared by a 2h-wmember panel
neaded by John K. Hulm, directoc of corporate research
and RAD planning for Westingnhouse Corp. It wvas issued
as part of 3 coatinuing series o resesrch briefings
or various fields by the Commitiee on Science,
Engineecing and Public Policy.

Superconductivity is all the rage these days
because of the discovery of copper oxide ceramic
materials that corduct electricity at or sbove the
temperature range of liquid nitrogen. The panel is
excited aloag with everyone else in materials science
and technology. Although ackaowledging that a lot of
theory needs to be cone [0 understand the phenowenoa,
it says "enough is already known to encourage
commercial development efforts wvith the newly
discovered materials™. The commercial market for
superconducting devices currently is sround
$:00 million.

The reporc says the "precommercisl exploration
period” will last about 3 decade. BuC neac-tera
prospects for applications of high—temperature
superconducting materials include magnetic shielding,
the voltage standard, superconducting quantum
inter ference cevices (SQUIDS), infrared sensors,
microwave devices, and analogue signsl processing.

Long-term prospects, it says, iaclude large-scale
applicacions such ss wicrowvave cavities, power
transmission lines, and superconducting magnets in
denecators, energy storage devices, particle
accel acors, rotsting mschinery, medical imaging
sachines, levitated vehicles, and magnezic
separators. In electronics, prospects include
computer spplications with sesiconducting-
superconducting hybrids, Josephson devices, or novel
transistorlike superconducting devices.

Hulm's group picks out eignt msjor aceas of
tesearcn that it believes need emphasis in exploring
the aevw materials:

- [mproved understanding of such propercties as
Cransition temperatures, critical magnetic
fields, critical currents, and alternacing
current l-sses in superconductance.

= Understanding of the basic molecular
mecnanisms responsidble for superconductance.

- Synthesis of nev compositions, structures, and
phases as part of an intensified effort to
develop further promising maCerisis.

~ Prepacation of thin films of controlladle and
teproducible qualicy, sad estadlisnment of
improved tacnaiques for groviag files suitadle
for fabricating electronic devices.

— Development of dbulk coaductors from current
msterisls witn specisl emphasis on esnaaced
curreat-carcyiag capacity.

~ Advanced understanding of synthesis,
processing, stabilaly, and large-scale
production of the materials.

- Fadbricatioa of prototype circuits sad
electromic devices based on superconeucting
|icrocireuits of Rybrid superconductor/
semicondyclor citcuils.

- Fabrication, as bulk conductors are developed,
of a range of prototype higna-fireld magnets, ac
and dc pover devices, rotating machines,
transmsission circuits, ane emergy stocage
devices.

The panel recommends that the Governant
appropriate $100 million for fiscal 198 to accelerate
the effort. About $30 million is being spent now in
reappropristed federal funds. And the panel estimates
that at least Chat much is being spent by industry on
tne science and Cechuology of Cthe mev msterials.

It says & mechanism should be estadlished to
monitor the potential demand for sanpover to prepare
for the time vhen technclogically appropriate
maCerials are developed.

Tne panel also calls on the Covernment to review
progress 1n the field 12 months nence as a3 guide Lo
establishing further levels of supporc. It wants che
Government to assure that industry remains
iniernationslly competitive in tne field by linking up
vith university-based engineering centres supported by
the Kacional Science Foundstion aad by sundry
cost-sharing projects betveen Covernment sad ladustry
oa proof-of-—coacept projects.

. & 5 0 B
The President’s supercoaductivity initistive announced

On 28 and 29 July close to 2,000 US businessmen,
engineers, scientists, plus numerous members of tne
Press, both US and foreign, gatnered in
Washington, D.C., st the Federal Conference on
Commercial Applications of Superconductors to hear
about the status sad commercial potencisl of tne
recent breskthrough in high-Cemperature
superconductivity snd the Covernment's plans to foscer
US leadership in realizing its commercisl promise.
Tne impressive display of government unity with tne
presence of Presidenc Reagan, Secretaries Herrington,
Schultz, and Weindberger, plus many agency nesds
bespoke the sdministration’s commitment to bring
government and industry together.

In nis sddress, President Reagan snnounced his
Il-point “"Superconductivity Initiative™. Ic includes
"a 'Wise Men's’ advisory group on Federal policies snd
regulations thet affect suparconductivity researcn and
commecrcialization; ‘'quick scart’ grancs for good
ideas on processing superconducting msterials into
usefsl forms; the estadblishment of s nuwber of
superconductivity resesrch centres;, and » nearly
$150-willion R&D effort by the Department of Defense
(DoD) over three years”.

With the exception of DoD, no other specific
agency funding was mentioned. Rether cthe federsl
agencies are encouraged "to continue to reallocste




¥Y¢ 1947 funds iato supercoaductivity basic resestcn,
applied research in enabling techaologies, and
prototype development™. They are also "directed to
place a hign pciority foc this ares in FY (988 fuanding
and in FY 1989 plamning™. At preseat the rotal
government spending on the nev superconductor
activities is sround $50 millica, sll of whick is
reprogtammed woney. UWnile tnis msy not have a
decrizwatal effect oa exiscting programmes in Che shoct
run, Lf new soney is not allocaced, ongoing produccive
programmes wduld most certainly suffer.

la the area of legislation, the President
aansunced that he vould soon send s legislative
initiative to Coagress addressing the issues of
aatitcust, patents, and the Freedom of Inforestion
Act. The first issue addresses amending the Metional
Co-opecative Reseatch Act to expand the concept of 8
peraissible joint venture in ocder to reduce the
perceived risk of businesses that certain joinc
production ventutes Tould expose thes ¢o antiltrust
legislation. The second issue addresses Che
protectioa of intellectual property rights by smending
cthe US patent laws to increase the protection for
process patents. And the third issce would suthorize
federal ageacies to withhold from release, under the
Freedom of laformetiocn Act, certain commercially
valuable scientific and techaical inforsatioun.

Tnis Last appears to be somevhat st odds with the
tlch point of the President’s Superconductivity
faitiative, whicn states a Jesire to take “sévantage
of the opportunily preseated by the current
negotiations for reneving the US-Japan Agreement on
Sciznce and Technology to seek reciprocal US
opportunities to participate in Japanese government
supported cesearch and development, including
supercoaductivity”. Tnhis agreement - which became
efiective in 19%0, vas extended for two vears in 1935,
and tnen for an sdditional six wmonths lasct April - it
cowes up for renewsl ia Octaber.

A key point in the initistive that is alresdy
being implemented is the establishment of & nuwber of
Superconductivicy Resesrch Ceatres st the Depastment
of Energy (DOE) National Laboratories to conduct basic
research and serve as repositories of information to
be disseminated throughout the scientifi¢c community.
The Ceatre for Superconductivity Applications will de
at Argonne, Tne Centre for Tnia Film Applications at
tawrence berkeley, and the Centre for bBasic Scientific
[nformation at Ases. To supplement these accivities,
Secretary Herrington has designated Los Alamos to
"explore private sector interest in the establishment
of co-operilive research prograsmes to develop
ensbling technologies for commercisl applications of
superconductivity”.

The DOE's Cffice of Scientific and Technical
Informacion at Oak Ridge is developing a
superconductivity informstion systes vith Che ultimace
goal of making it available to business and acsdemis.
On 6 July an electronic mail system and dullezin board
for sharing current information went on line, snd on
3 Augusc s dats base of searchable vork in progress
vitn initial iaput from DOE contracCor resestchars
becace availsble. Scheduled for completion by
14 September is a fully searchable preprints data
base. To dete, the scope of system users has deen
lisited to DOE resesrchers snd contractors but will
soon be expanded to include business usecrs, witnin tne
limitations of the present equipmenc (200 passwori
nolders).

Tne Necionsl Buresu of Standards (MS) Laborstory
in Boulder is designated as a Contre for Electronic
Applications. Since the early 1960s when
intermetallic superconductors vith msgnecic fields of
10 tesla vere discovared, this lsborstory nas been at

tne Sorefran” of supercomd~ctivaity Cecnnology. The
WS laboratocy i Gsithersberg has Deen directed to
“accelerate its efforts to develop and co-ordinate
common standards™. Movever, here sg2la no additiroasl
tunds have deen suggested.

Twe Msticaal Science Fouadation (MSF) nas alse
been requested to suppoct additional superconductivily
Tesearch programmes in tharee of its materials research
faboratocies, and Co initiate the “quick start™ granmes
for praocessing resaarch mentioued sbove. {(Source:
Magerials and Processing Report, Seprember 1987)

(b)  Japas
AIST sirs superconductivity-related development policy

tn March 1987, the Agency focr Loauscrial Scieace
and Tecnaology (AIST), Ministry of International Trade
and I[ndustry (MITI), snnounced a “Policy for
Development of Superconducrivity Related Tecnnalogy™.
Tne policy will prowote the elucidation of theories on
superconductivity and efforts co find nev materials oy
doing the following: (1) establish a round-table
committee on the development of supercoaductivity-
related industrisl techoology; (2) further empnasize
the resesrcn on supercanductivity being carcried out in
national researcn institutes; aad (3) comduct
feasidility studies an¢ resesrch on equipment and
materials related co the application of
superconductivity to powver generatioa.

A. sackgrouand |

1. In comnection with raising the temperature st
wnich superconductivity occurs, revolutionary progress
has been made in resesrch by foreign sad domesCic
laborstories since last yesr. It was amaounced that
superconductivity was realized st a temperature above
the nitrogen )iquidation temperature (77K) and this
vas folloved by new observatioas coucerning new
materials. It has reached a poinC vhere the
possibility of supercoaduction st norssl temperatuves
is being discussed.

2. Last autuan, upon receiving scientific
information from the Zurich lsboracory of IsM that
nigh-temperagture superconductivily vas possible in
oxides, Tokyo University immediately proved that tnis
could be done. This, aloag with basic resesrcn on
supercoaductive substances by the electronic
technology resesrch insticute and other Japsnese
rfesearch organizstions, sre greatly contributing co
research on superconductivity.

Furcnermore, MITL nas alwvays been avare of the
great pocential of superconductivity by nesvily
promoting the elucidation of the basic sCructuce of
superconductivity snd RAD on high-temperature
superconductive materisles, the Josephson device,
superconductive wire, and superconductive electric
pover equipment by Lsboratories under the sponsorsnip
of AIST or through co-operation with privete fires.

3.  Althougn there are s lot of problems with
superconductive materisle that have to ba resolved,
such as incressing the electrical curreat the
matertisls can supporc and improving processability, if
these can be established s industrial materisls in
the future, it will simplify handling and drastically
reduce the cost of medis for cooling. Therefore, 1t
can become 8 brosd-based industry wnich can be used
for lLow-currency products such as devices and their
cirecuitry for superfsst computers and stromg currency
products such as highly efficisnc slectromsgnets for .
medical aquipment, energy generscion, trsnsport
equipment and precision messuring equipment. It nas
great potentisl for contridbuting Co numsn progress and
the potencials of tne technology itself sre soundless.




- based on this important breskthrough in basic
tecnnology concerniag superconductive matter, ve vill
continue to make conce’ “ioas globally to the

technological revaiut “he area 2. basic
technology, with a vi rd realizing
superconduction at notw - - mperatures, by msoving
forvard vietn a broad range of efforts to elucidace
theories oa supercoanductivity and find nev materials.
Aloag witn this, we will seek to enhance properties of
supercoaductive features and processadbilicy of
waterials tnat already have been developed in order to
establisn and apply them as 1ndusirial materials. To
40 the above, it wiil be necessary to further
strengthen our RAD system.

Toward cthis end, MITI will take tne following
measures:

(Mote: Superconduction is the phenomenca merein
electrical resiscance is zero vhen certain substances
are cooled to extremely lov temperatures.)

| Content of the policy

1. Escabiishmeat of & "roundtable committee on the
development of superconductivity related industrisl

technology”™ (an advisory committee to the director-

general of ALST)

(a) Tne roundtable committee will convene its
first meeting tn mid-April 1987 and will compile 2
report witnin the year. (It will compile sa interim
repocrt acround June 1987.)

(o) ltems to de studied:

(1)} Recent techaological dbreakthroughs and
future prospects concerning superconductive
materials.

(iz) [mpact of the breakthroughs oa future
industries.

(1ii) Selection of topics that should be taken up
at the nacionsl level as topics in future
policy on industrial technology.

(c) Otnhers:

(1) General affairs for the committee will be
handled by AIST.

(ii) Specific zontent of technology and aress of
application to be covered by the roundtable
committee will be considersd at che expert
level.

2. Strengchening resesrcn on supercinductivitly in
national resesrch institutes

Regarding research on matter that is
superconductive st high temperatures and the
development and application of high critical
temperacture superconductive macerials, R6D is being
conducted in the electronic cechnological research
institute as 3 special resesrcn project entitled
“research concerning extremely lov tempersture
eleccronics”. We will raise the priority on
acceleracing cthis project and duild s system for
research co-operation in this field which will be
hesded by this insticute and will include such
organizations as the chemical technologicsl researcn
centce, the Nagoys industrial technological laboracory
and the Ctextile and nign polymer materials research
centre.

Additionsally, researcn on organic
superconductors, «hich is being carried out i1n the
electronic technological resesrcn institute under R&D

on conductive high polymer msterials &s a part of R4D
on next-generation industrial xey techaclogy, wiil be
coatinued in FY¥7. (Allocation tcom the budget will

be $327,945,000.)

3. Feasidbility survey and research oa
superconductive pover generation equipment and
saterial ctechoology

Additionally, as part of the "ooslignt Projecc™
(project to develop energy-saving Cechaology), in FY83
and 86, a brosd-ranging feasibility survey was
conducted on the technological and economic
possibilities of a nighly efficient power generator
that applies the phenomencn of supercoaductivaty.
Continuing with this, experimeatal production and
assessment of supercoaductive vire and concaptual
design of the power generator are scheduled [ de
implemeated in FY87. (Total budget will be
¥100 millioma.)

(See annex | for the cresults of the F735-86
feasibility survey.)

Maex 1

Summary of feasibility survey oa superconductive power
generation related equipment sad material techaology

A. As part of the "oonlight Project” (developmenc
of energy-saving techaology), ALST coaducted 8
two-year feasibility survey ia FY85-86 on equipmen.
and materisls technology applying the pneaocsencn of
superconductivity.

AIST commissioned 8 company, "Technova™, with tne
survey and research. It vas neaded by Akira Yamamura
(Professor eseritus of Tokyo University sad & director
of the electric pover cemtral resesrch institute) and
conducted with the participation of over a hundred
experts from scademic snd industrial circles and the
astional laboratories.

8. Msin vesults of the survey

1. A superconductive pover generator would be wore
efficient than & conventional gemerator becsuse rotors
made of superconductive material vould create strong
sagnetic fields. It vould nave the following
advantages over existing generators:

(a) Tne size and weignt of the generstor would
be reduced (reduce axis leagth by 40 per cent and
veigne by 50 per cent).

(b) The stability of the electric pover systesm
would be incressed (incresse transmiCtable power by
50 per ceat).

{c) The generator's efficiency vould oe raised
0.5-0.7 per cent.

(d) A superconductive generartor is more
economical than a conventional generator beginning
with 300,000 kilowatt (KW) ¢class generators, and the
larger the generator, the grester the economic
benefits. (Annual cost benefic in the 1| million KW
class would be ¥N0 million.)

2. Technologicsl development copics

(s) Armature (ststor) structure and matecisls:
development of air gep coil structure (completely new
topic).

(d) Rotor structure and materials: develupment
of multi-cylindrical structure cnaC could vicnetand
high-speed rotation snd thac could be cooled easily
(complately new topic).




{2) <Cooling s»stem: generally spesking, the
iower the temperature of superconducting msterials,
the more possible it becomes to create strong magnetic
frelds.

3. Techaological effects

<ite used in generators and pover equipment must
%¢ able to witnstand the most rigorous coaditicas
Consequently, development in this field will
contridute to the development of hign-performance vire
for use in supercoaductive transaissioa cable,
transformers and sagnets.

- Proposed development prograwme

Pnase 1 (about eight years) vill de for tne
development of technology to make wires from
saperconducting materials such as oxides. Using a
7,000 kv model geanerator, daca on veliability and
basic data for bigger generstors will be collected.
it will be possible to complete the wodel generator in
tne fiLfth yesr of this phase, and it will cake two
vears for Cest operation.

Pnase 2 (four-six years) will be to introduce a
200,000 KW pilot generator into aa electric power
system and assess its performance.

Pnase )} will be for the production of
demonstration equipment.

c. Relationship with hign-tempersture
superconductive macerials

Research aimed at msking wires from
superconductive materials is important. The
development of usable wires witn high criticai
temperatures and with tne ability to support hign
currency will contribute to reduction of cost and
increase in reliabilicty. (Source: TSUSANSHO KOHO,
30 March 1987)
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Supercanductors in Japan

The scate of play

[f the business at hand wvere not so deadly
serious, the superconductor "bum:" (boow) now sweeping
Japan would be glorious black comedy - cthe
International Trade and Industry Ministry (MIT")
slipping into its most comfortable role of encouraging
Japan's private sector to unite and conquer, while
nervously guarding its rear from attacks by other
ministries; university professors and research staff
scrambling back to their laborstories before sun-up,
to catch what the first newspaper editions are saying
tneir competitors achieved overnight; publishers
madly commissioning books on "superconductivity” co
fill already well-scocked bookshop shelves on tne
subject; an Osaka rare earth importer fending off
30 ) nquiries a day for nis “Superconductivity Kic"”
with weeklv sales copping about 100 ... &C up to
$US 4,650 each; while researchers at a government
laboracory in Hokksido expound the virtues of rice
husks for commercial superconductor splications.

"in March and April, everybody was Crying to find
out about the new oxide superconductors,” recalled
lenari lgucni, «n associate professor in Materials
science st Tsukuba University cutside Tokyo. "Then in
May there vere nav discoveries sbout higher
temperatures being resched and it vas not until
September that the fever calmed down. Bul Chere are
several symposiums planned in Negoys and near Nikko 1in
the next few weeks 8nd 30 nOV ve have COo see wnat's
going to happen next.”

Lest spring, lgucni was amoag the napless
hundreds im research wnstitutioas and peivate
companies across Japan who staggered nome at around
3 am "for a nap” before tusning back to scam the
Electronics Section ia moroing papers like the Minon
f21zai Shimbun - vith & circulation of 3.) millioa.
sut such demonstrations of devotion to the cause
should be vieved in context.

Spiteful autterings - coming mostly from across
the Pacific - about the cunning Japsnese capitalising
on yet saother Westera scieatific advance ate based
mocte on a Righly aroused state of parancis than aay
geauine view of developments in Japsn. Like everyone
else, the Japanese nave their eyes [.roly fixed on a
nigh~temperature, stsble and large-capacity grail of
superconductors - and part of a market prize some say
will be wortn $US 70,000 millioa by the tura of the
cenCury. But spart from excited press statements, nev
books and other shiny trappings, Japan's knights ace
largely a dishevelled lot and they have not progressed
much further in the quest Cthan their Westera
counterparts.

Surprisaing discover ies

The supercoaductor fever that gripped Japan last
spring arose more out of stunned surprise than
anything else. When the research papers of the
Bednorz and Mueller discovery vere publisned in
April 1986, the ‘apsnese joined the flurcy of
internstional research though not with the same zeal
they would show 12 sonths later. For one thing, IsM's
scientists still used liquid helium vnich, in cherr
eyes, did not amount to much of a breaktarough.

vy the time of the Zurich discovery, several
Japanese university researcn laboratories vere wvell
into their second decade of superconductor
development. In fact, several sonths before chat
first "nigner temperature”™ discovery vas made 1n
December 1985, Japan had unveiled its first
electromsgnetizally-propelled train. This was the
so-called KSST of High Speed Surface Transport train
that Japsn Airlines snd Sumitomo Electric began
building as early as 1974 -~ and one the CIA allocated
$55,000 for bribes 1n an actempt to getr the
blue-prints. The Crain is propelled by a linear motor
using nelium-cooled superconductor electromagnets and
gave plessure rides to visitors st the 1945 Tsukuba
Expo. Compsnies like Hitscni sad NEC are no strangers
to "conventional”™ nicdium-titanium alloy
superconductors.

Japanese lead in applications

industry observers suggest that wnile researchers
in other countries - nofebly tne US - are more likely
to beat the Japanese at being the first to define
nign-temperature superconductivicy and “further the
process of understanding”, it is the Japanere who will
lead in applicstions.

Still back in 1985 and long before Houston
University’s Posul Chu revealed nis magrcsl green
coloured oxide - which sent Japanese laborastories
plugging elactrodes into slmost every grien substance
they could think of - Jspsn wvas already toying witn
superconductor applications.

fhe playgrounds vere lsborazories belonging to
HITI's Agency of industrisl Science sad Tecanology
(AIST), in many universities scross Japsn and s
researcn centres in scores of privace companies
including Nitschi, Sumitomo Electric, Mitsubishi
Electric and Tosniba. The government-sponsored work
dove-tailed with existing programmss like AIST'e




mlei-Lillion yen “Mooalignt Project” researca
srogramae degun in 1976 concentrating on advanced
technology 1n ecergy coaservation.

On the corporate side, Tosniba had been saking
Ladoratory-scale superconducting aiodbium-tin asgnets
and <otls since the wid-196Us in comjunction witnh
dodies like the Japan Atomic Energy Research [ostitute
and tne Electric Pover Industry Central Research
tascituce; Mitsudbisni Electric superconducting wires
were used 1n totary coadensors, resulting from work
begun tn 196); and Hitachi has been making niodiuvm~-
titanium multifilamentary zables for supercoaducting
aagnets for over a decade.

dovever, Professor Chuv'« announcement on
15 Fedruary that he had acnieved supercoaductivity
at -180° C rocked Japan's scientific vorld. Apart
from the obvious - cthat Chu ns' coafirmed what Bedaorz
and Mueller had oniy supgested sas possible - cthere
were two other reasons for Japan's excitement,
epitomised by Shoji Tsnaka's "I can sense a nev age
coming”.

Yew age dawning

Acguably of lesser import was .he fact that Chu
nad wonictored a superconductive reaction a% above
-136° C, the temperature of liquid nitrogen. Tnis
233 of significance because Japan cannot make !iquid
neliue locally and had been importing almost all of
1ts requirements from the US. Ila October, the liqu:ad
helium price in Jaspan ranged between 3,000 and 4,000
ven per litre, while that of liquid nitrogen - whicn
an be manufactured domesticall; - vas only 45 yen per
litre. Suddenly, super:onductors became a lot morce
commercially atzractive for Japsnese companies.

The second reasua wvas that the Japanese had been
so close. Assistaat professor of engineering at Tokyo
University, Koichi Kitazawa, recalls chat when Cnu
a3de Ris announcement, Nis sCudents jokingly suggesced
ne should resign. Kitazaws, vorking under Jspan's
superconductor pioneer, Shoji Tansks, had been
experizenting vith green—coloured ceramics through
mich of L1936 when Kitszawa told his scudents to drop
the green stuff since he thought "superconducting
milerials caonot be green-coloured™. bBut as an
embarassed Kitazawa observed, "If 1 had not made tnis
mis judgement, our group might nNave hit upon the
substance ahead of Doctor Chu”,

Pipped at the post but not out of the
competition, Chu's discovery ignited an explosion of
Japanese research tnsc produced results alwost
immeaiately. I[n early Msrch, AIST's National Research
Institute for Metals (NRIM) snnounced it had achieved
Chu’s criticsl temperature; on L7 March a research
group at Kagosthima University in Kyushu claimed it
discovered a ceramic that superconducted sz “"room
temperature” or 14 C. On 3 April, s team st Tohoku
University announced superconductivicy st -178° C
and anocher government laboratory -173° C, a day
afcer Tosniba announced it had made the vorld's firsc
"higher tempecrature” superconductive vire. Hokksido
University vould soon anaounce it had pushed tne
critical temperature up to -98° C, followed over tne
next fev weeks by numerous other “record-breaking
discoveries” that vere all signs that Japan's
infectious superconductir fever vas spresding.

The speed with which laborstories srattered the
lengtn and breadtn of Japan, announced similar
discoveries clearly shows the high level of
superconductor research sctivity existing long before
Cnu's revelsction. But, 8s Chuck Coto, & securities
analyst with $.C. Warburg Securities in Tokyo
suggests, quantity does not mean quality.

"Most of the statements being made atre gardbage,™
he told ME. “Nobody has defined exactly wnac
‘supecconductivity’ s and 80 the ¢riteria each uses
to judge wren 8 material superconaucts is differenmt.™

Goto was among ihe hundreds who packad a Tokyo
auditorium rucenlly at Japsa's firsc iacernacional
sSyaposium on supeccoad::tivity. "1 was very
dissppointed because svcu there, scienlists vecre
coatradicting each otner over whal makes 2 materisl
superconduct,” he said. Tsukuba University's iguchi
agreed scying, “chere is still lots of controversy
about tne mechanics of this aev oxide supercoaductor
and nobody really knows what is goirg on.”

sut there are still problems

Md vhile Tokyo University's Tanaka and others
are excited by the prospect that room temperature
superconductors will inevitadbly become a reality,
Iguchi for one s far more cavtious. “If 1 sssume
they exist - that physics and their stomic structure
permit tnem to be made - then probably they will be
developed in a fev years. but before saying chat, |
®ust be coavinced that it is physically possidle to
mike 3 room-tempecalure superconductor,” he said,
adding "1 sm not coavinced yet.”

The question of scability is one plaguing
superconductor researchers the vorlid over. [n Angassc,
MITi's Electrotechnical Laboratory, also at Tsukuba,
a3de [wo samples using & yCtrive-barius-strontium-—
copper oxide compound which has a critical temperature
of 65° C or J3J% K. But observers ssy tne tvo
vere acoag over 8 hundred samples the EIL made, vere
extremely difficult to reproduce - let alone in tne
millions for commarcial applications - and their
supercoaductive state disappeared sfter U days ot
room temperature. Sumitomo Electric Industries
announced in late June it had made 3 "room
temperature” superconductor where all electric
resistance was losc at 27° € or 300° K.

Most work proceeding now in Japan iavolves the
use of that yttrium-barium-copper compound whose
characteristics - that it superconducts at betveen
90 and 95° K or above liquid nitrogen - are at least
known and fairly predictadle if not cospletely
understood.

The next barrier Japan is trying €o overcome is
applying zhe technology of carefully-wotnecred
laboratory samples to the harsh world of product
fabrication - eitner in the fors of superconductive
vires or tnin filas less than & micron thick.

In laboratory experiments, yttrium oxide, barium
carbonste, and copper oxide are mixed with other
ingredients in powdered form, pressed tnen sintered at
sbout 90U° C to meke a superconducting ceramic
pellet. MITI's MM nss made similer pellets wnich
voast critical cemperatures of up to 123% X or well
above liquid nitrogen. However, when the MiIM cried
pressing tne ceramic into s thin copper—-nickel ailoy
tube to make 8 superconducting wire, the properties
deteriorated and the wire nad to be cooled to 30° X
or -243°C (liquid nelium teaperature) before it
superconducted. Hitachi, [BM and others have also
been faced wvith the same problems wnen Crying Lo make
thin films,

Making che ceramics is not the problem. Apart
from the major electronics manufscturers like Sumitomo
Electric and NEC, non-ferrous mecal smelter Miisui
Mining snd Smelring, snd steelmskers Nippon Steel snd
Ksvasski Scteel have announced they too have msde
82-Y-Cu~0 based ceramics which superconduct st about

90° K.




Mt fev, novever, have successfully made stable
superconducting products. Hitachi Cable, vitn many
years' experience ia ninbium-titanium supercoaducting
wires (it developed cables for che magnets used in
snother linear train built by Japan Railways), has
only managed 93° K for its oxide wires. Anotner
cable maker, Fujikara itd., has only menaged 3% K
with its vire wnile Japan's telecommunications giaat,
Nippon Telegraph and Telepnoae (NIT) has pushed chis
to 8" K (-189° C) with a thin film made at its
Optoelectronics Laboratory in Tokaimuras, nocth of
Tokyo.

Advances in densities

what is significant sbout NTT's advance,
revealed last August, is that when the temperature was
lovered to liquid nitrogen's— -196" C, NIT could pass
boost curreat density to 1,800,000 amps per sq. cm.
Tnis is important because to wake & supercoaducting
magnet, the density of the electric current passed
through the wire coil must be at lesst U, 000 amps
or 1,000,000 amps per sq. cm or the magnetic field
created will net be strong enough. Moreover, NIT
claimed that the capacity of its film to carry
large saounts of electric only deteriorated after
75 days. "The developmenc of tnis film will
greatly enlarge the scope of superconductivity
applications™, said Toshiaki Murakami who heads NTI's
research group.

Pernaps it will, but then producing one film
between 0.6 and 0.7 microns thick aand churning out
millions to the same rigid specifications for
commercial applications is quite different. As
Yoichi Kimuia of MITI’s Electotechnical Laboratory
observed, "There is still a wide gap between
possibility and reality and finding & breakthrough in
the existing techaology is our chief concern”.

One thing is certain, however. When that
breakthrough is made - whetner inside or outside
Japan - MITI's years of vork in building a structure
where advances in fields like superconductors cam nave
immediate import, will quickly pay off. (Excerpts
from Macerials Edge, March 1987 article, vritten by
Russ McCulloch in Tokyo) (To obtain & free sample copy
of Materials Edge, concact Disnas Little by Lcx 21383
metbul g, or fax (01)3378943)

(e} Euraope

UK escablisnes joint committee to support deveiopments
in_superconductivity

The UK's Department of Trade and [ndustry (DTI)
and the Science and Engineering Research Council
(SERC), formed a8 joint committee in October 1987 to
co-ordinate support for developments in
superconductivity .

Chaired by Sir Martin Wood (Oxford Instruments),
tne committee will include representatives from
industry, acadenis, and government, and will have
cesponsibility for advising boch SERC and DTI on
national research and development priorities in an
efiorc to poost the X effore.

potn DTI and SERC have supported research and
development in conventional superconducting technology
for many years, slthough recent developments have led
to a re-exsmination of needs in this sres. The
potential advantages of superconducting materials at
room temperature are, of course, enormous, and one of
the first tasks, therefore, will te to help selecc the
location of the University Resesarcn Cantre for
Superconductivity. The committee will slso assess
national educastion and training needs.

ln order to further encourage industrial/acadesic
collaboration and keep in close touch with
developments abroad, the DTLI and SERC nave appointed
Dr. Lan Cordett s the UK's Joiat Co-ordinator for
Supercoaductivity. He is Head of the Applied Science
Division at the SERC Rutherford Appletoa Laboratery,
and part of his role will be to ensure that industry
and academia are vell informed about the policies of
the national committee for supercoaductivity.

(Source: European Scieance Notes, 23 October 1987)
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Superconductors - 8 technological revolution

Multiple asplications

Superconductors have many different technological
applications and if, as current research indicates, ve
can reach higher temperatures, if possible close to
the smbient temperature, tnis wil! signrfy a real
1ndustrial revolution, especially for:

- The carrying of electrical powver in hign
tension lines wnere some 1V per cent of the
teravsacts produced are now lost;

- Superconductor magnetic levitation traias,
which could travel at 40V or 500 Kph witnout
vheels, as extresely poverful magnetic fields
keep the train gliding above the track. Only
superconducting magnets can produce magnetic
fields of sufficient strength. Ar present the
Japanese (USST) and Germsn (Transrapid)
prototypes would necessitste the cooling of
superconductors to the temperature of liquid
helium, which makes this type of transport
excessively expensive;

- Electric cars where energy would be stored in
superconducting coils;

- High-powver wmotors, generators, etc.;
= Very compact computers.

As ve can see, there are numerous applications
covering wide sectors of our economy. Tnat 1s why the
1nternational scientific community has moved very fast
to take cp this challenge. Tnis is particularly true
in Europe, especially as that 1s wvhere nev materials
vere initislly discovered.

Two European meetings have been held under the
aegis of the Council of Europe and the European
Commnity to take stock of research and applications
in the field of new materials. superconductors.

The first was neld in Strasbourg at tne Counci’
of Europe under tne aegis of tne European Materials
Research Society (EMRS) wnich gatners every year to
take stock of progress in research into and the
applications of new materials. As a very greit deal
15 st stake, discussions Chis year were substantislly
devoted to these questions.

A second meeting at Cenos wade it possible to
continue discussions and compare the most recant
findings.

The European research community thereby intends
to play a full role 1n meeting this challenge in order
to place European industry in 8 favourable position
and ensure that we maintsin a presence as far as
fucure applications are concerned. (Excerpted from
Forum Council of Europe, 2/1987, article written by
Jean-Pierre Hassud, Head of the Higher tducation and
Kesesrch Division, Council of curope and Paul Siftert,
President, EMRS, Centre de Recherches Nucléaires,

sScresbourg.) R




First European worksnop on nigh T. superconductors
and potential applications

Tne first European Worksnop on Hign T,
supecconductors and Potential Applicatiocns was neld 1
Genos, italy, from | tnrougn 3 July L¥8J. lcs goais
were to review Eyropean progress in this field and to
formslate strategy and policy for tne directioa and
support of future work, both in basic researcn and
tecnnological development. There vas shatp avareness
of the competitive nature of work in this field, and
the need to at least keep pace witn advances in Che US
and Japan. The outlook was inkeaded to be European,
ratner tnan national, with the EEC fostering and Co
some extent supporiing stroag iatra-turopean
co-vperation. Presentations on materials preparation
and characterizatios occupied slightly more than one
day of the worksnop, and applications Cthe second day
and evening. The lasc day's activities included two
invited talks describing tne status of imerican and
Japanese vork, and panel discussions on European
policy and rnitiatives.

Ine general response in most Eurogean cuuniries
to tne challenge presented by the new nigh [,
superconductors nas been €O organize interdisciplinary
grrups to provide a lacrge range of sample preparation
and cnaracterization techniques. Many members of
these groups have little previous experience in
superconductivity, their expertise being in metal
oxi1des, perovskites, and other relevant fields. Most
of the presentations of researcn results at the
workshop vere ia the form of posters, Cnere being
about 100 of these out of a total of adout
15V contributions. [a msny cases virtually identical
vork was presented independeatly by several groups,
witn myCually consistent resulcs. Trnere was no
representation from tne USSR, and almost none from
Eascern Europe.

ideal structuces

Tnere is nov general agreement on the structures
of the two classes of supercoaducting compounds
exemplified by n,uz_,cuok.y and
quCu;Og_y. naving transition temperatures T,
near 40 and 92 K respectivaly, The essentiai roles of
O content and Cu valency were demonstrated by many
groups, whicn described changes in particular
properties as samples undervent compositional and
structural cransitions between superconducting and
norasl pnases. Tnese transicions could be achieved
reversibly by annealing and cooling in O or inert gas
atmospheres. Details of temperature, pressure,
cooling schedule, etc. all sffected the ocutcome. In
the case of Y-ba-Cu-0, for example, appropriace
annealing in O yields tne black, sligntly O-deficient,
orthorhombic, mixed Cu valency superconducting phase.

Several presentations deslt with the location of
the 0 vacancies essantisl tc the superconductivity.
For nxample, F. Bsudelet and co-workers (LURE,
France), used extended X-ray absorption fine structure
(EXAFS) to determine the average distance and nusber
of nearest O neighbours for Y and Cu atows 1n
Y-pa-Cu-0. Measurements at the Y K-edge showed no
change with deoxidacion by srnealing in inerc gas
stmosphere. iHowever, the Cu K-~edge results indicac:d
s decrease in the number of surrounding O stoms. This
demonstrates that the superconductivity is associasCed
with the appearance of O vacancies in the basal planes
of tne structure, which contain squarce
planar-co-ordinated CU2* acoms. In these planes the
Cu and O atoms form cnhains along tne b-axis.
Compiemencsry results concerning the location and
ordering of O vacancies vere obtainad by electron
microscopy by M. Alario-Franco (Faculty of Cnemicsl
Sciences, Spsin) and others. In general, the
structures of tne idesl nigh To superconductors seem
to be reasonably well understood.

3y

Structure defects

A general theme perusating discessioa of mearly
all seaswred properties wvas the role of graia
boundaries, and the related provlies of tvinaing. Put
another way, cae ders whetner ts are
indacative of bulk or surface/intergraia effects.
Taat the composition, and tnerefore the structure of
the surface ard i1aterior of the grains diffeced
stroagly , vas demonstrated for Y-8a-Cu-0 by scamaiag
Mger electzon spectroscopy (AES) by R.O. Toivaanen
et al. (Helginky University, Fialaad). Clesn surfaces
were obLained by iom sputtering, scraping, Or breaking
in vacuum. Composilionsl maps Lor tne tour
coastituents mimicked some features of tae gramclar
topography, and saowed great irregularicy. Tae
altered “surface™ cospositiocas seem to extead numdreds
of mgstroms 1ato tne grains.

Yo one seems O have observed single crystals of
Y-33-Cu-0 free of twinaing. The twins appesr upoa
transition Lo the orthornombic structure.
Measurements in an eleciron microscope by R. Marezio
and his group at France's Mational Cencce for
Scientific Research indicated 3 twin size and
Tesultent domsins of order VU100 A. Heating 10
vacuua by means of tne electron beas used for rmaging
caused reduction of the sample and domsin wall
changes, indicating tne relation between O conrenc and
twinaing. The orthogonal orientations of square
rlansr Cu-0 units in aeighdouring domsins could be
observed in tne scanning electron microscopy (Nkm)
photos. A suggestion vas later made by 5. Amelinckx
(SCK/CEN, belgium) thst growtn under stress might
yield uatvinned single crystals. Thnis 1s imporcant
since Wwith tvinned samples, iavestigation of tne a/b
anisotropy in the bassl plane is difficule.

Many other classes of structural defect have Been
cbserved in othervise “good” crystalline regions of
samples. Sowe examples by b. Raveau (Universicy of
Caen, France) are: regions of order 100 A with larger
or smaller O coatent causing sl:ered structure
inclusion; sections of extcs planar units whicn cause
bending of rne surrounding plaaes; shifts of registry
of the Ls and ba, or Y and ba planes. Tnese shov up
clearly in SEM photos.

Finally, there vere many references to aging of
the msterials, even at 3UU K, due probably to changes
in O content and metal ioa migrstion. This seemed
particulariy serious in tne case of tnia films.

T>%NKkK

This subject was of major interest and coacern,
but the workshop produced no unambiguous evidence for
higher superconducting transition Lemperstures Chan
those slready known. A number of parcicipants
described observations of T.s in the range
100~-120 K, all in msterisis based on the Y~»a-Cu-0
systes, but the results vere erratic, usually sppeared
in multiphase ssmples, and could not be accribed o an
ide~-tifiable phsse. Among CLhese results,

Y, 2880 gCu0,., was reported by A, ArssCi et al.
(University Dip. Scienze Fisiche, ltsly) to lose its
resistance around 110 K with & relstively narrow
cransition width (for these meterials) of L K.
Sasmples showed s Meissner effect, specific heat
snomaly, and X-ray diffreccion peske wnich indexed to
s superposition of two different orthorhombic phases.
in & 'tudy which sttracted consideradle interest,

D. Djurex (University of Zsgred, Yugoslavia) found
that use of 8 pulsed slectric field in sample
prepsration sltered the resiscance vs. tempersture
curve, shifcang the onset of resistance loss o nigner
tempersture, and yielding structure in the curve st
actound 24U K. This work was sCill in 8 preliminery
stage and detsils vere sketchy. During hest
creatment, 10 mesec, 1-10 wact eleceric field pulses



were applied with & 10') duty cycle, to plates
pcessing on a Y-3a—Cu-0 charge in & capacitociike
configuration. The field strength was adjusted for
changes in ssmple resistivity in order to keep Che
pover appcoximitely coastant. Djurek suggested that
the eflect of the field mignt be to cause local hescting
at graia coacact, or to eshance icaic diffusioa.

Cn the subject of fluorine-substituted material
there vere several presentations aand commeats, but
much skepticise was expressed. Tne latzer vas based
on several uasuccessful sttempts to reproduce tne
results repocted earlier, on suspicion of comtact
eflects, and on the facts that the role of tae F, 1t
location in the uait cell, and appacenctly sven its
very presence in the material after processing, nare
yet to be established. HNevertheless, veperts of
tacreased T, after processing of Y-sa-Cu-0 vith
baFy 23 3 starting material, were presented. In
vhat appears to be the wost thorough study (tlou‘n
still incomplete)}, four samples with T¢ in che range
110-120 K vere obtained {I. Als-Nielsen, Haldor-Tipsoe
Researcn Laboratory, Densack). The samples had naccow
supercoaducting transitions and were clearly
sulcipnase; no Meissaer effect work had yet bexn
doae. It is still probably too early to form cefinite
conclusions regarding the effects of processing with
saFy. Finally ca this subject, reviews of vork in
the US (R.J. Cavas, sell Ladoratories) and Japsa
(H. Takagi, Tokyo University) provided no grouads foc
expecting I.s subscantially above thosz provided by
the Y-2a-Cu—O family in the immediste future.
However, tumours persisted. In Japan, where
apparently over 100 separate groups sre engaged in
researcn on hign T, materisls, tne latter st
referred to as USOs, or “uanidencified superconducting
ob jeces™.

Theory and superconductivity wmechanisms

Tne workshop tacluded very little tneorecical
discussion and no nev resuits in chis area. Most
theory Chus far seems concerned vith LabaCuQ, and
related materials. According to T.M. Rice (InM
Zuricn) this may in fact be the wore difficulc
material to deal wita, since ils ground scate appears
delicately balanced betwveen a large number of
possibilities - for example, metsllic, cnarge density
wave, and charge ordered, dimerized, ferroalectric and
anciferromagnetic insulator. However the theory for
tne Y-pa-Cu-0 compounds is said to be more
complicated. Tne relatively hign value and
tempersture dependence of the resistivicy and
non-Drude optical benaviour in cthe normsl stace of
La-8a-Cu-0 matersals are not typical of metsls, nence
the conclusion that s strong coupling interaction 1s
respoasible for bolh the superconducting and normal
properties. The model presented was essenCislly thac
of Anderson, but several other pcssibilities were
considered; cnhere is no resolution yec.
Experimentally the situscion is confused by tne
contradictory nature of the results so tar, some
inplying the need for strong phonon coupling and
athers its unimportance. For example, the wvell-
documented adbsence of an isotope effecc in LanaCuO;
(shown by R.J. Cava) leads either to the conclusion
that electron-phonon coupling is not responsible for
the superconductivity, Or [0 ingenious arguments tor
avoiding this conclusion. sut prelisinary vork from
Bell aow snhows a 25 per cent isotope effect for
Y-pa-Cu~0. Are che mechanises for superconductivity
in the tvo kaown classes of high T, macerisls
different?

In a racher curious tslk laced wicth references to
the designs of Mother Nature, C.F. Van Bruggen
(Groningen, Metnerlands) suggested tnat the classes of
materials under considerstion are in fact metastsble.

ladeed, the question of long—term scability i» crucisl
to applications but has ceceived lict!e atieat .om as
yet. Present samples ace seasitive to moistute and
wodest temperature - ..¢ and appear Lo age even wader
conttuv..~4 coaditions.

Applicacions

About oae third of the papers preseated ocally,
and 2 smmller perpoction of the postecs, vere
concerned with potemtial applications. Majoc empnasis
vas placed oa heavy i1mdustrial applicatieas, pernaps
reflecting one of the major sources of support for tne
worksnop. As 1t turaed out, coaceran for large-scale
secnanical sad electrical applicetions appescs Lo be
quite presature. Im the 3ROCE term, the nev nign-T;
materizls probably will nave wost impact om
electronics and, pernaps, magnets. The following
comments apply to supeccoaductors haviag T. around
U0 K, tnus requiring liquid mitrogen cooling.
Clesrly the advent of room temperature supecrconductors
would alter all of the vievs summarized nere.

In nis paper, F. Schauer (Instituie for Tecnmical
Paysics, Federal Bepublic of Cermsny) sa:d tnat lacge-
scale applicationas divide into three generasl
categories. First are systems requiring
superconductivity, such as fusiom reactors. For
tnese, the cryogenic portion of the cost is a small
fraction of tne totasl, sand a svitch to Liquid mitrogen
cooling would mot offec very significant cewacds.
Second sre applications in waich the coet of
cryogenics is 8 large fraction of the total cost (as,
for example, scientific imstrumsats, asgnets for
auclear magnetic resonance (WMR) scanning, aad
accelerator magnets. In this case the nev materisls
sigat effect a significant cost reduction, bul the
results wvould not oe revolutiocnary. Tnicd sre cases
wnere superconducting competes vilh monsupercomducting
technology, as for electrical power installatioans,
pover transsission lines, traasformers, and leviCated
tranaportation systems. Ia many cases, elaborate
studies have already been made for aspplicaticns
involving liquid helium cooling, sad some prototypes
nave been constructed. In gemersl it seems tnat
replacement of liquid neliue with aitrogen 1s not
cemarkably advsatageous. Usins frowm use of tne latter
might include, in addition to reduced construction and
operating costs, greater reliamdility snd simpler
design.

C. Benvenuti of the Europesn Organizacios for
Wclear Researcn (CERN) and H. Desportes, Saclay,
provided instructive exsmples by applicstions to
high-energy accelerators. In its upgradiag o YU CeV
the CEXN electron-positron collider will use
156 superconducting rf cavities for particle
acceleration. Trese vill provide aboul f{ive [1imes
grester efficiency tran the normal Cu cavities. The
superconducting iining of the cavities must nave &8
defecc-free surface, vithout grsauvisr structure, aad
i1ts properties must be stable sgsinst thermal cycling
and radiation demage. Similar considerations, and, in
addition, the question of critical current, [, are
celevant to the superconducting magnets used by
accelerstors;, tne 33C would use mure than 1L
magnecs .

Discussion of spplications elicited & Lisc of
required properCies as, for example, those cited by
G. Cobner (Siemens, Federsl Repudbli¢ of Cermeny).
These 1ncluded: [. wn tne renge 10°-10°,

Alca™%, structural rigidity, smsll bending redrus
(tor wire), eavironmentsl stavility (chermsl,
stmospharic, radistion), good surfaces, and sieple
fabricetion. Clearly, present materisls do aot
SpProsch these requirements’, Cne crucial question is
whether they csn do 8o with further deveiopsent.




The cepetition ¢f iadustrial interests prompled
an uascheduled coatridutioa by ©. Doaaldsoa
(Stcatacliyde University, UK) suggesting s vicn fiele
of "s=sll scale”™ elecironice applications. Tnese
tacluded circuit iatercunnects waich could be fast,
lossless, and dispersion-free, antenna structurzs of
lengen much smaller than the wavelengin for wnacn
resistive losser usualiv predominale, microvave
cavities £ac aign puwer aand nign Q operation,
sagnezically screene¢ spaces trom smsll equipment
enclosures to rooms and buildings, C.aever and
Joseprson Tunnel ‘uaction devices, SQIDS, and pernaps
computers. SQID fadrication and operation wai ia
tact descrited in several coatributicas C.E. Gugh
(taiversity of Birmingham, UK) ane C. Doaaldsecn,
(Scrazhclyde University). Results oa am wave
tunneling devices up to 590 Cliz were presented by
T. Claesos (Chnalmers lUniversity, Swsden). These used
E %and vaveguide. L.5%)-am cross sectioa, in which
az area in the brosd side vas replaced victn
Gd-da-Cu~0. Tnis was coatacted interaally by a
¥ wire or another high- Cemperature superconductor
ground and etched in HF to a poirt approximately
20 microas in diameter. Operation was at 4.2 X,
Tuanel ing characteristics vere obtained dut resulis
vere preliminary; wupon thermal cycling it vas tound
necessacy o remake comtacks.

A general view vas expcessed that, as the
aaterials ieproved vith further research, many new
spplications would appear.

wires

A number of presentations (for example, those by
R. Flukiger [Inscitute for Tecnaical Paysics, Federal
Repunlic of Germany] and P. Dubots [Laboratoire de
Marcoussis CRCSE, Fraace]) deslt vith supercoaducting
"wires”, batn single strand 3ad asltifilament. The
only successful method thus far entails compaction of
superconducting powder iaside Ag tubes followed by
draving out and anaealing in O atmosphere. The latter
can be provided oy inclusion of a substance which
releases O upon heating, or by using & tube which is
both O-permeable aad O-resistanc and hesting ia an
excernasl O atmosphere. Results sees scattered;
nevertneless, 8 wire vhich yields [, of about W
Alcm™? ac 77 X was described. Problems include
0O-loss, formstion of amorphous material, lovered
density of superconducting phase, and thick
amsuperconducting outer layers on the grains.
the properties ot the materiasls are strongly
anisotropic, s method for aligning the grains o yield
a common crystaliine orientation would be useful.

Since

Susmary

A panel discussion following the technical
presentstions vas conceraed vith svemmriziag progress
to date, and considered shori- snd long-range goals,
and the role of the EEC in aurcuriag the European
effort. It was generslly agreed that research in the
following sress was essentisl: crue single crystal
preparation and analysis, sicrostructure and texture
characterization, role of grain boundaries, mechanicsl
propercies, stability and aging, understanding
superconductivily mechanises, chemistry, and phase
diagrams with 8 viev tovards finding other families of
macecials vicn possibly more sccractive properiies.
Progress is needed in the growth of films, wnich so
far seem to exhidbit inferior properties (e.g.. lover
T.s, brosder superconducting traasitions, and
inscability). [Interface reactions will be critical,
in viev of the intimsce contacc between film and
substrste, vire filaments and sheath, snd
superconducting and insuleting or mtallic layers.
Interfaces =ay be Croublesome, in view of the high O
and mecal stom modbilities and resctivicy., In

&t

particular, the mature of supercoaductor/sorwsl-metal
contacts has 80t received attention, experiments cely
enclusively or comductiag pain: and epoxy or la soldec
for coatacts, waicn display Righ Tesistance and age
oadly. Obraining high valwes for I, and the upper
critical field Mgy, good mecmanical properties and
stability are cleacly essential for successful
applications.

Regacrding EEC policy, amcag tae actions suggested
were sid to intercommunication, data banks, unfettered
support for basic cesearen, imcressed accessidility of
=3 jor test and research (acilities, and trainisg
prograsmes. (Source: European Science Notes,

21 July 1987)

(¢} lndia

Ladia plans top-level spending on supercoaductor
tesearch

India's prime minister, Rajiv Caadni, has set up
s Cadinet-level committee under Ris own chairmsaship
to promote research related to ceramic
superconductivity. This development is 2 measure of
India's confidence that its reseacrchers have muca to
contridute to (snd chat India stands to gain sometning
from) the internstional excitemeat over Che nev
phenomenocn.

The members of the nev panel include the
siniscters of science, [inaace saad humam rescurce
development, the cabinet 8ad finance secretaries and
the heads of the science sgencies supportiag research
cn superconductivity. The committee's members also
include Professor M.G.K. Menon, Candni’s science
adviser, Professor Yasn Pal, chairman of the
University Grants Comsission, snd four prominent
industrisliscs.

Dr. Vasaat Govariker, secratary of the DeparCment
of Science and Tecnaology (DST), a member of the
panel, says that the formmtion of the panel under the
prime sinisCer 18 & sign of the governwent's
commitment to research ia superconductivity. Caadhi
his also sec up a Programme Manigement Body under
Prifessue C.H.1. Rao, the director of tne Indian
Institute of Science and Technology at Bangalore and
cnairman of che government's science advisory
committee, to co-ordinate fesearch at governmeat and
iadustrial lsborstcries. This dody will have the
executive power sad financisl auscle Lo pursue the
project to its ultimste goal. CGCowariker says Ciat Cthe
equivalent of several sillion doilars has been
allocated to the co-ordinated programme.

Seven lndisn research groups sre eagsged 1n
superconductivity resesrch: tne Iadisn Institute of
Science (sangslore), thne Tats Inscitute of Fundssentsl
Resesrch (Bomday), tne Bhabhs Atomic Resestch Centre
(Trombay), the Madras Ladiun Institute of Techaoology,
the ladira Gandri Centre for Atomic Research (slso st
Madres), the Mational Physical Lasboratory (Mew Delhi)
and the Mstional Cnemical Laboratory (Pune). Esch of
these laboratories clsims to have produced cerassic
sacerial superconducting up to 120 X, and the National
Physical Laboratory claimed room-cermperature
superconductivity just a veek ago.

Despite excitement sbuout the potentisl of the
field, Gandni'e panel vill have to calk tough to make
the groups vork togetner. The DST, referriang to the
"varying levels of accomplishment™ st the different
laboratories, says that these efforcs "Will come to
nothing™ unless there is & purposeful direction and o
pooling of calent. {Reprinced by permission from
Nature, Vol. 327, Copyright (c) 1987, Macmillen

Journals Limited) e e e s s




High ctemperature supercoaductocs -
Can they affect India's energy sectar?

Tne Nobel Prize for pnysics for this year is
avarded focr observing supercoaductivity inm oxides at
the comparatively high temperature of -238° C. Thnis
began the cace for syntnesis of aev cersmic materials
that shov supercoaductivity (SC) at scill higher
tesperactures reaching up to -175° C. A spate of
teticles have sppeared in the sedia coataining nearly
the same scanty facts (some distorted ones), the same
pictutes and the same diagrams. The comdination of
two uausual propercies, anasely zero electrical
resistance oand the possibility to sustain stromg
magnetic fields which are seversl times larger tnan
tnose produced by coaventional materisls is wnac makes
the superconductors promising to open up entirely nev
possibilities. Zero electrical resistance has the
odvious meaning of flow of electricity without
tosses. Stroag magnetic fields provide applications
in research for high energy paysics, for magnetic
levictation as also for reducing size of paver
geaecrators, etc. Together, these tvo provide scope
for storage of electricity.

¥o wvoander, since 1913, there have been five Nodbel
Prizes avarded in this area of research - the earlier
four involving the lov—tempersture superconductors
(LTSCs) at around -269° C.

The revival of interest in che SCs is because the
nigh-temperature supecconduceors (HISCs) could work
with liquid aicrogen as coolant which is 30 times
cheape: than liquid nelium used earlier, considering
the differences in price and cooling efficiencies.
Very recently, room temperature superconductors
(RTSCs) have a2lso been reported to exist, but they are
not yet stable enough and serious doubts persist about
the reliability of chese results. While some of the
micro-level applicacions 1n medicine, defence,
computer chips aad sO on may be relatively easier to
introduce due to comparatively fewer technological
hurdles and the secondary importance of cost
constraints, it is possible that chese spplicatioas
may remsin only specislized applications zad may not
penetrate society on & large scale. If, nowever, some
of the envisaged applicatioas in the energy and
transport sector are successful, it could result in
tevards of megsbucks and bring revolutionary chenges
in society.

In Indis, Rs.35,000 crores are expected to be
invested in tne pover sector during the seventh plan
petiod alone. Due to the long gestation periods and
neavy investments involved in the pover sector,
indicative (not definicive) plans sre slready
available till 2005, Tnese periods sre long enough to
cealize some of the potentisl of the HISC
spplications. Our electricity production increases by
8 per cent every year and yet there are persisting
shorcages. TIhis growth, compounded by the
cost-escalakions in the pover sector, consumes
20 per cent of five-yesr plan resources. Although the
impscts of the HISCs msy be only marginal by the year
2000, they could signal & msjor change that may come
to stay.

It is not generally realized chat vork on the
spplications of the LTSCs dates as far back as the
mid-sixties. Coanceptusl designs, feasibility studies
and details of prototypes of magnets, electricity
storage devices, pover genarstors, transmission
cables, motors, etc., vere developed in nearly
50 laborscories and industries around the wvorld,
Tnus, it is not reslly premsture to think sbout the
importance of tnhese spplications for India, now that
the HT5Cs are fesasidble. ODue to higner temperature,
refrigersation requirements are reduced. In some

cases, capital costs of iasulatioca, etc., could be
reduced by 50 per cent and the operating costs of
refrigeration systems could be reduced aearly
tenfold. Therefore, all the carly developments .f the
LTSCs may require 3 fresh look. Byt here, we snall
restrict ourselves to four ma jor applications in tae
energy sector for cthe UTSCs.

Power eration: Since supercoaducting
materials can sustzin magneCic fields several times
larger than conventional materials, a possible
spplication 1a pover generators would be to iacrease
tne capacity of generatioa of & given size or to
reduce the size for & given capacity. Analysis bases
oa LTSCs suggest that the break-even unit size
required is 500 megavacts (M4). [a lodua, 1a
conventional pover plants, ve have the capacity to
nake oaly 220 MW generating units. Generatoxrs of
500 MW unit size have just made an eitry in lndia
whereas unit sizes of 1,000 M and more have been 1n
existence abrosd for nearly tvo decades. The emphasis
of the development efforts for pover generators using
SCs until present is on getting wore power from the
same size generator, say 1,200 M from a 500 MW size
rather than on reducing the size of a 500 MW
generator. The advantage in generating efficiency due
to 35Cs is not reported to be significsnt but due tc 8
nearly 50 per cent reduction in size, tnere are a
aumber of cost advantsges such as reduction in
foundation costs, in transport costs, in crane sixe
for handling, and ia costs of facility for on-site
Tepsirs and maintensnce as slso in the casCiag and
fabrication equipment in the generstor manufacturing
plants.

One of the Planning Commission reports on pover
sector in India till year 2005, expects nesrly 3 per
cent of capacity from 500 MW uaits and 6 wnits of
800 HW size. [f one could get higher, say 50U nw
pover using all che existiag infrastructure of
manu facCuring 220 MW units size, our sbility to expand
pover capscity coulu increase subscantially. Finaslly,
the HTSC technology will be of even greater interest
if Indis goes for larger unit sizes of say 800 co
1,000 i, To reach out to the next unit size 18
certainly desirable considering our plans for cthe
expsnsion of grids.

Traospisgion lines: Due to the zero resistance

property of 5Cs, this application Is wmentioned most
often but seems to be the least relevanc for Iadia.
The often—~cited transmission and distribution losses
of 25 per cent actually include thefts, losses on
account of rural electrification and energization of
far-avay agricultural pumps etc. Obviously, cthese
distribuction lLosses could not be prevented by using
SCs for transmission lines. The transmission
tecnaology using SCs, envisages underground cables
which are rare in Indis due to their high costs.
India has only 5,000 k= of underground vs 3 siilion
circuit km of overhead lines. Therefore, as s
possible application one could only think of bulk
transwission 1.e. from pover plants Lo msjor consuming
centres. Transmisrion losses for such bulk
cranssission are scound 3 per cenc to 7 per ceat st
present. In future, one may think of large nuclesr,
hydro or solar power plents far sway froe consumption
centres. However, in this case, the superconducting
transmission cables will nave to be stadle and
ctelisble enough to cope vith different terrains and
climaces. [In addition fo high initisl costs, to
maintain refrigeration aslong lLines extending nundreds
of kilometres vill require electricity. 1If is yet to
be seen 1! the net loss of eleccricity is larger or
smaller than 1a conventional high voltage Ccansmission
lines. Tnerefore, until the RTSCs are svailable, 2t
is difficult to foresee tnis application in [ndis.
Moreover, this technology vill have to compete witn
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the currently available high veltage DC transmission
technology wircn can also tramsmi. power over lomg
distances vitn dverhead rather than yadergrouad
teansmission lines.

ln addition, the difficulties of maiataiming
aignly seasitive transmission lines vulnecsdle to
mtaute temperature variations and vibcatioas makes
this application fficult to develop.

Stocrage of elec.cicity: Lf off-peak

electricity could be stoced and delivered at peak
times, 2 smaller generating capacitly could be required
and thermal efficiencies of geaeraiion could also be
increased due to moce unifore operatiag coaditions.
Bechtel Corporacion of the USA has already
demonstrated storage of 5,000 WM of electricity waich
could be delivered at 1,000 M at sccepcadle costs
even vitn the LISCs. It could be even cheaper and
Less cumbersome vith the HTSCs. MHovever, im ladis,
oace the scope of asing nydro-electric plants for
peaking is fully exploited, we do not have that auch
exCca generaling capacity whica leads to substCaatial
differences betveen peak and off-peak electricity tnat
could be stored and off-loaded. Even them, tne
economics of scorage of electricity may be still woren
iavestigating assuming differeant operating
cequictements for the next twvo decades. Yet storage of
electricity, aot for tne pover plant msnagers, dbut for
the users is a different macter altogether. This
vould include small stocage devices for hospitals,
computers and perhaps even cars and trucks. The
values of stored energy per gram of dry cell, crude
oil and lead batteries are 48, 57, 52 xilojoules
respectively wheress the LTSC macerials could store
enecgy from 200 to 1,000 kilojoules. In additioam, it
could provide nigh-pulse peak pover required for
specific spplications sucn as in defeace, tramsport,
etc. Thus, by providing high density decencralised
energy sources vitn relatively longer lifetimes, a
large nuwber of options arise, extendiag tne SC
applications from only the conventional pover sector
to a3 wider range of possibilities; namely, oil-
substitutions, renevable energy options of solsr,
vind, and so on. However, techanical snags such as
stabilicy from vibratioas, Cemperature fluctustioas,
and mechanical stresses as well as cost barriers need
to be overcome.

D C mtors: Tnis again is not a supply-side
tecnnology but a "demand-side” technology i.e., the
actual users will have them rather thaa the electric
ucilities. Demonstrstioas have clready been made of
20,000 H? mocors. Im India, 60 per cent of the totsl
pover generated 1s used in industries, of whicn 80 per
cent is used by motors of different kinds. SC motors
could lead to substantisl conservation of electricity
and power.

The conclusion chst emerges is Tthat, under he
conditions in ladis, applications for storage sna OC
wIors are as relevant as, if noC more than, pover
gjeneracion. These vwill requice spresd of
technological competence to many large and middle-
level manufacturers. The least relevant application
may be for transmission.

Tne messsge that comes accoss for resasrch and
development prioricies from this asnalysis is that for
success ful applicacions of magnetic properties of the
SCs sre ss importsnt ss zero rasistsnce. This
translates into & gosl of materials with nigh electric
curcent densities wnich can generate Righ msghetic
fields. Thus, there sre seversl charactaristics
tequited for successful spplications. The LTSCs went
through & prolonged developsent phase in wnich gains
vere schieved in reproductibility, sctebility over Cime
and cemperature, ductility (i.e. sbilicy to draw vire

frem materisls) sad Righ cerreat densitieas (LU0 times
nigner thas what is availedle wita the NTSCs ac
present) resultiag im high magnecic sides. Ia tne
coaing decade, the MISC materisls, wmmica are berttle
<eramics would Rave to go tacewgh & similac
development phase that the LISCs weat tarowyn watil
aow.

In [edis, while we Rave advanced veseacch
westitutes sucn as the Tata [astitete of Fundasemcal
Reseaccn (TIFR), che Basbas Atomic Reseaccn Ceantre
WARC), the Ladisa Imscitute of Sciemce (1iSc), tme
National Maysical Laboratocy (MPL), etc. wmich are
engaged ia research to develop MISCs, coumterparts of
large cocrpocations such as [aM, sell Labocatocies,
bechtel, Genersl Electric or Westinghouse wockiag ea
cthe development of spplications froe commercisl amd
industrial amgles are missing. Even if our sciemtists
wers to 0 pate-breskiag Tesesrch, it would mot wove
Indias towards applications by aa iach. Umen snd where
wili ve fiad councerparcs om tne application sides
that could wse the mev matecials and ideas emmcging
from our cesearch lsboratocies? They Rave much to do
and follow up if they are to be ceady to taxe
advactage of these exciting developments wmich could,
by the turn of the centur;, alter the course of
development of not ouly the power sector but many
other sectors besides. (Thrs article, writtea by
Jyoci K. Pacikh, vas puplished in Indian Express on
27 Ociober 1987.)

5. POSSIBLE APPLICATIONS

Superconductor applicstions sougnt

I. Eaergy scorage

As tesesrchers are discovering nev revolutiouary
properties ia recently developed Righ-cemperature
superconductors, appliciiion resesrcn for thes: nev
materisls 1s gaiaing momencum. Ont such researcn
effort is directed st the development of s tecnnology
to store a massive quancity of energy using s
supsrconductor. Here is an iatroduction to possible
developments 1n the future.

Feasibility studies for commercisl superconductor
technology for energy storage vere conducted dy the
Mev Energy Development Orgsaization (MEDO) sad tne
Engineering Advancement Associsation of Japan fros 198
to 1987. Tne studies were continued st the
Assaciation for Researcn of Superconducting Magetic
Energy Storage (chairmma, Takashi Mukobo) founded in
May 1936, The findings report that such tecnnology
can be achieved 2C 80 econowic coet by about Che yssr
2000. Tne report slso presents s scensris for
resesreh asad davelopment activiCies.

In the mesn time, rapid developments 1n the
supecconductor tield that have been taring plece since
late last year are sffecting the original course of
research sad development. L[t turas out Chat the nevly
discovered supsrconuucting substances offer superior
cost effectiveness as vell ss s better chence of
schieving the stotage techaology.

It is not exsggerating Loo much to say thst Che
discovery of nigh-tesperature superconductors is one
of the most significent scientific discoveries made 1
this century. It is certain that the sdvanced
superconductor vill sffect the industry just as the
transi1stor did wnen it replaced the vacuum tube. Tne
supsrconductor industry should grov in the sems vay ss




the transistoc iadestey did. Neanwnile, the recemt
di1scuvery of these materials is promptiag reassessment
of Technology for supecconducting magrelic emecgy
storage.

Wen 2 cercain wmeterial is cooled belaw a
ccitical tempecature, it suddenly loses its electrical
tesistaace. This pnenomenon is called
supercoaductivity. Since a supercomduscting circeit
nas zero electrical resistamce, a curreat gace drawm
1ate 1t wikl never suffer a loss, and hence, circulate
persanently. SMES cakes advantage of this electrical
Denaviour.

Ia its pcimacy use, SMES will be replacing
existiag pump generater facilities; it stoces excess
power, availavle ducing the late mignt, as perpectual
cutrent and supplies it back duriag tne daytime peak
aocuts. Wnile a typical pump gemerator has an
operation efficiency of 65 o 70 per ceat, SMES is
expected to deliver an efficiency of more taan
90 per <eat since the storing and generating of powver
i> accomplished by direct coaversion from electrical
energy to magneCic energy o vice verss.

Wnat would & commercial SMES facility that could
ceplace an existing pump generstor lock like?

Ia & 3MES planc, the superconducting msgnets
messure 3bout 400 metres in diamrter, aad are buried
vitn tne liquid nelium containers ot an uadergroumd
deptn of about 150 metres withia the bedrocx. The
nelivm container vill be designed around the priaciple
of a thermos where a vacuum space 1s provided for heat
insulacion. The magnets vill generate 3 maxisum
intensity of 70,000 gauss - compase CRis to the
saximus field inCensity of 20,000 gauss by tne current
best steel electromagnet. wecause of its adality to
witustsnd this enormously intense magnetic field and
its Rign cost effectiveness, a natural bedrock
formation was picked ss the place cto install che
magnets.

So far, only Japaa and the United States nave
conducted assessment on this type of SMES - SMES
designed for commercial use. In Japem, it wvas
conducted by the Associacion for Research of
Superconducting Magnetic Energy SCorage while the
University of Wisconsin sad Bechtel have been engaged
in such studies ia the United Scastes. Accordiag to
these research iastitutions, "We either poesess or caa
achieve in time a sufficient engineering lavel for
eacn technological step necessary for the construction
and operation of sucn a facilicy”.

[t is estimsted That the construction of a
commeccial-size SMES wnould cost 290 billion yen, about
190 dillion yen 10 direck expenses snd LUV dillion yen
in indirect and prepsration expenses. Tnas
corresponds to 8 unit price per kilowact of
290,000 yen. Compare CLiis to )10,000 yen for suclesr
pover, 170,000 yen for oil power, and 250,000 yen for
a pump generacor.

The Japanese and American sCudies Rave concluded
cnat wvith its outstanding efficiency snd adility to
instantaneously switcnh betveen the pover genersfing
and storing modes, SMES can de competitive in terms of
cost effectiveness, even at the preseant technological
tevel.

Some prodvlems do exist, nowever. The biggest
problem desis with helium that is used to refrigecate
tne superconductors, hovever, this probles 18 not
restricted Co SMES as all superconductor-related
technologies require helium.

Helium is collected mixed with natural gas, asnd
only natursl gas with a helium content of 0.3 per cent
or more can be used because of its cost
effectiveness. Since vells . f such natural gas exisc
msinly in che United Staces, and Japen nas fev nelium

wells, the nelive wsed 1a Japes Ras Deen impocied
frem tne United States. Llm 13, wien the Americans
swddealy annownced a dig price hike oa heliva for
expoc?, the Japenese supply of nelium was devastated.
So, helivm has deen .1 Acailles’ Beel for all
supercendyctor-telated ficlds, SHES deing oane of
thes.

The race vhich started late last year to discover
3 seperconductor Witn a higaer critical temperature
nas been exmilacatiag indess, a3 newvspaper neadlines
nave been lavishly ctepocting Zhe disceveries just
made. UNouw, substances tnal become supercoaduclive
even at nitrogen's liquifying Zemperatuse are beimg
daveloped.

The sse of such a superconducler ia SMES wowld
bring shout the fellowiug advantages. The previous
SHES® sterage efficiency of Y0 per cent could be
caised to 95 per cent. Taere woulid e no seed foc
heliva. A less ianvolved scheme [or heat imseulatica
could be adopted, resulting in a reducCiom of up Co
30 par ceat of the comstructioa cost. Suca sn
aevanced supercoaductoc would have esoce stable
characteristics tham conveational swpercondcctors.

If commercisl cables emde of such an sévanced
suparcondictor San de P 4, mnd adopted 1n Ine
SHES design, the coastructioa coet will go dowm by
30 per cent. The sait cost per kilewatt will them be
200,00V yen, cheaper CRon CTRe cowventional pump
generator. SMES will be s visble choice to replace
dsms used te store electrical power 1f mot for dams
for vacer supply, since it does not dsmags the
environment .

Comparison of lov temperature states

Celsius Absolute
degrees  temperature (K)

Ocy 1ce <78.5 19%.5
Liquid nitrogen ~19 7
Liquid nydrogen -253 Fiy
Liquid nelium -209 LY
Absolucte zero -273 [}

As foc the cost, the sbovemenlioned assessment
studies cite ar sdvamtage 1a duilding a3 large-scale
facility for SMES as opposed to & compact one since
the iatter cannct be made ecomomically. But, givem
the reduction in construction cost, ssde possible by
use of an sdvanced supercomductor, it may vell decome
fessible in the not-too-distant fulure to build &
compact power storage umit for a corporation, if not
for & private home, and Lo install such units around
the metropolis. (Source: MIKKEL SANCYO SHIMsUM,

3 Apeil 1987)

2. Pover generator

RITI's Agency of Industrial Science snd
Technoicgy has compiled an official sssessment for
lasuncning s goverament project to develop
superconduclor pover generstors which sre expected to
play a key role in the future energy-saviang
tecnaology. An Assessment Committee (cnsirman, Tokye
University’s Professor-Lueritus Noboru Ysmamura) was
formed vitn experts from indusccy, scademis md
government for the task. Tne major recommendstions
for the projecc are: (1) to escadlisn as soon s
possible the technology for msking superconducting
vires, which 13 to be :mplemented on 2 commercial
basis some time in tne LYWs, (2) to davelop and Cest
axperimantal models with an output capacity of
70,000 kilowscts and 2VUU 000 kilowstcs, and (3) to
form a dedicsted organizstion vilh experts frow
relsced manufscturers. The projected total fuading
ronges from 20 to 25 billion yen. NITL beiisves that
establishing s firm footnold in thie fi1eld would
prompt & tremsndous number of sctivities in Che
development of applicacions.




Tais peoject is part of the Moocalight Project,
wnict is cargeted at developing energy-saving
techaologies, and has been studied by Che Assessment
Committee since 1985. Takiag into account tne
tecently inteasifying race to discover advanced
supercundeccors, AITL's ageacy rushed the pcogramme
assessment thal wee bDased on the coemitiee’s findings.

la addrtion to the early estadblisnment of
praoduction technology for supercoaductiag wires, the
assessment calis for zarly establisnment of tne design
aad selection of saterials for che rotor sad armsture
(scator). BRegatding the selection of supercomducting
sagecials, MITL odsecves that the existing oxide
substances are oot good encugh as they suffer a loss
in efficiency vhen the cutcent density is iaccessed,
and so, new alloys with sdvaaced properties aeed Lo be
developed. As for the developmenat of the roteor, MITI
sees tRat a spectal structure and magecial are needed
o Jaem up with a fotof chat, when fua 8L high
rotational speeds, retains iCs stability ia
cnacacceristic and stays ot 3 specified low
Cemperature.

As for tne cost - calculatioas are dased oa tne
use of aiobium and citanium alloy - it was learned
that tne larger cthe facility becomes the lover thne
¢ost will be and that a geanerator capsble of a
WI,0 xilowstt cutput caa beat a similar
conventional machine. According to MITI, the svitch
to 3 superconductor generator in the | mllion
kilovatt class would save about 700 million yen
aanually, or sbout 10 per cent of che current cost,
and i1t would be possible to gain a drsmstically sharp
drop in Cthe cosC as more advanced substances are being
developed. (Source: BIKKE[ SAMGYO SHINBUM,

8 Apcil 1937) e e v

3. Yev Josepnsoa junctioe device

Kippon Electric Company (MEC) d that 1t
nas developed the world's firsc Josephson jumction (JJ)
device tnat can operate at up to 90 Kelvin, a value
nigner than the nitrogen liquifyirg Cempersture. MEC
cesesrcners aot saly found the superconductivity of a
fired oxide alloy made of yttrium, barium and copper,
Sut they 3lso produced an experimental juaction device
5y joining the cleansed surfaces of two such fired
uxides. when tney Cested Che device for the Josephson
effect, they observed that the effect was maintained
almost up to the substance's critical temperature of 9°
Kelvin). Tne coaventional JJ devices vork only at the
nelius liguifying tempersture, whereas MEC's
exper.mental device can ooerate even st Che aitrogen
liguifying temperature. Thus, MEC has paved the vay Co
development of future supercomputers that incorporate
Josephson junctions. MEC will be pushing the
development of techowology for producing tnin-film
onides and the development of materisls to be used for
large-current applications. NEC speculates tnst such
efforc could lead to & dream super-fast svitching
device tnat can svitch as fast as 10 cimes Cthe speed
of s conventional JJ device.

Targeting the developuent of a next-generstion
supercosputer, NEC has been pouring its research
effort inco the search for JJ devices that serve ss
the fast switching devices used in such a computer.
AC the onsec of the research, NEC resesrchers vere
using metal materiasls masde of niobium and lead to
develap JJ vevices. Bl since those materisls vorked
only belov the helium liquifying temperature, they nad
to face the problems of conducting research into tne
eflects of neliuw and cost performance. Thus, rather
than attacking those problems, they initiaCed resesrcn
to develop sdvanced superconductors and produce
switcning davices that can funccion aC sboul Che
nitrogen lijuifying Cempersture - 70° Kelvin or more.

&5

Recogaizing taat perovskite oxides cam make
Superconductors, the restirchers developed s tecmaique
to syathesize a siagle-prase oxide of ytorium, bacive
and copper. MNeasuremeat of tme electrical resistaace
revealed that the experimeatsl oxide thus symthesized
nsd zerc resistance to W Kelvam. Also, 1T was
verified that wvaen swb jected o the mzasuremsat four
the Meissaer effect, every bit of tne substaace
benaved as 2 swpercoaductor at the liquifyimg
temsperature for mitrogea.

further, through the coantinued effort to devise a
structure for a Josepnsom juaction, MEC researinecs
succeeded in developing an experimencsl JJ device
whicn exnibited the Josephson effect even at up to
90° Kelvin, a value very close Co the substance's
critical temperature.

The followiag poiats regarding the Josephson
effect were verified of MEC's J) device: (1) The DC
Josephson effect; voltage versus curreat
weasurements, tsken ou the direct cutreat at the
Junction, shoved tefo resistance for the rasge of
curcent from tero to the critical current level, and
snowed a certain resistance sbove this leve:. (2) Tne
AC Josephson effect is observed by measuring the
voltage and current whiile shootiag the junction wigh
3 o 12 giga-herts microwaves; Che seasurements
verified that the frequency of the microwgve is
directly proportional to the voltage step and tnst tne
propoctionality is goversed by twe relation, n/le,
where b represents Planck’s coastant and ¢ is the
electron charge. (J) The tumneling effezt due to
¢lectron pairs, sustained as the tempersture vas
varied from aa extrems lov - neliua liquifaction
temperature - to 90° Kelvin.

La otder to achieve fast svilching devices, MEC
QoW Nas Lo Overcome some prodblems scanding 10 Che
vay; Che developmeat of tecnnology for producing
thia-fila junctions and producing subscances that
can vithstand a3 large curremc, as well 2s the
develop of nigh-iategration logy. mut
BEC's recent schievement with its experimeatsl JJ
device, verified as operatiag at the liquifying
temperature for nitrogsn, suggests that the
aext-generation supercomputer vill be nere sooner thaa

expected before. (Source: Kagaku Kogyo Mippo,
27 April 1987)

L Pecmsnent electtic current

Firuxava Electric Industry sanouaced that 1t has
developed a high-tempersture superconducting ring aade
of sa ytetrium, barium and copper oxide (Y-pa-Cu-0).
Furukawa reseacchers veritied the Meissaer effect in
the ring and succeeded in activsting Cheir
perssnent-current riag - tne vorld'‘s ficet successful
operation of such 8 Y-8a-Cu-0 ring. Furukava's
Superconductor Ras & crifical temperature of
90" Kelvin sad achisves a criticsl curreac density of
150 amps per squsre mstre st 77° Kelvia. Tnis vas tne
first ring-shaped magnet that incorporates the
permsaent-cucrent system. It 1s speculated Chat
Furukava's achievement vill prompc RAD effort ia
supsrconductor spplication fields.

Turukavs's supsrcomducting ring that mssssures
& centimstres in its inner dismeter incorporstes the
permanent-current systen. There are two sysiems
available in designing s superconducting magnec:. s
system wnere the current is inpul into the
superconducting ¢coil from an externsl source, and the
permsnent-current systesn. The permsaent-curcent
mecnod makes it possible for engineers o design vith
relatively simple circuitry a magnet that generstes »
nighly stabi2 field. Such magnecs are in use tor MRI
and MR insCrumsnts.




The company 1s planaiag msore researchn Lo raise
the curcenc deasity of 1ts superconductor and push
commercialization of the wagnec. (Source: Kagaku
Sogro Bippo. IZ Apcil L987)
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3. Discrete components

While research activities are picking up ia the
field of devices that utilize a chin-€ils
supeccoaductor, researchers at Sippon Telephone and
Telegrapn (MTT) verified che ability of s
supercoeaducting thin file to respond to infrared with
a hundred or more times the sensitivity of a
conventionsl wnfrared semsoc material. WIT's wock
folloved the verification at IsM's Watson Researcn
Ceantre, of the SQID (curremt, voltage) effect. The
age of application devices that use a supetcoaductiang
material nas indeed srrived. It is generslly agreed
that the application of a tnin film superconductor is
tacgeted for development of Josapnson junction (JJ)
iCs. bwut 1T is speculated that, in Che mean Cime, The
tecnnology for discrete semiconductor components that
tncorporate 8 superconductor will reach a commercially
applicable level within 3 or & years siace such
components require less involved processing compsred
to JJiCs.

Experimental superconducCing thin films made of a
lanthanum, barium and copper oxide (La-pa-Cu-0) are
being produced using the flux or eslectron~beam vagpour
deposition technique at Matsusnita Eleceric, NTT, Isnt
and Mippon Electric.

At Is¥, cesearchers formed 32 La-sa-Cu-Q thin
film vith che electron-besm vapour deposition and
verified ics SQLD effect, thus opening the possibilicy
of using the thin film as & sensor device for
detectiag voltage and current. So far, the
eleccronics field nas been unable to offer o
volCometer with 2 comparable extreme accuracy.
Industry experts se¢ tnat since tne use of &
superconductor could make it possidble to achieve s
very precise messurement of voltage, manufacturers
vould be first in developing the supercoaducting
semiconductor technology that incorporaies this
voltage-sensitivity advantage.

Following [aM's success, NIT researchers grev an
La~8a-Cu-0 ckin film vith the flux method. Trey found
out that compsred to an existing infrared sensing
materisl such as mercury-csdmium-tellurius, the thin
film possesses 8 hign sensitivity to infrared, whicn
1$ as wuch as 3 hundred or more times grester than the
former material’s.

The refrigeracion of a high-temperatuse
superconductor can be dcae vwith liquid aeon or liquid
aitrogen, snd 30 the cost for it wvould be low. The
advent of nign-temperature supsrconductors, therefore,
as seen 1n the sbove examples, s aev prompting
efforcs to develop superconducling sensors which used
to be impossible Lo creace.

In developing JJICs, semiconductor manufscturers
vill have to solve aumerous problems in integration
technology, tne schievement of relisdility and tne
device-processing techniques. On the other hand,
sincs discrete components require less complex
production processing, manufscturers should be able ¢
commercialize such componeats in 8 Cime much shorter

tnan tnat for JJICs. (Source: Kagaku Xogyo Wippo,
27 April 1987)

Superconduccor spplications updated

i. Eleccromagnetically propelled bosc

The srrival of nev superconducting meterisls has
led 2o & surge in interest in the development of
suoerconduccivity-dased ship propulsion, Sucn »
propulsion systee, not requiring the use of either an

engine ot screws, could produce shipe that are free of
moise aad vidbratioa. It 13 & dresm techmolegy with a
potential to bring about super-fast bosts cravelling
over "I100 kaots, at least as a watter of theocetical
possibility™, according to Yoshiro Saji, a prefessoc
st tme Kobe University of Mercantile Marise. Alcrougn
the techaology is still fraught with msay earesolved
1ssues, Japan is coasidered most advaacsd im tnis l:inme
af reseacch. The folloving describes the curreat
stacus of resesrch aad development in
superconductivity ship propulsioca.

"Since the development of new sepercoaducting
saterials, ve have been iaundated wilh Layguiries doln
from vithia Japan sad from adbroad,” says Japen
Snipbuilding Promntion Corporation, 1a charge of
development of supercosductivity-dased ship propulsion
systems, wno is busy ansveriag questions.

Until now supsrcoaducting magnets could be
produced oaly at ligquid neliua Cemperatures (-20¥°C).
Mow, there is a possibility that they mignt be
realized at lLiquid nitrogen temperatures (-1%7C).
Civen that nitrogen is much cheaper snd much mote
teadily available than neliva, tnis is a significanc
develogment indesd.

The Japsn Shipbuilding Promotion Cotporation
(ISPC) eateblished s “Suparcoaducting Electromsgnetic
Ship Propulsion Research sad Development Committee™ 1n
1985, marking the begioning of full-fledged reseacch
efforts by the corporatiou in this field.

Tne commitiee agends calls for expecimentsl
constr,ction of a ship 25 mectres long aad LYW ctoas in
total displacement by 199U, to conduct open ses
asvigational experimencs. The & co 5 billion yen
total cevelopmencal cost will be funded dy o
grank-in-uid frow tne Japan Shipbuildiag industry
Fouadation.

The superconducting magnets thst are being
coasiderzd by tne JSPC for potential use ace ail based
on existing metsllic d supercoaducting
materials, as would De expected.

The experimental ship, vhose main features are Co
be drawn up by the end of this year, vill be carrying
superconducting magnets made of such coaventional wire
macerisls as niobiua=Titsnium and niodius
tristannate. Hovever, the Corporstion is keeping the
door open o any nev amd befCer superconduciing
substances that might coee into being so that the
superconducting materisl being considered nov can
easily be replaced as circumstances justify.

Tne committee consists of a Supsrcoaducting
Electromsgnet Propulsion Bostl Subcommittee neaded by
Seizo Motoyoshi, professor emeritus of Tokyo
University, and s Superconduccing Electromagnet
Propulsion System Subcommittee chaired by
Kenssku Imsichi, professor emeratus of Osaxs
Universicy. The subcommitcees, respectively, sre
carrying out resesrch is the design of a ship mosc
sppropriste to supercomducting electromsgnetic
propulsion; and the devslopment of a propulsion
system, Che heart of a superconductivity snhip, based
on s superconducting sagnet.

Tne subcommitCees nave Che parcicipstion of
fiicacni Shipbuilding and Engineering,
Ishikevs jima-Harims Neavy lndustcies, Wippon Kokan,
Hitsubish: Heavy Industries, Mitschi, Lid., and &
total of & dozen we jor shipbuilding, heavy machinery,
ond slectrical concerns, reflecting the degree of
inCerest shown by che industrial sector in tnis
venture.

The ides of an electromegnetic ship propulsion
vas first puct fortn by sn Aserican, W.A. Rice, for
wnich he wvas grented s petent in 1961,




in lvoa, Dr. 3. May of Westinghcuse Cocpucat:ron
(US) constructed & J-wetre loag smdel and conducted
navigational experiments wn the coastal waters of
California. However, the experiments vere iess tham
ispressive, earaiag the general sssessmeatr chac “an
clectromagnetic ship 13 3n untealistrc goal™.

The probles witn those expecrimenis vas the use of
an ordinacy sagret, vita a limited magnetic field
intensity and nence an inadequale force generated to
push the seavater backwards, i.e., insufficieat
propulsioca. However, banking on the premise (hst the
advent of superconducting tecnnology should bring the
electromagnetic snip to the realm of reality,
Professor Saji ac the Kobe University of Meccantile
Marine undertoos research wock some LU years ago. Ia
1980, tais group constructed a }.6-metre loag wodel
snip "ST-500". [t actained s speed of 0.7 metre per
second (2.52 kilometres per hour) and a 0.3 per cent
propulsion effirciency, certainly sodest
accomplishments relative to the performance level chat
vould be needed in a practical ship, dut still serving
to confirm that design values can be put into a
snysical reality, thnus suggesting ultimate feasibility
»€ the techanology. This actracted worldwide motice,
producing a reneved interest ia electromsgnetically
propelled ships, sad prompting the Japsa Shipbuilding
Promotioa Corporacion Lo start 3 researcn effort dased
oa Professor Saji's resules.

As the name implies, the electromagnecrxcally
propelled snip runs on electcomegnetiss, using Che
underiying principie of “Fleming’s left hand rule”
wnich states that wnen a curreat is discharged
perpeadicutar to cthe direccion of a magnetic field, a
nev force is generated in & third directionm,
perpendicular to both the magnetic field and the
elecerical current.

ln 1zs basic sItucture, an electromagnetic boat
nas 3 magnec and electrodes attached o Che body of
the snip suchn Cthat the magnetic field nas & vertical
direction, snd che current runs perpeadicular fo tne
direction of the ship and into the seavater.

Wnen current is spplied, the sesvacer is pushed
back vigorcusly, sccording to Flemiag's left nasad
rule. The reaction from chis force drives tne ship
forvard,

The most significant aspect of this system is tne
complete adsence of an engine, screws, and other
mecnanical moving parts, msking the ship free of noise
and vidracion.

Another advaactage is the possibility of realizing
3 super-fast snip. The coaventional screv-propelled
ship has an iaherent speed limitation in CtRst when Che
trotational speed of 8 screv exceeds 5 cercain poinc,
the screw begins to "slip™, beyond which no sdditional
28in 10 cthe forvard motion of the snip can be obtained
hovever fast the screv may trolate. The
electromagretic propulsion ship kaows no limitation of
tnis kind., "We mignt see small-scale cruise ships
designed fcr pleasure trips in sbout Cten years™,
predicis Professor Shoji Tansks of Tokyo University,
a0 expert on superconducCivily, concerning the
cimeframe for praccicsl utilization of this technology.

A snip free of noise and vibrations vould be
ideslly suited to pleasure rides. These sdvantages
also make superconducCivity an sttractive candidste
for submarise construction, since the absence of noise
would raadble the submarine to elude detection by soaar.

Super-fast snips funning st over 100 knots,
compared to scores of knots for conventionsl ships,
would confer significant military advantsges.

At 2 symposium oa supercoaductivity meld by the
US Macerisls 3cieace Msociation in los Mgeles ia
Apeil, a participant from che US Mavy ssid: “We have
been puriuing supercomductivity resesrca precisely
because of a desire to develop an clectromsgnetically
peopelicd snip™. Althouwgh simple i1n uadeclying
principles, hovever, electromagnatic propulsioa would
have to overcoms many techaical issues before it can
prove practicabdle.

The greatest question s how o reduce the size
and veight of a2 magnet while pcoducing a sufficrently
nign magnetic field. Tne pover of propulsion of an
electromagnetic ship is proportional Co the streagth
of che megnetic field and the elecirical curcent. Tne
electrical curcent, which 13 slliowed to pess tacough
the seavater, cannot be made very strang, since too
strong a curreat wwuld csuse electrolysis of the
seavater, vesulting ia deposition of hydrogem and
cnlorine on the electrodes. ieat dissipstion due to
electrical resistance would also produce lacge iosses,
with 3 substantial drop in the propulsive pover.

For this reason, ix the viev of experts "a strong
magnetic fiele in tne order of 10 co 20 cesias (ctesla
being a unit for expressiag the inceasity of &
magnetic field) is mecded 1o order Lo mske an
electromsgnecically propelled ship practicadle.
Without using & superconducling sagnet, it would be
difficult to produce a magmetic field vith that
intensity. The highest magnetic intensity tnat nas
been attsised by existiag metallic compound
superconducting materials nas been approximately
19 teslas, of which 12 to 1) teslas can be though of
as being available for practicsl use (Science snd
Techaology Agency Kational Research Institute for
Mecals). Thus, 8 superconductavity electromagoet
propulsioa ship is nov oo Ihe verge of practical
reality.

According to preliminary calculations by the JSPC
resesrch committeer, it would take 150 cons of a
supercoaductiang msagnet to drive a 50-ton bost at a
speed of 8 konols; with such s weight, tne ship would
sink. Hovever, subsequent Superconductivity
tecnnology research has reduced the weignt
requiremsnts of & magnet to uader 100 toas. Tnis
deselopment prompted the JSFC [oO undertake the
construction of aa experimental vessel.

If a nev cersmic-dased superconducting materisl
proves feasible, the required cooling system can be
teduced in size, and s poverful magnetic field caa be
generated. These prospects hsve made the “"realization
of a superconducting electromagnetic ship quite
promising,” sccording to Professor Saji.

2. Optical switching device

Ritachi, Ltd., has succeeded in the experimencsl
fabrication of an optical svicening device using o
high-temperature superconducting materiasl. Wnen a
ceramic-based suostance, tne focus of mich recent
interest as a high-tempersture superconducting
material, is made into s tnin file, the substance
conducts eleztricity vithoul say vresistance, slloving
the curcent to flow virtually forever. Tne Nitachi
research group formed a cadmium sulfide optical
conductor sesiconductor on the thin film. By
directing a light besm on the semiconductor Chey vere
able to turn the slectricsl current flowing in &
superconducting state on and off. Using Chis
principle, the Hicechi group crested the vorld's firsc
device capable of exnibiting optically sctuated
switching actions under liquid nitrogen conditions.

The high-cemperature supsrconducting device was
msde by cresting & trench in & part of 8 ceramic than




fiim, made of yeerium (Y), darium (Ba), and copper
(Cu) oxide to inhadit the flow of superconducting
current, and by providiug eleccrodes at two ends of
the tnin file. Tnis thia {ils was produced dy
nign-frequeacy sputtering of a Y-sa-Cu0 amorphous thin
fila to form a file 2 microns (! micron =

1/1000 millimetre) ctnick, and heat-trescing the result
uader an oxygen stwosphere. Tnis substaace coapletely
loses electrical resistaace at 85° absolute
temperature (-188°C).

Hitacn: personne! irradiated the
cutrent-regulating part of the supercoaducting thin
fila vich a lignt beam 0.7 to V.8 miccon in
waveleagth. This caused a maximum curcent density
chiage of 3,000 amperes per square melre at
77° sbsolute tempecature, demcastrating the
feasibility of svitching acticas. When the part of
ctne fiim to be irzadiated with Light was covered witn
cadmium sulfide, switching was induced with 10 times
less amount of irradiated light.

Tne fecent experimencal fabricatioa of a nign-
temperatutre supercoaducting optical switching device
is draving much attention as the first sucn device
demonstrating specific results.

¥ote: Switching device: A device endowed with
tne function of turaing an electrom-flowing circuit on
and off. The difference between response vave forms,
one representing the state of electron flov and the
ather the absence of electron flow, is used for
information transmission purposes.

3. Ceramic coil

Tosnida Corporatioa has accomplished experimental
fabrication of a coil from 8 vire made of 2 nev
ceramic superconducting matecisl. Toshida researchers
nave confirmed that coil loses electrical resistance
completely at liquid nitrogen tempecatures and is
capable of conducting current at a density of
3iU amperes per square centimetre. Making s coil out
of the hard and brittle cerasmics presents singular
tecnnical difficulties, but is necessary for the
realization of a2 magnetically flosting traia or an
electromagner for use in auclear fusion. Because of
the low amount of current that can be supported, Che
aev coil may be litctle more than a laboratory
curiosity, but the imporcant point is Tthatl the
accomplishment has establisned a basic process for
coil fadrication, according to Toshiba persoanel.

The experimental coil is made by vinding 2
60-70 centimetre long wire; the coil has a
2 centimetre diameter and is 2.5 centimetres long. IC
nas 10 curas. [t loses electrical resistance
completely at 85° absolute temperature (~183°C).

Tne superconducting material employsd is a
compound of yttrium, barius, copper, and oxygen. The
rav materials yterium oxide, barium oxide, and copper
oxide powders vere mixed and heat-treated at &
temperature aot exceeding 900° C vithou: causing
solidifcation of the powder sixture. Tnen the
materisl was packed into a silver pije and eslongaced,
peoducing 8 wire less than an ordinary satch in
caickness.

After being wound into a coil, the materisl vas
neat-treated agailn under an oxygen atmosphere to
transfors i2 into s ceramic.

The reason that the meZerial vas covered with
stiver wvas thal oxygen, necessary for tiie creation of
a quality superconducting materisl, would be cCaken up
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by the material through the covering during the hest
treatment and ceramic traasformstion. A cover made of
copper or other substances, oa Che other haad, wvould
vithdraw oxygen froe the ceramic, thus preventing tne
production of & good supescoaducting material.

Tne technique of covering & supercvaducting
materisl with silver during the vire-making process
has been announced by American Telephone and Telegraph
Corporation (ATT); nowever, Toshiba coatemds tnat it
developed a similar technique iandepeadently, aand
disclosed that pateat application tor the Cechaique
has already been completed.

4. Coit with strongest magnetic field

On 15 May, Mitachi Cable, Lté. (Presideac:
Hironary Hasniaoto) d tne sful joint
development witn Hicachi, Ltd. (President:

Katsushige Mita) of a sujserconducting coil maving tne
vorld’'s strongest magnetic field, 17.2 teslas, at
4.2° Kk (absolute temperature). Uatil now, arcbium
tristaanate compounds have been used for the
fadrication of nigh-magnectic field supercoaducting
materials offering 8 teslas or nigher magnetic
iateasity. Using a cable coasistiag of extvesely thin
wires of niodium Iristamnate, the Hitachi group has
succeeded in the generation of a megnetic field
strength surpassing the L7.1 teslas achieved by Kyushu
University. On the strength of thais achievement,
Hitachi Cable will be producing wires 3s vell as
sualli-size superconducting magnets for applications
ranging from analytical magnetic resonance imagecy
(ML) to resesrcn in the physical properties o%t
subsCances.

Although there has been a feverish push for ctne
develop of superconducting ceramics which have tne
charscteristic of losing electrical resistance
completely at room Cempersture, practicsl utilization
of such substances is sCill considered s lomng shot.
Hitachi Cable has already produced 5,00V kilomeires
vorth of wires of niobium-titan.us alloys sad niro01um—
tristannate compounds. These vires are nov being used
in large-scale magnets for nuclear fusion and
magnetohydrodynamics (MMD) power generatioa.

Tnhe recently developed superconducting coil is
inrended for use in small~scale magnets. It has an
effective inner dismeter of 42 millimetres, an outer
dismecer of i1% millimecres, and is 15U millimecres
hign. Niocbium-titanium-tricin vas foreed by viading
the rav material into s coil fors and by subjecting
the result co heat treatment to confer on it o
superconducting property. The technique is intended
to compensste for the Low mechanicsl strengtn of
ordinary ceramic substances.

Hitacni also achieved & coil size reduction by
teducing the proportion of copper preseant 1n the
superconducting vire to 80 per cent of the total
material content. This has produced & hign wean
current density for the coil of 54 smperes per square
millimstre ac 17.2 teslas (Kyushu University reporzed
achieving a current density of 28.1 smperes per square
millimetre st 17.1 teslas). Tne sccomplisnment mesas
that Hicachi Cable now has expertise in botn large-
scsle and small-scele strong megnecic field
superconductaing coil technology. Tne cospany will de
wvsging 8 product offensive 1n tne cryogenic
superconductivity srena vhile st the same Cime
accelerating the development of room-temperature vire
msterisls. (Source: MNikkei Ssngyo Snimbun, May 1987)




6. CURRENT ANAREMESS

Snergy-relaced devetoprents

icans former succesy

Tne researcn group headed by Assistant Professor
Kazuo Funagi of tne Superconductive Magnet Research
Centre of Kyashu University's Engineering Department
announced on 1) April that it had succeeded in
developing a superconductive traustoteer having an
Jutput of 72 kilovolt-amperes. Tnis is the highest
level in the vorld, exceedicg the capacity of
I kilovolt —amperes of the supercoaductive traasformer
developed dy the Freach pany Alstnom—J t. This
trans forzer has the advantages that the voltage
fluctuation rate is lower and the transmission
efficiency is higher than those of ordinary conduction
teans formers of the ssme capacity, and the overall
safety of the system is superior to that of
superconductive equipment of the past. With the
success in develcping this superconductive
trans former, the goal of putting AC superconductive
power generation equipment into prectical use has been
realized.

Tae superconductive transformer developed by thne
Kyusnu University group uses an ultrathin multicore
superconductive wire of a niobium—citanium alloy as a
coil, and tne coil and iron core were cooled yith
liquid nelium z0 absolute 4.2 degrees (-263.3 C).

Tne volume and weight of the apparatus is 1/10 that ot
pnoctcconductive transformers of the same capacity.
(Source: Nihon Keizai Shimbun, 14 April 1987)
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Motor using superconducting msterial

Sanyo Electric Co., Ltd. has come out with a
mOLor using & superconducting material which is
revolved by utilizing the phenomenon of a
superconducting material and a magnet repulsing eacn
other.

Tnis new motor has a shape resembling that of a
water wheel. A plastic ring with a diameter of 6 cm
is fitted with 16 disc blades made of s ceramic
superconducting material. One half of this wheel 1s
imnersed in liquified nitrogen to temnder it
superconductive, and impressing Che magnctic forces
witn the permanent magnets causes Che runner to
cevolve.

A superconducting msterial has the property of
tepulsing a magnetic force. The motor utilizes this
property; tne discs made of superconducting material
act to repulse the magnecic lines of force of cne
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Sanyo Electric’s Superconducting Motor
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installed magnets. The upper part of the motor's
runner lies above the liquitfied nitrogen and is oot
supercoaductive, 80 no Meissner effect is geanerated.
As a cerull, no counter—revolution force is exerted
from the runner’s upper section, sa¢ the wotor tenus
o revolve permanently.

Tne motor presently has a maxisum speed of oanly
20-30 rpm and canaot de used as a source of motive
pover, but the compsny plans to conduct research o
develop a superior superconducting material tnat can
be used even at room temperature.

(Sanyo Electric Co., Ltd., Public Relatiroas
Dept., 1-10, Usno l-chome, Taito—xu, Tokyo)

(Source: JETRQ, December 1987)
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Tne fruits of superconductivity

The world’s first electrical notor based on tne
properties of new superconducting meteriais was on
show (Fedruary 1983) in Boston at s meecing of tne
American Associstion for the Advancement of Science.
Superconductors tcansfer electricity without Loss of
energy.

The motor is & simple demonstratioa model tnat
operates at about 50 revilutions per minuce. The
ceramic material that it uses - yttrium-barium-copper
oxide - becomes a supercoaductor st 94 K or -119° ¢,

Tne motor is too small for practical use and
produces negligible power, dut it dewmonstrates for the
first time that these motors are possible.

The motor 1s based on the Meissner effect - tne
property of supercoaductors that causes them to reject
lines of magnetic force. It consists of 24 small
electromagnets mounted along the bottom of & circular
sluminiue plate wnich rotates above two disks, shaped
like hockey pucks and made of yttriue-barium—copper
oxide. The disks become superconducting at about 94 K.

As one of the electromagnets approaches the
superconductor, the electromsgnat is switches om to
create an electric field. The superconductor responds
by produciang its own magnetic field to repel the
magnet. The aluminium plate continues to spin as tne
electromagnets in turn rotate past the
supercoaductors, are svitched on, and then get pushed
avay. As an electromsgnet is pushed svay, the C1ircuiC
is broken, but snother one comes in Lo keep the cycle
going and the plate spinning.

The Argonne laborastory in [llinois, USA, vhere
the motor was developed, Nas more than [0V people
working with the new superconductors. [t is operated
by the Univercity of Chicago. (This tirsc appesred 1n
New Scuutut. London, the veekly review of science
and technology, L& January 1943)

Electronics snd computer related developments

Superconducting transistor opersted successfully

Hitachi, Ltd., has succeeded i1n developing and
opsrating a transistor-type superconducting three-
terminal element.

A superconducting element that utilizes the
tunnel effect in Cthe superconductive state
theoretically has s switching speed that is adbout &
hundred times faster and & pover consumption rate that
1s about a thoussnd Cimes lower than silicon
semiconductors, 80 research on the element has been
-onaucted intensively. Howvever, conventional
superconducting elesents, or "Josepnson devices” sre
two-terminsl elemsnts tnat do not permit the use of
existing computer-mounting technologies that work with
existirg trensistors.




The nev superconducting transistor arranges the
soutce and drain electrodes, which are msde of
supecconduct ing materials, in close promixity on a
pure silicon semiconductor, and provides & third gate
electrode zhat nas been insulated with 3 thin oxide
coating on iLCs rear side.

The elemenc's operation pciaciple is explained by
the quantum theory. That is, coansidering Che
superconducting electrons as a wave soucce, then
placing two superconducting macerials close togetner
wvill permit the supercoaducting electton vaves emitied
from both trese electrodes to be used. This
superconduct ivity range will be further expsnded by
iapressing a voltage on the insulated gate electrode
on the silicon semiconductor’s back side.

Wnen no potential is being 1mpcessed on the ygate
electrode, the superconducting electron vaves from the
source and drein electrodes do notC overlap, so there
is no flov of supercoaducting electron turnel cur:eat
betveen the two electrodes, and a potential is
zenerated to cause 3 flov of normal conductance
current. When a potentisl is impressed on the gate
electrode, the vaves of superconducting electrons from
both electrodes expsnd to overlap, s0 no potential is
generated between the two electrodes and a flovw of
tunnel curremnt will be generated by the
superconducting electrons. Tnese two conditions are
created by svitching the d.c. current flowing through
the source and drain electrodes by action of the d.c.
potential impressed on the third, or gate electrode,
theceby ensbling the superconducting traasistocr to
funccion through the d.c. curcent source.

The svitching speed of the nevly developed
superconducting tramsistor is 20 picosec (calculated
value) and its pover consumption only 5 W, so the
eiement is believed to display performsaces comparable
to those of Josephson devices.

(Hitachi Led., Electromagnetic In=-cument Design
Depr., 882, Ichige, Katsuta Cicy, Ibraki Pref.)
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(Source: JETRO, June 1987)

Printed circuit board

Tne Fucuhaws Electric Co., Lrd. announced that it
has developed a peimted circurl board that uses a nev
ceramic supercoaduct ive material for its wiring. Tnis
1s the first Time Chat & nev msterial nas Deen used in
a mrcinted circuit board ia wnich the electricsl
resistance 1s reduced (O xern, usiag the inexpensive
and easy to use liquid sitrogen {(at -196° C). The
company expects to use the printed circuit board in
electranic equipment that throws off & lot of neat
because of power loss.

The sev ciccuit board is & 5-6 ceatimetre square
ceramic substrate vitn circuit virisg formed from tne
nev supercoaductive materisl. The wiring is in the
form of & tmin film naviag a tnickaess of
U.08 millisetres, and the minimum vire vidcn is about
1 millimetre.

Superconductivity occurs at ~183° C that 1s
above the temperature of liquid nitrogen and at the
temperature of liquid artrogen, & current of
10C millismperes was observed to flow.

Since last year, there have been rapid
advancewents 1o the field of ceramic semicomductor
materials. Heretofore, attempts have been made to
create electronic devices from vires md thin fils
cryscals, but aow that printed circuit bosrds have
been produced, the move toward practical application
of this techaology should reach s nev stage.
(Source: #ihon Keizai Shiwbum, 22 Apcai 1987)
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Ceneral Electric has pateated s superconducting
magnetic device for magnetic resonsnce imsging. Tne
unit allovs examination of specific parts of the body
wile suppressing background signals.

Patent 4,701,708 wvas granted to tvo GE employees for
the device. (Source: New Yorx Times,
14 October 1387, p. 18)

A superconductive }-terminal device that could be
developed into a microchip nas been deaveloped at
Yokonams Mational University, Jspsa. The nev phase
quantum tunnel device is similar to a field-wffect
transistor in strfucture. IC can bde activated by as
little as | electron's wortn of electrical charge. An
experi1mental Josepnson junction device needs over
100 electeons. (Source: Japanese Economic J.,

3 October 1987, 9.21). .

Company formed to commerciaslize superconducting
electronics

A nev company has been formed to explore and
manufscture superconducting electronics, Called
Conductus Inc., tne company’s advisory bosrd 1acludes
six scienciscs from Scanford University and the
University of California at Serkeley.

Tne compeny plans to explore superconducting
electronics using tnin film technology. These
electronics spplications include very nigh speed
digictal devices, magentic field detectors, other types
of detectors and sensors snd high speed interconnects
in ICs and circuit boards.

Conductus does not expect immediate
commercislization of these applications, knowing that
1t will probably cake seversl years of resesrch and
devslopment to sffactively explort technological
breskchroughs in the marketplace. [t does plan to
undertake joint RED projects with establisned computer
and electronics companies and vill aiso pursue
available govermnt contracts to help advance this nev
tecnaology. (Exctrected fros Semiconductor Int.,
December 1987)




Magnets and magnetic devices

Superconducting SQUID wocks at 81 K

The ficst supercoaducting electronic device that
operates above the temperature of liquid mitrogen
(77 X) nas been made 2t tae WS ladocatories in
Boulder, Colorado, USA. The MBS device is 3 high-
temperature version of the superconducting quantum
itater ference device, or SQUID, vhich can measure
magnetic fields with exquisite sensitivicy. It
aperstes at 81 K. The SQID, vhich uses yttrium-
Barium—copper oxide supsrconductive material, was
fasnioned by physicist James E. Zimmersaa and
coworkers Ronald Ono and James deall. Previously,
such devices vere made from metallic materials that
became superconductive - aad hence useful - oanly at
temperatures near asbsolute zero. The nev high-
temperature SQUID makes applicatioas, such as the
measurement of electrical signals in the brain, more
convenient and cheaper. (Source: Chemical and

Engineering Nevs, 1 June .19.ll7)

Hitachi has developed a protot ceramic-based
superconduct ing quantum inter ference device (SQUID)
for use in medical equipmenct. Tne SQID works in a
liquid—cooled eavironmeat and can detect magnetic flux
as small as 1/10 millioach of terrestrial magnetism.
Significantly, the SQUID vas fabricated with thin-film
process technology, using lithographic techniques
staitlar to those used in semiconductor manufacturing.
Tne prototype SQUID has a current demnsity of wore than
6,000 A/sq-cm, high enough for practical applicstions.
The SQUID is essentially a superconducting ring
incorporating one or tvo Josephson jumrctions and a
pair of electrodes connected to the ring. The company
hopes to use the SUID as a magnetic resonance image
(MRI) sensor for use in auclear magnetic resonance
(NMR) equipment. INM developed a SQUID in April 1987,
and Sharp has developed 2 magnetic seasor containing 2
ceramic superconductor, dubbed the Super Magneto—

Resistor. (Source: Electrical Engineering T.,
157
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17 August 1937, p.

Superconducting ship propulsion system

Sumitomo Heavy [ndustries, Ltd., has developed a
small-sized lightweight superconducting ship
prepulsion system thst can develop 650 horsepover.
The new system, which is Leing jointly developed with
the Japan Marine Machinery Development Association
(JAMOA), is the second stage of a project expected to
lead to the development of a 20,000 horsepover
superconducting ship pulsion systes in four to five
yesrs, the spokesman »aid.

Tne nev system, which is based on supercoaducting
materisls that lose their resiscance to the flow of
electrons when cooled close to absolute zero, uses a
direct current motor and liguid helium refrigerator
for cooling its niobium- titenium superconducting
coils. Wnen installed in s ship, the systes will
consist of a gas turbine, superconducting generator
and power supply for supplying electrical power,
liquid helium cooling and recovery devices, and tne
superconduction motor and helium refrigerstor. The
generator of the proposed 10,000 horsepover system
will be from one-fifth to one-wighth conventionasl
size, while che motor will be from one-third to
one-fourth conventionsl size. Snips equipped with the
nes propulsion system will not require a mechanical
power trausmission path, and vill hsve good
manoeuvrability. (EZxcerpts fros Tokyo KYOPO,

28 July 1987) s e e 8w

Electro~Kinetic Systems (Trainer, PA) and MIT
vill jointly develop custom superconductor composites

for electromagetic shielding. The programms is
planned to bring development of new products with more
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shislding capacities versus present products. MIT nas
announced that it had attained a bdreskthrough im
developing metal precursors to superconducting
cersmics. EKS recently submitced a proposal for
government funding of wore research Jn superconductive
composites, dased on nev developments in
susercoaductivity and EXS® proprietary techaology ia
compusites and coatings. (Source: Metalveek Nevws,
7 Septesber 1387, p. 3)

e & 5 & 0

Mitsubisni Electric wvill uaveil the MMI-150S

supet Cive-t diagnostic device vith
magnetic field strength of 1.5 tesla. Mitsudishi will
sell five units tne first yesr. Tne specially
designed structure of the suparconductive magnet
minimizes use of liquid helium vithout refrigeration.
(Source: Demps Dig, 21 Septesber 1987, p. 9)
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Osk Ridge Mationsl Laboratories (Osk Ridge, TH)

nas passed six large superconducting magnecs in its
first cests, three coming from the US and one eacn
from the Federal Republic of Germany, Japan and
Svitzerland. The results for the magnets macked che
end of the t_st programme iavolving tne lateraational
Eaecgy Agency's organized four-nation, $180 miilioa
Large Coil Task. All six D-shaped corls, each 20°
tall and veighing 40 tons, produced enough magnetisa
to uphold scientific beliels that magnetisa could keep
hydrogen fuel plamss that reach 100 milliion degrees
avzy from fusion reactor walls. Etsch msgnet reached
peak magnetic fields of 9 teslas, 180,000 times che
Earth's nstural magnetic field, altnough the design
goal vas 8 cesias. The force of each coil in the last
tesC vas 5,000+ tons. Tne US magnets came fros
Westinghouse Electric, General Dynasics' Coavair
division, and General Electric. (Source: Metaivee.
¥ews, 26 October 1987, p. 37)

Developmeat of superconducting megnetic storage

Tne US Defence Muclesr Agency in the Department
of Defence has named Becntel Mational inc., Sam
Francisco, California, and Ebasco Services Inc., New
York, as prime contractors 1n & project to develop a
superconducting magnetic energy storage (SMES) test
model .

The pair of Cwo—year contracts, solicited last
June are for $13.8 mlilion end $13.9 million,
respectively. They will dewoastrate the fessa. ..ily
of developing a full-scale SMES system to pover
ground-based lasers sad - “her equipment as part of tne
Strstegic Defence Initiative, but the potentisl
application in the civilian utility sector is
considerable.

The engineering test model of the SMI' will
feature 8 cylindrical coil measuring 10U metres 1n
dismeter, placed in a 9-m-deep Crench. The SMES will
be sble to deliver both steady power at
10-25 megavatts for two hours for peace-time uses or,
for laser weapons applications, 400-1,00" Wwe for omly
100 seconds.

Working vith Bechtel are such major
subcontractors as Cenersl Dynamics, GA Technologies
and General Electric, plus Pitc-Des Moines, CVI,
Cryogenic Consultants and Ansaldo, General Oynamics,
whose contribution will be superconducting magnets,
will be sssieted by tne Texas Accelerstor Centre aand
Interme gnetics Cenerasl.

Bbasco has brought togsther & tesm of the
University of Wisconsin, the Msdison Gas and Electric
Co. subsidisry Centrsl Wisconsin Developsent Corp.,
Westingnouse Electric Corp., Chicago sridge and Iron
Co. snd superconducting materisls supplier Teledyne

Wah Chang. (Extracted fros [nternstionsl Solar Ener
Intelligesce Report, | December 1987)




Cerasic-based superconducciog magnet

Tne Furukawva Electric Co., Ltd., Tokyo Electric
Power Co., lnc., and tvo other companies have joiatly
succeeded in producing 8 ceramic-based superconducting
asterial 1n vire fore, vinding the vire into & coil
and fadbricating a superconducting magnet. Tne
magnet's current density 1s about 1,000 A/em? at a
temperature of 77 K (-196° C).

Metal-based superconducting materials made of
aicbium-titanium, for exsmple, are already being
produced into coils and magnets, and being used in
sophisticated equipment sucn as MRIs. However, since
these materials require an extremely low critical
temperature in order to render them superconductive,
there is an incoavenience that expensive liquefied
nelius nas to be used as a coolant. Ceramic-based
superconducting materials, however, can be cooled witn
much cheaper liquefied nitrogen, and are thus
atctracting atteation.

Produced into coil form this CTime were oxide
superconducting materials such as yttriumw, bacium and
copper. Pressure was applied by extrusion to the
substance (activated superconducting powder),
producing a wire of about 1 mm in diameter, which was
then wound on a bobbin and heated/cooled (wind-and-
react process), and transformed into coil form.

Tne coil nas an inaer dismeter of 21.4 mm,
20 turns, and a wire leagth of about 1,500 mm. When
it was cooled witn liquefied nitrogen (70 K) and a
current passed through at a rate of 2 A/min, it vas
confirmed to generate & magnetic field of 20 G. Tne
critical current density at zero magnetic field
1ncensity was equivalent to 1,330 Alcm?, and a
stable superconducting state vas confirmed even after
the coil had been stored for a moath.

(Tne Furukawa Electric Co., Ltd., Publicity and
Advertising Div., 6-1, Marunouch 2-chome, Chiyoda-ku,

Tokyo) {Source: JETRO, January 1983)
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Production of wire, films and powder

Practical wire coming

Tne US Department of Energy has given Argonne
Nacional Lsboratory the job of developing a practical
conducting wire from the nev superconducting
ceramics. Tne goal is to produce within five years a
practical wire that loses sll electrical resistance ac
17 K,

A vire To meet the gosls might be adbout
one-seventh of an inch thick and able to carry about
W0 amperes of current when cooled by liquid
nitrogen. [t musc also be reasonably flexible. A
Wwire witn those properties would make transmission
lines economical.

Today's working superconductors must ve cooled to
liquid-nelium temperstures of & K. bBut practical
applications sre limited, pecause liquic Nelium costs
about $11 oer gallon and is difficult to handie.
Liquid nitrogen, on the other hand, costs only about
22 cents per gallon and is far essier to nandle.

Working closely witn Argonne on tne project will
be b:oonneven National Laboratory and Ames Laboratory.
(Source: Machine Design, 25 June 1987)
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Wione-Poulenc plans Co supply superconductor raw
materials

Rnone-Poulenc Lac. nas lsunched a major
development effort to protice ready-to-use rars
eartn/copper/alksline esrtn oxide povders as rav
materials for the production of superconductors.
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C.R. Tevedaugh, Rhoae-Poulenc's vice president
and general manager for f{ine inorganic cnemicals,
said, "We nave combined all of our inorganic chemical
expertise and nave taken tne first step Lo removing
the wocry of nigh-quality rav materials fcoms the
compairies vorking in the emerging superconductor
field, alloving them to conceaCrate their resources on
speeding their nev developments .o commercial
ceality."(Source: Ceramic Bulletin,Vol. b6, No. 7,1987)

- & 3 X

Kauasaki 5teel nas announced the capability of
that become superconducting vanen cooled witn liguid
nitrogen o 93 K (-180° C; -356° F). inc material,
which is an oxide of yttrium, barium, and copper,
begins to show & drop in resistivity at 95 K (-178" C;
-352.4" F), becoming completely superconductive at
93 K. ‘The company is now producing vires that ars
claimed to be of uniform quality, measuring 1| mm
{0.04 in.) in diameter arnd 10 m (3.3 ft) in lengtn, 1n
loc sizes of 10 kg (22 1b) or more. Kawasax: Steel
uses & proprivtary ceramic processiang tecnnology to
drav Chese small diameter wires irto )0 = lengcns.

in recently conducted tests, a critical current
density of 41U A/ vas recorded. Tnis current
flow is consideired to be indicative of the absence of
impurities. X-ray analysis nas confirmed the
material’s homogeneous microstructure. {(Source:
Hacerials and Processing Report, August 1987)

. » a8

American Superconductor (boston, MA) will produce
MIT developed metal alloy superconducting wire tnat
researchers think has more commercial potential versus
other superconducting materisl produced made mainiy of
ceramic. American Superconductor, an American R&D
(Boston) subsidisry, said ciue wire made from europium,
barium, copper snd gold may possibly be commercially
offered by 1983. Americsn Superconductor expects to
begin shipping wire samples to customers in 1Y84. Tne
wvire's use of metsl would make it easier to turam 1nto
wire for generators or transmitting lines. Wnile
ceramic materisls snow & full loss of electrical
resistance at temperatures closer to room temperature,
they are brittle, it 1s nard to produce vire from
tnem, and they are superconductive in a small part of
the material. However, the MIT alloy loses all
resistance to elecgricity in JU per centt of tne melal
and it occurs at temperatures of Y0+ K. (Souvrce: Am
Mel Mxt, 10 August 1937, pp. 1. 8)
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A filament made of superconductive ceramic_
materials has been developed by researchers at Nagoys
Institute of Technology (Japan). Tne filament, wnicn

.nas a dismeter of 80 microns and & maximum lengtn of

L m, becomes superconduccive st temperatures below
-19°C. Composed of yttrium-barius-copper oxide, tne
filament is produced using & tecnnique sizilar to wet
spinning for synthetic fibre produccion. Thne process
involves injecting an slkali solution from a syringe,
a procedure that better suits mass production versus
the conventional way of inserting ceramic materials
wnto & copper or silver pipe. (Source: Japan
Economic Journsl, 12 Sepcember 1987, p. 21)

S
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NsS jointly prepared and charsacterized bulw
targeC materials for s new la -ablction techniyue
vith the Johns Hopkins University Applied Pnysics
Lasboratory (UsA). Tne laser sblation technique was
developed st the Applied Physics Laboratory (APL) to
deposit superconducting oxide thin films on
substrates. The superconducting transition
temperstures for ablated cthin films of dsrium,
yterium, copper snd oxygen - the BYCO-1,2,3,
compound - aC 94.5 Kelvins snd for filme of lanthanus,
strontium, copper and oxygen ac 41.5 Kelvins are the
same 88 those messured for the bulk materials used for
ablscion, Tnin filws vere produced on unheated
substrates and no further processing was required.
The nybrid superconducting/semiconducting systems
offer potentisl for smaller and faster ICs. (Source:
N8BS, 21 September 1987, pp. 1~2)




Startups make bulk forms and electronic devices

A nev company uses explosive compaction to form
supercoaductors into bulk forws up to 24 cm diamater.
The ceramic powder is laid into a channel between two
plates of aluminium or copper. The sandwich is then
shock wave-bonded into a monolith by a precise
explosion of ammonium nitrate. The metal cladding
overcomes pcoblems with ceramic brittleness and
atmospheric degradation. The company, formed by two
Oregon Graduate Centre professors, is interested in
pushing through commeicial apolicatiocs, such as
energy storage rings for wotors and geanerators.
can produce kilogram amounts of superconducting
powders daily, and are looking for vemture capital,
co-operative research. and want to gel into the market
quickly. (Extracted from High-Tech Materials Alert,
November 19387)

They

Metal Manufacturers (Australia) nas developed
a pover Cransmission cable chat is superconductive
at 98 K. The cable, sheathed in copper and cooled
with liquid nitrogen, is far from being ready for
commercial use but could ultimately be used by
power statfiron switchyards where pover losses from
cystomary cable are extensive. Metal Maanufacturers,
wnich recencly lent $200,000 to the University of
New South Wales for superconductor research, said
the cable could have major implications for
firms with interests in various electronics
businesses. (Source: Am Mtl Mkt, 9 Novewber 1987,
2. 3) L

4 fast way to make superconducting thin films

Researchers at the General Motors Researcn
Laboratories say they have come up with a quick,
inexpensive process o make and alter the composition
of superconducting thin films - a development that
could accelerate the zlready rapid pace of development
1n tne field.

Unlike most researchers, who have been working
vith vacuum-based techniques such as laser or electron-
beam evaporation and sputtering, GM researchers at the
Warren, Mich., laborstories nave turned to metallo-
arganic deposition. because the approsch is nearly
identical co standard liquid spin—coating photoresist
techniques, and becsuse it is done entirely ac
atmospheric pressures, the method csn be accompl ished
with 2 minimum capital investment - in the $5,000
cange, GM workers say. This could open up the field
for researchers at more universities and other places
with limited budgets.

What is more, the technique allows compositions
of superconduccing materials to be sltered and made
into thin filme auch aore quickly than with otner
methods. "If someone came out tomorrow with a
material that is 8 room-temperature superconductor, we
could have & thin filw of thac materisl within s
veek,"” contends Joseph V. Mantese, & CM research
engineer. By contrast, he says, vacuum-based
sputteriag techniques can Cake 8 month just o change
the composition of a8 compound while 8 nev sputtering
target is obtained.

Researchers at ATAT Bell Lsborstories and Purdue
University have used the same method for making
superconducting thin films, but GH says it vas first
to publish resulcs and has filed for a patent on the
technology. The (M team reported last month on Che
technique's use in fabricating thin films of ytcriue-
bar ium-copper oxide on single-crystal strontium
titanate and polycrystslline barium titanate. The
films superconduct at 90 K.

Next is the preparation of similar
superconducting films on & silicon substracte. The key
is the development of & suitable diffusion barrier
that will preveat silicon migrstion into the thin
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film, wvhich can destroy its supercoaductiag
properties. (Source: Electronice, 7 January 1984)

Breakthrough in thin-file supercoaductors

A Japanese cospany is claiming a breakthrough in
the manufacture of nigh~temperature supercounductocs.
Nippon Kokan (MKX) nas deen vorking vith professor
Kyoji Tacnikawa sz TokalL University oan making
superconducting filas by spraying oxides of yttrium,
barium and copper in the form of a charged plasma oa
to a substrate. The films are supercoaducting (show
ao resistance) at 91 K.

MK has developed a way of plasea spraying the
oxides at low pressures - between one-fortieth and oae-
quarter of an atmosphere - in a cnamber containiag
ambient gas. This, it clarms, has proved much wmoce
success ful than previous approaches ianvolving plasea
spraying at atmospheric pressures. One of the
advantages of MKK's technique is that the film adneres
aote effectively to the substrate.

The technique has produced films that are 100
mcromeires thick, show no resistance at %1 K and nave
8 critical current density of 700 amperes per square
centimetre at 77 K. The Meissaner effect - wnere
;\;percouductou exclude magnetic fields, occurs at

K.

MK also claims that its tecnoique is 1,000 times
faster than non-spraying techniques, which lay the
film down st s speed of less then U.05 micrometces per
minute. (This first appeared in Mev Scientist,
london, the veekly review of Science and Technology,
14 January 1988.) , 5 » » »

Tape-form high-temperature superconducting vire
of high current density

Hitachi, Ltd. and Hitachi Cable, Ltd. have
jointly come out with s tape-form nign-temperature
superconducting wire having a high current density of
1,890 A/cm”® at & liquified nitrogen temperasture of
7 K.

This wire is made of superconducting yttrium
oxide and has s thickness of 0.1 ms and wvidth of 5 mm.
It is made into tape form by packing its rsw materisl
powder into 8 silver pipe and elongating tne pipe,
then hest treating u in an oxygen eavironment at a
temperature of 900°

The taped wire's core psrt is very fine with a
thickness of 60 microns and the vire is further
compacted by rolling, by which its current density is
caised conspicuously. The vire becomes superconducting
ac a cempersture of 93 K, its super critical
temperature is 90 K, snd it ""-s““ confirmed Lo pass
8 current as large as 5,700 A/cw’ in a liquified
helium environmeat (4.2 K).

Regarding the application of nign-temperature
superconducting meteriais to the field of energy, tne
fabrication of superconducting magnets will be
fundamental, snd in order to fabricate Cthese magnets,
the fabrication of high-tespersture superconducting
wires will, in turn, become indispensable.

Therefore, in future, the company plans to upgrade
the wire's current density by furthner compsction and
by decressing the particle surface boundaries, witn
the sim of develop.ng more sophisticsted wires for
various kinds of superconducting sagnets.

(Hitachi, Led.

Public Relstions Secretary’s Office
6, XKands-Surugadai 4~chome
Chiyodsku, Tokyo)

(Source: JETRO, Janusry 1988)




Oxide supercoaducting wire with critical curreot
deasity of 11,000 A/cw

Fujikura Ltd. has come out with an oxide-based
superconducting wire capable of passing a current as
lacge 11,000 A/ca?.

While superconducting wires made of yctriva-,
barius- and copper-based cersaics have ls far atlained
a critical current density of 1,000 A/ca® ac best,
the company succeeded in surpessing its target of over
10,000 A/cm?. It acnieved this by raising the
povder density during the wire fabricatioa process,
and by introducing a nev technology for removing the
wire's sheathing waterial and subjecting the wire to
sintering treatment.

More specifically, in the process of packing cav
material povder into metal pipes for sintering, the
prooerties of the caw msterials are known to be
degraded by the reactioa occurring betveen the oxide
material's oxygen and the sheathing material. To cope
with this problem, s non~oxidizing wetal (silver) is
used as the sheathing material, but even with this
silver sheathing, the critical current density is, at
best, only about 2,000 A/

In order to raise the current density, Fujikura
first increased the powder sintering density in the
process of packing the raw materials into the sheatns.
They also increased the powder density by a specisl
treatmwenc, with the result that the powdered body,
previously full of voids, was made hermetically tight.
In addition, the sheathing material vas removed to
enable tne oxide material to be hest-treated in an
exposed state, theceby preventing the cracks whicn can
be generated when heaC Ctreatmant is performed togetner
vith the sheath.

By introducing these new technologies in the wire
fabrication process, liquified nitrogen test data have
corroborated the passage of & critical curcent of 8l A
with a wire having a diameter of 0.97 msm, which is
equivalent to a current density of 11,000 Alcal.

(Fujikura Led.
11-20, Nishi-Gotanda 2-chowe
Sninsgawa-ku, Tokyo)

(Source: JETRO, Janusry 1988)

PP
Flexi~le tape fabricated by new metnod

A superconducting composite tape of
YbayCuj0j, that has a certsin amount of
flexibility has been developed by K. Togano and
co-vorkers aC tne Nationsl Researcn Institute for
Mectals 1n Japan. It is made by the solid state
surface ceaction of a barium carbonate (baCOj3) and
yeeeia (¥,03) coating on copper tape or copper
electroplated silver tspe. The 200 um thick Cu tape
was spray costed with an ethanolic suspension of a
mixture of BaC0j and Y303 powders, followed by
neat trestment at 900° C for 10 minutes to three hours
in air and then slow cooling in the furnace.

To suppress the formation of a copper oxide
(Cu0) layer, the powder mixture was rescted with &
30 um thick Cu layer clcctropllud on 8 200(u- thick
Ag tepe. Afcer reacting at 900° ¢ for 10 minutes,
micrographs of the fracture surface showed that the
grains (a few to 10 um in dismeter) of the
superconducting oxide are more densely packed than in
bulk samples prepared by coaventional sintering. This
tape could be bent to small diameters (<50 mm) without
the reacted layer either bresking or sepsrating from
the taps, Tne ceramic oxide lsyer also had better
superconducting propercies than on the Cu tape. The
T, at O resistance was about 85 K and the highest
Jo was about 42 A/cm® at 77 K sad O Tesla. Tne

Tesearchars are aow oprimiziag their process to
tmpCove the supercoaductiag propertias. They believe
this vork demonstrates (he poteatisl feaswdility of
processing WaLu30)-, into lomg lengens of

ductile superconductive tape. (X. Togamo, Mstiomal
Research lastitete for Metsls, Tsuxuba Labocatoriss,
1-2-1, Sengen, Sakura-mura, Niihari-gua, [bacsk: W5

Japan) (Source: Materisls and Processiag Reporc,
Jenuary 1988)

Versatile process for preparing supercoaducting

enin files

A simple and sconomic metallo-organic spin-oa
process for prepsring superconducting thia films nas
been developed by Michal Gross snd co-workers, also at
ATAT Bell Laboratories. It 1s the firsc thin filw
process in which solutions of the cosbined precursoce
are spin-coated and fired to produce superconducting
films. The films formed can be from a fev thousand
angstroms to several microns tnick, and the techaique
sllows precise stoichiometric coantrol of the metal
atos ratio.

Specifically, the metnod involves spin-coating a
substcate such as xirconia (Zr02) or msgnesium oxide
(g0) at 2,000 cpm vith a solutron of tne metallo-
organic precursors (2-ethylhexanoste cowplexes of tne
rare earth, barium, and copper ioms), or dipping the
substrate in tne solution. The costed samples asre
prebaked at 100" C to remove residual lolvn!. then
fired in & stesdy streas of 0; (ac 800 “-%0° ¢
folloved by sanealing st 400° C. Tne ocnset of the
superconducting traasition occurs at 89 K, cthe
criticsl cemperature (T) st 0 resistence is 77 K,
and the critical sutrag; density (J.), measured at
65 K, is sbout 107 A/em®., Crack-free films
pnparcd by two ccatings of 0.5, m each followed by
hrmg ag 990° C showv an improved J. of

0% A/ca? with no chaage in T,. The improvement
in Jc is attributed to the second coat filling voids
in the base cost.

The researchers believe that their spin-costing
process offers several advantages over other reporCed
solution techniques for prepsring films in its ability
to apply more uniform films of varying thicknesses.
Even though the T.s and J.s are not particularly
nigh, because the wetnod is so "lowv-tech” it offers a
relatively easy and inexpensive way to prepare
multiple samples for applications development work.
(Source: Marerisls and Processing Report,

January 1988)
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Novel powder prepsration technique

A freeze-drying technique Tnat can produce high
quality powders of superconducting oxides has been
developed at the Oregon GCraduate Centre. Sintered
samples prepared from these freeze-dried powders are
very pure (require no sdditionsl sintering aids) snd
have higner densities than sintered samples prepared
by conventional solid state powder reaction. In
addition, as shown on Figure A, the resistance of an
yterium 1:2:3 supercoaducting oxide prepared froms
freeze-dried powders drops very snarply to O witnin s
range of 1 to &4 K, with the transition tempersture in
the 93 to 97 X range. And its diamagnetic effect (as
measured by the levitation heignht of a magnet) is
srronger than an sanesled sample prepared by s solid
state mixing reaction.

The freeze-drying process consists of mixing
stoichiometric squeous solutions of pure salts of the
starting materials, freazing tne mixture by spraying
with an stomizer into a sample hulder filled with
liquid nitrogen, sublimation of the solvent, snd
decomposition to form the powdered product. After
pruung into pellets (50,000 psi) and sincering
(95° C for eignt to 72 hours in oxygen), X-ray




spectroscopic studies indicate Righ chemical
noeogeneity wiklh almost no variation ia Compositiom
from cme grain o asother across the semple.
Micrographs show largely the twia octhorhoabic
™3;Cu;0;, phase rvnming all acress the ssmple
with very few oCher phases detected. Tne developers
believe tha: this cryochemical technique cam be wsed
to prepare coamercial quancities of high quality
precursoc povder [or supercoaducters.

TRANSITION TEMPERATURE MEASUREMENT
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Fig. A Temperature dependence of the electrical
resistance of the YBa:Cu3xO7., heated 10 950°C for
36 hrin O;

(Nicholas G. Eror, i-ofessor, Department of Materials
Science and Engineering, Oregon Graduate Centre,
19600 N.W. Von Neumann Dr., Beavertoa, OR 97006-1999)
{Source: Materials and Processing Reporct,

January 1988)

Ia situ production of superconducting cthin films

A high-pressure resctive evaporation process that
forams highly oriented films of tne superconducting
phase of yttrium-barius-copper-oxide ia situ is under
development at Cornell University, USA. The process
is based on the =lectron besa co-evaporation of Y, bBa,
and Cu vires onto heated (600°-750° C) subscrates in
oxygen {(at 0.65 mrocr). by backfilling the deposition
chamber with ca. 100 torr of oxygen while the films
cool, Tcs of 81 to 83 K were achieved vithout any
posc aanealing, on both stronCium titenate (SrTi0j)
and yctria scabilized zirconia substrates. Criticsl
current demsities (J.) above 10% A/cm? st 4.2 %
were obtained with films on both substrates. Tnis
demonstrates that at least one substrate other than
$rTiOy can yield nign J. values.

The researchers believe that as their process
becomes optimized the properties of chese films will
improve. Tney suggest that this approach Lo growing
superconducting thin films is psrticulsrly promising
for the repid development of & successful high T¢
thin film technology. (Robert A. suhrman, Professor,
Scnool of Applied and Engineering Physics, Clark Hall,
Cornell University, Ithacs, MY 16850-2501) (Source:
Materials and Processing Report, January 1988)

Introduction of superconductive powders

W.R. Grace’s Davison Chemical Division, USA in
co-operation with Grace's corporate resesrch division,
has developed high-tsmpersture I-2-3 superconducting
powders and & full line of high purity rare earth
oxides, whicn it now offers for electromagnecic
applications in the computer and electronics
industries.
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* Source:

Cracs says its YaaCujO0y_, powder is
99.9 per caat pure, aad shows mocte than 92 per caat
supercoaductivity when pelletized st liquil aitrogen
temperstures. Urace also offers a submicron precursor
grade, vhich requires calcinatioa dy tae custoeer.

The nev substances are being made at Grace's
Washington Research Centre iw Coluabia, Maryland.

(Source: Chemical Marheting Reporter, 18 Jamuary 1988)
® s & o0
Hiscellameous

Dutch fillip for supercoaductors

Puilips of the Netherlands has formed a Ceam of
25 top scientists 0 seek & breasthrough in the
development of supercoad s for cisl
spplications. The team, vorking in Eindnoven in tne
Metherlends, Aachen in che Federsl Repudlic of GCermany
and srisrcliff Mamocr in K. York State in the .Y is
the first privately-funded initiative in Europe aismd
to produce 8 superconducling materisl that has no
electrical resistance at room temp rature.

Spesking in Eindhoven Last week, the Ceam's
leader, Piet Boagers, said that Philipe would wock
closely vitn resecarchers at seversl dcch
vaiversities. The researchzcs are to rely on a
technique called electron microscopy to find the destc
combination cf materials 2o achieve their objective.
The company ¢ill also cail on applied pnysicists whose
wvork on Josephson juactions sad simple switching
devices could lesd to nev methods of producing on s
Llerge scale supeccoaducting chips. (This first
sppeared in Mew Scientist, loadon, the weekly reviev
of science and uel:n:.rh:y..'l& June 1987.)

Superconductivity update

We are starting to see 2 shift in focus in
superconductivity from tne theoretical to the
practical. The conference on applications, spoosored
by the Deparcment of Energy, beld oan 2829 July in
Washington, D.”., is one example. For once the
spotlight is not on incremental incresses in
temperature at wnich superconductivity has been
observed. We sre also starling to see some market
forecasts and studies. Strategic Analysis, Iac., for
instaace, is under vay with & nine-wmonth multiclient
study that should be out early next year. Cost is
$25,000 if you sign up sfter 1 August, $5,000 less

before. e s o s

Superconductivity market: 1986-2005*
Level of
3 million sctivity
End-use industry 1986 2005 (worldwide)
Electronics 40 400 Very hagn
Inscrumentstion and
medical 200 780  Hign
Aerospace and defence 25 350 Moderately high
Industrial Y1 200 High
Pover generation <5 50 Very low
Transportation €5 ___ 20 lov
Total 3290 $1,800

Scrategic Analysis, lanc.

Earliest applications of nev superconducting
materisls will be in retrofit of existing designs for
products such ss medical i1msging equipment and
selected tast sections of nigh-energy accelerators.

Another practical spplicscion getting attention —
and funding from the US Navy - is development of
superconductor-based eleccric povered submarines snd
ships.




Doaald Gubser, wio tuas tne Naval Research
Laboratory's superconductor programme, predicis the
Navy will be making motors with the new
superconductors by the mi4-1990s.

Joinwng tne effort to organize superconductor
tesearch into focused working groups is MIT. Its
plans involve forsing a large-scale regional resecarch
organization, perhaps in the form of a Mational
Science Foundation-sponsored sciesce and technology
ceatce. (Extracted from Inside RED, 29 July 1937)
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Sumitomo Cement nas developed high purity
alkoxides of transition elemeats for use in hign-
temperature superconductors. The 99.9-99.999 per cent
pure alkoxides include titanium, tantslum, niobium,
zirconia, iron, aluminium, silica, tungsten, gallium,
tin, yttrium, barium and ccpper. High purity chloride
aahydeides are used as rav materials, and are reacted
vith alcohol and ammoais to form the slkoxides, which
are available as liquids or powders. Hydrolyzing in
alconol produces a gel-like material that can be
sintered into ceramics. (Source: Japan Cnem,

9 July 1987, p. 5)

Electro Tecnnica. Laboratory (Japan) nas
developed a mecallic superconductor that operates st
room temperature wilh no need for coolants. Strontium
is sdded cto standard "vars" semiconductors -
comprising bariym, yttrium, oxygen and copper - Cthst
operate at -180° C. In the UX, Cambridge
U iversity, Ceneral Electric (UK) and other firms are
co-operating vith each other and witn Electro
Technical Laboratory to develop supercoaductors. Ia
preliminary tests, ETL's material vemained
superconductive for one day, longer than in similar
reported instances but not long enocugh to have
commercial applications. (Source: Financial Times,
Loandon, 28 August 1987)
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Intermagnecics Ceneral introduced a
superconductor tester

The nev unit determines the potentiai and
characteristics of material sample; of
nigh-temperature superconductors. Called
Superconductor Characterization Cryostat (SCC), the
unit was designed to provide s method of producing the
low-temperature environment needed o test HISC
superconductors. It is designed for basic macerial
measurements, superconducting electronic studies and
power applications studies. It requires no cryogenic
liquids. It uses industry standard fundamenctal
weasurements at closely controlled temperstures from
12-350* K regulaced at p/-0.5 X scability. The SCC
can also be used to detecC very small fractions of
high temperature superconductors in otherwise non-
superconducting materials. (Source: Electric News,
28 September 1987, p. 133)
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Superconductivity probably does not exist sbove
250 K, sccording to IbM researchers. Aay findings of
superconductivity sbove this temperature msy be
ascribed to measurement error. Researchers have
become increasingly scepticsl of reports of
superconductivity st cemperatures over 250 K, because
the transient observaCions are not reproducible. Tne
apparent superconductive signals can de atcributed to
changes in the resiscance of the contacts betveen the
electrical leads and the sample, and the heterogeneity
of the samples can produce mislesding electrical
signals. A.W. Sleight of DuPont agrees vith tne IbM
cesearchers, saying that months of work have not
uncovered any evidence for superconductivity over
200 K. 95 K remsins the highest Cempersture #t vnich
superconductivity has been confirmed. Still, lsn's
J.b. Torrance says that n' per tesperature
superconductors sight stisl be found someday.
(Source: C & E News, 7 Septesber 1987, pp. &, 7)
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Japan aims to develop single-crystal and
thin-file superconductors. The Science and Techmology
Agency's Mational Reseacch Institute for Metals
(MRIN; Tokyo) hopes to lauvacn s $140-millioa,
five-year programme in fiscal 1988 tnat would produce
single crystals for nigh-speed nstrumentation, and
thin films for more—power ful magnets. MRIM plans to
develop crystals dy lovering the solulion Cemperature
to generate crystsl forwation, using zone melting
{(neating a matecial to vemove impurities), aand usiang
Czochralski techniques (crystal growing by seeding a
molten batn).

The lnstitute's film effort iv likely to focus
on: sputtering for substrale production;, precisely
coatrolling the amounts of yttrium, copper and barium
pcesent; and lovering the sintering temperature from
its current level of about 700" C. (Source: Cnemical
Engineering, 20 October 1987)

L I I N
Japanese progress

Japanese researchers have been piling up pateats
for superconductor materials and devices. They nave
filed more than 1,500 applications with the Jspanese
Patent Office. Sumitomo alone nas 7U0 of them.
Granted, Japan avards patents to the first coupeay to
file, so they nave reason to get Cheir applications in
the meil. bdut the amount of sctivity is
extraordinary. Here are some of the results:

Supercoaducting films can be made by dipping a
zirconia-based vafer into a molten solution of yttrium
stearate, naphthnenic acid barius, and naphtnenic acid
copper. The resulting film is 2 ptnick, and
superconductive at 90° K.

e Industries is also interested in thin films,
but plans to stick to more conventional semiconductor
techniques. It hopes to optimize 3 ceramic
superconductor that can be spattered onto s
substrate. Critical temperature should be 90° K.

MosC interesting breakthrough is an optical
switching device that uses an amorpnous film of naigh-
temperature superconducting cerssic. While 1t is
still in the basic resesrch stage, early results show
promise. Researchers are very close witn their dats,
but superconductors could be used to rapidly transmic
optical signals into digitsl electrical pulses.

(Source: High-Tech Materisls Alert, Occober 1987)
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High~temperature supercoaductors could be vortn
$3-7 Fx“'lmﬂ ear, sccording to P. Winson of Oxford
fnstruments (UK), Ssles of superconductor products
are currently sbout $750 million/year.
Superconductors are suitsble for any spplications
fequiring Craasmission of electricity over large or
swr .l distances. Superconducting coil magnecs can
produce strong magnetic fields without requiring large
amounts of energy, and so could be used for msglev
vehicles, particle accelerators or NHMR scaoners.
Magnetic fields can be used to switch the
superconductivity on and off, so sllowing
superconductors to be used for transistor-like devices
and Josephson junctions. Wi gh-tempersture
superconductors could easily displace low-temperature
superconductors in their current appiications, se
liquid nelium coolant could ba replaced by the much
cheaper liquid nitrogen coolant. Tnis would reduce
the cost of operating an MR scanner UKC(L7,00u/year.
Planners also esCimate £nhat high-temperature
superconductors vill make it cneaper to build and
operate particle sccelerators.

le is not yet clesr, hovever, what properlies
nigh-temperature superconductors wiil have wnen chey
become commercislly svailable or how they can be
processed into useable products. IBM says current




density of 10U 00U amps/sq cm are possible, sufficient
foc most applications. Clarms of superconductivily at
tempecatures of over 0 C nave yel to de verified.
Superconducting elestric tcaasmission lines could save
enough in teansmission losses to equal che power
sutput of 50 US pcwer plants, sccordiag Lo researchers
3t Srooknaven Kaziomal laboratory. Supercoaduct:iag
cable could also eliminate the need for vooster
stat:ons aloag communications cables.

Plasma spraying has alveady been used by IBM to
deposit thin coats of supercoaductors on a substrate.
Sueh Soatiags MigNt act as magnetic shields im power
generators or compuler chips. But the Ctechnology
cannot be commercially iatcoduced until it is
thoro:ghly tested. Producieg unifors matecials wita
the proper characteristics may be difficult. The thin
films might also be adversely affected by small
magnetic fields. Ecching supercoaducting films for
computer chipe is also a difficult cask. The
brittleness of ceramics mignt limit their use im
cable, although a polymer binding mignt soive cthis
proolem. Superconductors might not be commercially
profitadle for at least 10 years, accordiag to Oxfocd
Instruments. And developing the lstest generation of
supercoaductors mignt be made odsolece if
room-temperature superconductocs can be developed.
Meaawnile, Japsnese firms are pushing shead to develop
3 superconductor computer by 1991. (This firsc
appeared in New Scientist, londoan, the waekly review
of scieace and technology, 22 Occader 1937)
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Ceramic superconductor commercialization woviag

swviltly

The first cownercial products coming since tne
announcesents of superconductivity above 9 X are
nitting the market. Aside from the aumber of firms
offering macxet analysis for dollars, and tne few
publications containing comprenensive veports of the
science and engineering involved, some firms are
producing commercisl products based on ceramic
superconduyctors. Kawasaki Steel Corporation indicates
1t has establisned a basic tecnaology for
manufacturing commercial quantities of ceramic
superconductor wire with 93 K traansition Ctemperatures.
Current carrying capacitly however is repocted at oaly
<10 A/cm?. Mitsubishi Metal Corp. has stacted
snipping ceramic supercoaductor sputtering tacgets Lo
firas interesied in creating tnin films for SQUID
devices from the materisl. Americen Superconductor
Corg. nas been founded wicth the sole purwse of
exploiting the nev tecnnology developed by MIT - tne
oxidation of metal wires based on the Y-Bs-Cu
composition whicn will form the superconductor after
axidation. Cuernsey Coating laboratories 1s gearing
up to begin costing msterials vith ceramic
superconductors for reseacch purposes. Similarly,
Superconductive Components has indicsted it will be
producing ceramic superconductors for research
scientists Co furcner study. These firms hope Co
capitslize on the need to have reliadble superconductor
properties for further anaslysis rathe- Chaa consctantly
tnhrowing the efforts of physicists into msaufecturing
tecnnologies slready known by cersmic engineers.
dther firms being founded on venture capital, such as
Conductor Technologies, Inc., plan to wait uatil tne
technology begins to mature before setting up
laberatory and manufscturing facilities, believing the
discoveries of higher and higner T, superconductor
materisls are yat to com. (Source: Ceramic
Bulletin, Vol. 66, No. 10, (1987))
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Superconducting transmission lines could be builc
to carry WO times more digital daca than opticsl
fibres because the shorler the pulses, the more
informecion can be sent. Tne nev 90 X superconductors
can carcy electrical pulses as snorc ss 1013 picosec
vithout absorption or distorcion, 1mpossible witn
today's transasission lines. One superconducling dats

b33

transmissioce line could casry wup te 1 trillioa
bits/second of informati~e, accocdiag Co C. Mowcou of
the University of Rochester. Moucow et al wocued om a
thin film of yetriws-varium-copper oxide “hat mad veen
grove om an yttriwe—doped xirconium oxide swubscrate by
physicist R. sukrmen’s group st Cermell Wn:versity asad
patteraed into & high-speed circuit at Cocmell's
Maci1onal Mamofadbrication Facility. [ne thin film was
growa, via vapour deposilion, at U0 C, lover taana
the wsusl temperatures required to make Cthe ceramic.
This means cthat the msterisl cas be produced as part
of an iategrated circwit with less likelihood of
daasge Co other caip compoments. (Soecce: C 4 E
Nevs, 12 October 1987, p. 16)

A theory that the property making s receatly

drscozered ceramics family supercoaductiag wosld

prevent ‘Aem from carrying hign e.ectrical cutrents
nss been I«T.Iml T ll.iT (&l’lm, HA) and
Princeton University (Princeton, MJ), according te tae
soston Clobe. If pcoved, tne theory could stop tne
womentym to make practical use of the nev
supercoaductors, especislly cheir ability Co carry
electricity wvith ao loss of energy at very hign
temperatures. Laboracocy sClemtists have ooC been
able to tun large electrical curcents TATOUgh The new
ceramic compounds, and fors powerful magnetic fields,
vithout losing the materials’ ability to sttain
superconductivity st 100 K. The researchers have
found, vhen a large current is passed tarougn tne
ceramic matsrial, the electrons jusping betveea
crystals ead up bumping into each other and losiag
msch of their emergy, the materisl developing
electrical resistance and losiang its sbility te
supecconduct. MLIT ssid & cemedy would be to develop
ceramic crysials oriented so all planes sre parsliel
to each other, but “there msy be fundameatal limits to
what caa be overcome™. (Source: Metalveek Nevs,
16 Buvember 1987, p. 36)
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Supercoaductor contact resistivily cut

Electrical applications of the aev hign-
tempersture superconductors are being stymied by the
RigA-coatact resist .ace RSt occuts where aocmsl
matsllic vire is sttached to tne sewperconductor.
8 tesearch tesm has developed s way to sake sucn
connections $o tnat the comtsct resistivicy is about
1072 ons 5q. cm. at 76 K - three to four orders of
magnitude lower tham in coaventiocaal comtacts.
Moceover, the connection is Schieved below 2W° ¢,
which nas importsnc sdvantsges over higner-temperature
processes. Tne metrod descrided by Jack W. &xun of
MsS's laborascory in Boulder, Colorado, and
Armand J. Pansoa and Betty A. slaarensnip of
Westingnhouse RAD Centre 1a PirCsducgn consists of
three parts: minimizing Cthe superconductoc surface’s
exposure to air before the contact is msde, sputter
etching the superconductor surface Lo rewove the
degraded surface layer, and then immedistely
depositing & thin layer of silver or gold to protect
the surface :1d serve as & coatsct pad. Of tne
14 contacts msde usiag the nev msthod, the resesrchers
say, all shoved consistently low resiscivity during o
four-wonth exposure Lo dry air and cycling betveen
voom tempersture and 76 K. (Source: Chemical and
Engineering, 23 Noveaber 1987)

Hunt goes on_for superconductivity patents

All over the vorld, research scientists sre
itehing o get Cheir hands ca tne patent applications
which IsM nas filed on its nev materials for high-
temperature superconductivicy. They wsat Co xnow wnat
materisles and electronic davices 1sM will de sdle Co
wonopol 1se. [BM, hovever, 15 playing & snarp ses ¢o
try and concesal what others vant to know.

dov,

Tne supsrconductive materials known before lon's
discovery lost the': electrical resistance only st




23° C sdove absolute zero. Geecg Bednocz amd

Alex Meller, at IsM, discevered 3 mev class of
saterials Which wock ia the same way at higher
tempecatures. Lo Octoder chey received the Nodel
Prize for Paysics, s0 any pateals must ssme bedaoce,
Mueller o (BN, So far Chough, B0 such pagents have
deen filed.

The discoverids posed InN a dilemms. To protect
the breaktncoughs, the coapeny must file patenc
applications. Filiags ia the US are secure decause
they ate not pudlisned uatil gramced. La Eucope,
nowever, sll patent applications are published after
I8 moaths, so0 say secrets are revealed.

The loager (Bt delayed on filing, the longer Che
secret could be kept. Delaying, hewever, is & risky
goam. Someome ¢ise may Bit om tne same idez and file
quickly, excluding InN.

bednocz aad Mueller mde their first discoveries
in Januacy 1966 and have been letting iaforsstion
filcer gut ever sinze. [f IBNM nad filed immediately,
patest applications would by sov have shove wp. But
I3 will not have dared Lo wait uatil the public
moouncemeats vere made because these would isvalidacte
any pstent subsequently filed. TInersfors, publicstien
of the pstents is likely to take place in tha first
nalf of 1988.

Searchers watching out foc the Bednocz and
Mueller patents should be oo their guard agaianst a
clever ploy used by IBN seven years ago. IbN then
succeeded in hiding its pacent oa Che qeiterom, a
possible replacement for “he tramsistor, by filimg ic
as 8 European applicatioa written in Cermsa rather
thaa in Englisn. ([t sat uaread oa library shelves for
tvo years.

As tne work ou superconductivity was done at
Isx"s Research Centre in Zurich, Che company may well
tcy €0 pull the same stuat agsin. HNeaawnile, Japsnese
companies are filing nundreds of petemts celstiag Co
vork oa supercoaductors. (This first appested in New
Scientist, London, the veekly reviev of science and
3 Togy. 26 % ?. 1987.)

Japsr: Aa organic material cnat is
superconductive at 10.4 K kas been developed by
researchers at the Iastituce for Solid Scace Physics
and Tokyo University. The materisl is called
SEDT-TIF, sad is based on bis{ethylenedithio)-
tetrathiafulvalene cations sad bis(thiocysnato) cupric
acid aniocas. The nev organic supsrconductor is easily
separated. (Source: Japan Chem., 10 December 1987,
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$l million study o“ markets for supercoaductivity

A $1 million superconductivity market researcn
programme has been lauanched by the Department of
Energy and tne Eleccric Power Research Inscictute, Palo
Alto, California. Funding will de split evealy by DOE
snd EPRL, vacn all but $75,000 of the fedsral funds
coming from the fnergy Conservation aad Utiliszscion
Tecnnologies (EQUT) Office.

Tncougn the end of June, DOE, EPRL, several
aational energy laboratories, led by Oek Ridge
¥acionsl Ladorscory, sad Bsttelle Mewmorisl
insritute vill study pover electronics, magneticslily
levitated crains, small ¢lectric motors,
eleccromegnetic pusping, snd magnetic materisls
processing and fabrication. One application wvich
direct besring on renevable energy is superconducting
magnetic energy storage, which could Relp the
economics of remotely site lants. (Source:

[aternsctionsl Solar Energy Incelligence Reporc,
77 December IIB)) s Sapott

fully sutomsted superconductivily test system

Chino Corporscion has developed sad put on the
sarket 8 precision "supsrconductiviCy test system”

that is designed o trecally e th :raticsl
tempecatuces of several Jupercomnduciing speCimenls
siumsltaneously.

Tae system vas developed by draviag oa cryegeaic
acasucenwenl techaslogy relaciag to temperature
calidration equigmeat. The tesling Systes is
essentislly & ctyogenic Camperstuce measwcewent system
vith & raage of I3~ 3GU° K. It cemsists of &
Cemperature arasuremtat semsor, & CAT (eor data display
and a neliwm cicculatiea cryogesic refrigerator taat
15 used for cooling. The system is capsble of
mtasering critical temperatures fully astemmticslly oy
seans of the electric cesistance method and
electiromagastic iaduction sxinod .

Mhea msaswring by Che electric resiscance method,
toc exsmple, it is possible to select esither the ¢.c.
four-probe wetned or the a.c. bridge method. Ocner
atthods are also svailable such as the hystecesis
axaseremeat 8ad cyclic measurement eetheds, Chreugh
which the properties ¢f specimens can be exhaustively
examined. Up to six speciments cas be messwred
simultancously by this electric cesistance method, and
evaluation Ctests cas be conducted very effectively.

Mmother distinct advantsge of this test systesm is
that the senser uses 8 platinum—~cobsit (Pt-Co) slley
resistasnce thermoaster. This resister features
excelleat stadbility aad duplicity of weasurements, by
wvhich precisice messurtemests sre possible o sa
accuracy of + 1.5 K.

Speci fications

Neasuremeat method: Elrc?ric resistance method:
d.c. b-prode metim d an¢ 4-wire a.c. Bridge sethod

Electromagnetic iaduction method: MNactshaoca
aethod

Temperature weasurement range: 15~ 300° K or
1IMI K

Semple holdiag space: 23f x 45 mm (15~ 360" K
tyse), 40g x 45 ms (25~ K cype)

Nusber of messured samples:
Electric resistance method: 6
Electromagnetic inductance sethod: 1

Tesp. measuremsat sccuracy: * 0.15° K
Control stability: + 0.01° K
Resistance measurement sccuracy: ¢ 0.3° A

Time required for temp. fall: adout two hours
(300° =n5° K).

(Cnino Corgoraction, lacternstionsl Div., i-1,
Wigashi-Ikebukuro J—cnome, Toshima—ku, Tokyo)
(Source: JETRO, December 1987)
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Ircadistion of ceramic oxides with fast meutrons
yields supsrcoaductors with zero electricsl resistsace
fesr room tempersture, according to R. Yosnida of the
University of Kyoto. The ceramic oxides maiatsia tRe1ir
superconductivity for at least 43 days. Irredistion
raised the superconducting Lemperature of yteriue~
bariva-copper oxide from 90 K to 200 X and cnsc of
erbius-beriva-copper oxide from 90 V. to 270-290 K. A
semiconductor made of lsnthenum~bar iue~ copper oxide
becsme superconducting st 271 K sfrer aeutron
bombsrdmanct.

Mixtures of the various rav meterisls vere
calcingd st 800° C for 10 houss, ground end sintared
st 300° C for 25 mours andé irradisted ia & 5 Wit
muclesr resctor. The ceramic oxides were cooled ot
~15%° C to 54" C ia helivm to prevent nydrstiom.
Yoshids does noC yet know why isradiation enhences
suparconductivity., (Source: Chemicsl Esgineering,
? Decamber 1987, p. 18)




Copoer oxide-based materiasls for
supercoaducting above vater's boiling poiat Rave been
odserved by A. Erdil, » Ceorgia Tech. physicist. Ma
said the materials made several times in the
laboratocy seem to be stable and reproducibie.
Sipecionductivity vas seen im several diffecent copper
axide compound samples that stayed supgrcoaductive at
up to 350 K, the nighest level yet ctepocted. Oue to
the danger that tempersture fluctustioss could push
the materials deyoad the temperature at which they
lose their special features, superconductors would be
opecated under the transition temperature attained at
Ceocgia Tecn. Wien a 50U K ctransition Cemperature,
tae superconductor could safely de operated at voom
temperature or 300 K. (Source: HNetalveex Mevs,
7 December 1987, pp. 8, l?).
-

Sev recipes create chesper superconductocs

Two research groups have developed independencly
supercoadicting materials that work at hign
temperatures but contain (ar cheaper constituents thaa
existing rare earths. One group is at Cthe Universicy
of Houston in Texas and the other st the Institute of
Mecallic Material Researcn in Japan.

Their msterials differ slightly in composition
and superconductive tempersture. Both counduct
electcicity without resistance somewnat sbove the
90 Kelvia (-183° C) superconducting tempersture ~f the
best-known Righ-temperatuce msterisl, ytiriwa-darium-
copper oxide.

BOCR groups clais that their meterials ste
scable and that their results are repeatable - key
problems vith amateriasls that have been the subject
of otner recent clsies of superconductivity above
90 K. Researchers hope tnat by avoidiag the need
for expensive race esrths, the costs of high-
teaperature supercoaductors could fall dramstically.

Paul C.W. Chu's group at Houscon, which sparked
the curcent frenzy of activity oa supercomductivity
wnen it discoversd the yCtrium-dariua-copper oxide
supsrcoaductor a yeac ago, has found chat acomic size
and valence strongly influence supecconductivity.

The US Companies:

The group tried cnamgiag Che compouwad’s
compositiva aad structuce by swbetitucing eclemeats
vith similar valamce sad atomic size to Care sacths.
The researchears found that a compound of bismstn,
aluminiem, stroatiem, calcivm, copper snd exyges
starts to become supercoaductiag at lls K (-15y° C).

bigmth and asluminiva replece the rare earth
ytiriva, while stromcive amd calcius veplace bariva 1n
the original compound. Like the carlier coapoumd, the
sev material is gramulac, altmough its exact
composition i: mat yet clear.

Js Economic Mevs repocied ea 21 Jamuary that
. Maeda's group at Tsukuba has developed a sim:lar
material containiag bissuth, stromtium, calcium,
copper and Ixygen, dbut mo alusinive. Its farst large
drop ia coaductivity vas st 120 K, eadiag wita full
super-couductivicy at 107 K. Cau doubts waether
aluminius plays an impoctamt role ia cthe Houstoo
esterial, snd says thst nis findings "appear ia
agteement” vitn the Japanese results. (This first
appeared in Nev Scientist, Loadoa, the veekly review
of science and techaology, » Februwary 1988)
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7. WG TEGMOLOGY BUSDIZSS CUIDE

High 'l‘:cn-olm business ' Guaide Lo
upercoanducting

The following directory lists the &8 compsnies
activz in superconductor vesearch aad sales around tne
world. Alphsbetical listings withia categories -
United Scates, Europesa, Jspanese, or sterc-up
companies - represeat TRz full spectrus of
superconductor sctivity, froe ssall eatrepcemeurs co
large corporsticns doing small-scale resesrcn to major
pleysrs slraady profiting from this growing
technology. The List iacivdes sll cospanies our
researcners could find, no watter aowv significant or
insigaificant tReir Current programmes wsy appear.

STAFF SUFERQUNDUCTOR
COMPANY OFFLCERS FiNaNCING (SUPERCOMDUCT ING) ACTIVITY
1. Assricas Magaetics Kenneth Effecson, Privately owned; 20 burlding custom nioh _um
sox 29 president ssles of 31 millioa superconducting magnets sad
Osk Ridge, TH 137831 Robert Jake, v.p., to $5 millioa instruments for research
(615) 582-1056 general manager use; putsuing the
E.T. Hensom, v.p., specisity-magnet market.
warketiag sad sales
2. ATST bell Labs/ Roberc Dymes, director, ATST subsidiaries; o0 Ia superconductivity
Bell Commmicstions chemical physics bell Labs has an tesesrch since 1950;
fesearch (Sellcers) research sonual budget of developed niobius alloys,
600 Mountasin Ave. Donald Mucphy, hesd of $2.25 billiom, d1d early vork on Josephson
Murrsy Hill, solid-scate chewistry 10 per cen’ junctions. Made major
B V7976 research dedircated to basic contridbutions o the
{201) 542-3000 Paul E. Fleury, director, resesrcn discovery of nigh-
physical resesren temparature Ceramic
Laboracory supsrcoaductors. Curreacly
pursuing DasSLIC TesEarch.
3. bechtel Maticasl Robert J. loyd, Privacely held; 6 (more expected Developing IMES es parc of

box 1965 project msnager, sales of
San Francisco, Superconducting $140 wmillion.
CA %119 Ragnetic Energy SMES contract

(215) 768-1234%

Scorage (SMES)

vorth more than
$10 willion

in early 1988)

the Scrstegic Defense
Iniciative;, may use
experience to enter
commercisl utility sarxec.




The US Companies [continued}:

ST SUZE2CNDUCTOR

COMPANY OFFLCERS FINANCING (SUPERCOMDUCT (NG ACTLIVITY

+. Biemsgmetic Stephan O. James, Privately held. [ 3] Market:ag SQUIDs and
Techaologies pcesident, CEOQ Raised $5.2 millioa related equipment ,

417% Sorrento William C. slack, ia fivst-rowmd inclediag its Newre—
Yalley bivd. senioc v.p. financing in 1985, sagnetostter for observing
San Diego, Ch 92121 Eugene Hirschkoff, v.p. $4.2 millioa in bdrain fuactions. Seeking
(619) &53-6X300 operations second round, 1987. partnership vith medical-
Projecced 1987 equipment compeny to sell
revenues, and suppoct pcoducts.
$3.7 million

5. E.L. Ds Pomt de Edvard Mead. manager, Listed oc Mew York 3o Atrempting to apply its
Memours superconductor business Stock Exchange. expertise ia chemical
1007 Markec St. developmenc 1986 escnings, processing to the large-
Wilmington, fsdolph Pariser, $1.1 billion; scale production of
DE 1989 dicector, advaaced sales, sepercoaductors. Waats Co
(302) 714-1000 maceriasls researcn $29.4 bilizoa supply Righ-temperature

Arthur W. Steignt, supercondsctor msckets
vesearcn leader a8 They emerge.

6. Emergy Comvexsiom Stanford R. Ovshinksy, Traded on NASDAQ. About 1U Studyiag ceramic and aiodium-
Devices pcesidenc, CEO Fiscal 1986 aec based superconsuclocs.

1675 4. maple Rd. Stephen J. Hudgens, loss of Developed 8 process for
Teoy, 41 46084 v.p-, RAD $27.9 million on sixing fluoride vith ceramic
(313) 260-1900 Rosa T. Young, revenue of for migher—tempecature
sT. scieatist, $21.1 silliom; supecconductivity, but
group leader supercondsctivity process not iadependently
vork incernslly verified. Ploas to licemse
funded at fluorinacion techaology if a
31 million wacket develops.

7. [Eriez Megaetics/ Chester F. Ciersak, Privetely neld; 10 Designed snd installed the
Eviex Mamufsctur ing prasident $40 million ia f1rst saperconducting sagnet
Asbury Road at Jerry Selvaggi, sales for industecisl vie, o
Arrpore, consultant/engineering separator that removes
Erie, PA 16514 maiager impurities from clasy. Plsas
(814) 83)-9381 to compete wvith

conventional separacors chac
temove particles from
vaste vatler

8. Ford Motor Jonn McTague, v.p., Traded oun Wew York 5 Wocking vitn Detroit's Wayue
sox 1899 Tesearch Stock Exchange. Scate University on nigh-
Dearbocn, M1 #8121 Macga Roberts, director, 1986 esarnings of temperature superconductors.
(313) 322-3000 chemistry aad physical $3.3 billion on Looking for electronic

sciences sales of applications that vould be

Craig L. Davis, manager, 362.7 billion pursued by 1ts Aeronutromic

pnysics dept. Division in PBewport seacn,
Calarf.

9. CA Techaologies/ Tiniro Ohkawve, Privately owned; 100 Designing sad building
Applied vice chairmsn 1986 ssles of specialized magnecs. CA's
Superconstics Kenaetn Parcaia, $154 million subsirdiary, Applied
Box 85608 presidenc, Superconetics, sells msgnets
San Diego, CA 92138 Applied Superconetics for use in asgnetic-

(619) 452-34C0 John Alcorn, manager, resonsnce imaging. Stroang
Superconducting candidate Lo supply magnets
Magnet Croup for the Super Collider.

1C. Cersecc Mmil Trivedi, sssisteat Parent company, 10 co 20 Developing s fine-grained
Box 92248 asnager, sdvaaced Alligd-Signal, on supsrcoaductor ceramic
les Mgeles, applications Nev York Stock povder for electronics and
CA 90009 Exchangs; GCerrect industrial use.

(213 776-10W0

ned 1986 sales of
$2.15 billion




Tae U3 Companies (continved):

STAFF SUPFERCOMDUCTOR

COmPANY OFFLCERS FIiASCING (SUPERCOMDUCT IXG) ACTIVITY

il. Gessral Dysamics Davi¢ Walzer, cnief, Traded oa New York &0 at peax; Bailt large magnets for
Space Systems D designs Stock Exchange. aov oaly a fev Department of Eaergy
Division Rodbert Jonnsomn, programme 1986 reveaues, prepariag cesearch programmes; way
0L Xeazay mANa ~r, energy $8.9 billion; loss proposals use expertise to supply
Villa ad. programmes of $63 willioa due sagnets for the Super
San Diego, CA 92123 to $42C-wmillzon Collager.

(619} 572-8000 wite-olf of
putchase price of
Cessna Airceafc

12. Cemeral Electric Joha Traa:, sc. v.p., Traded on Mev York 20 at RAD Supplyiag sagnetic-

Medical Systems geoup execulive Stock Excnaage. Center; tne tescnaace-imeging equipment.

Group Nichae. J. Jeffries, 1986 eacmings of Nedical Systems Tne RAD Center developed

box ai& RLD mmager, $2.5 villion on Ceoup employs supetconducting gemeratocs

Milvaukee, WL 53201 GE R&D Center sales cf several amdred and is wur-ing oa

(514) 5%4-301) $35.2 billioa nigh—temperature cerasic
superconductors.

1). Genersl Motors Donald J. Artwood, Traded on lew York b Q1 Resescca Lads is
Tecnaical Center vice cRairesa Sctock Exchange; developiag ways Co deposart
30200 Mound M. Robert Frosch, v.p., 1986 earmings of thin files of ceramic
darren, NI 4090 GM Resesrcn 42.9 billica oa superconductors oa silicon
(3t3) 575-1188 Labocatocies earninss of vafers. las demonstrated

$102.8 biilioa a setallo-organic deposition
technique that lays down
filas vithout the use of
vacuum.

14 lypres Ssdeg M. Faris, Privately held; 75 Produces & commercial
500 Executive Blvd. president, 2O venture funding of Josephsom-juaction sicrochip
Elms focd, SY 10523 Cerald M. Haines, $2.2 million in chst 1t uses in electromic
(91%) 592-11%0 v.p., CFO August 1983 and 1astruments. Plaas to

Eric Hanson, v.p., $6.4 million 1n AnCroduce BOTE SuCh devices;
product development December 1935 seeks partaer to develop and
market 2 computer.

15. Isn Prauveen Chaudhari, Traded on Nev York Mot availadle 3Studying high-temperature
Watson Rasearch v.p., physical- Stock Exchange. materisls to achieve

Center sclience research 1986 earnings of superconductivity at roos
sox 218 Alex Ralozemoff, 34.8 dillion on tempersture.
Yocktown Heights, co-ordinstor, revenues of
Y 10598 superconductivity $51.2 billion;
(914) 965-3000 prograsme 1986 24D end
engineering budget,
$5.2 billioa

16. Intermsgnetics Carl Rosaer, chairman, Traded on NMASOAQ. More thaen 300, Tne leading US maker of vire
General president Lost $3.9 aillion including and cable, and magnets for
Charles Industrial €. Richard Mullen, on tevenuss of production commercial snd resesrcn

Park Sr. v.p., operations $14.3 million ia vorkers markats. Sav 1937 loss
Box 566 bruce A. Zeitlin, v.p. 1987; 1986 profit after its largest customer,
Guilderland, materisls techmnology of $1.6 million on Johason & Johason,

NY 12086 revenues of discontinued product line.

(518) 456-5456 $21.2 million Positioned to be Leading
supplier of magnhets for tne
Super Collider.

i7. Microslectromics Grant A. Dove, chairusn, Owned by 7 Co-ordinates research
aad Computer ceo consorCium; eafforts of slectronice
Technology sercy Whalen, v.p. $73 million companies that own it.

3500 W. salcones Harcy Kroger, cechnicsl operating budgst Developing high~tempersture

Centre Dr. director, packaging superconductors for

Austin, TX 78759
(512) 3e3-0978

snd intercoanects

eleccronics peckaging and
wnterconnects. Seeking nev
participants.




The US Companies (coatinued):

8150 Zionsville M.
Indisnapolas,

N 46200

(317) 8712-6109

unavailable

STAFF SURRCIDUCTOR

COMPANY OFFLCERS FINAMCING (SUPERCONDUCT ING) ACTIVITY

18. Quastws Dnsign William B. Lindgrea, Privately bheld; 22 Making instrumeants that
L1578 Socreato pcesident , recently topped weasure magnetic properties,

Valley RMd. general manager $1 milliom in using SQUIDs from
San Diego, CA 92121 Michael ». Simminds, amnusl sales Biomsgnetics Technolog:ies.
(617) 481-5400 v.p. A subsidisry, Quentum
Magnetics, will market
additional SQUID—bvased
instrumencs, including
a Tust detector.

19. Sepercos James Wang, president Privately neld; 3o Manu facturing aiobium-alloy

830 soston Eric Gregory, v.p., aonual sales of wire and cable. Sepplies
Turapike M. general wmanager 31 milliocn teo researcn lsbs, GE, and GA
Sarewsbury, $5 millioa Techuologies. Manoeuvering

MA 01545 €0 supply the Super
(617) 481-4400 Coll ider.
842 Ci746
20. Teledyne Al Riesen, president Tcaded on dew York 10 in RAD; ieading supplier of miodbium-
Wah Chang Aloany Chet Leroy, v.p., Stock Exchange. many more in alloy vire for maygnets msde
Division techoology Esrned $129 million productioa by companies including
pox 460 on sales of Oxford, Intermagnetics, and
Albany, OR 97321 41.6 billioa for Supercon. Plams to be
(503) 926-4211 the first nalf of =a jor supplier of vire for
1987 magnecs in the Super
Collider.

2t TRW Williaa Simmocuns, Traded on ¥ev York About 20 Reseasrching Josepnsoa-

1 Space Pack director, group Stock Exchange. junction circuits for the

Redoado beach, research 1986 earnings of Defense Department. Witl

CA 20177 Arnold Silver, head, $217 willion on develop products for

(213) 5354321 superconducting sales of ailicary sad aerospace
electronics $6.4 billion markets .

22. Westinghouse John Hulm, director, Traded ca Mev York 7 Resesrching high—temperalure
Electric research Stock Exchange. ceramic superconductors;
Research scd Richard D. Blaugher, 1986 earnings of developing Josephson-

Development Centre manager, cryogenic $671 million on junction technology for the
1310 Beulanr M. techaology sad tevenues of Air Force. Well positioned
Pictcsburgh, electronics $10.7 billios to be a major megnet
PA 15235 Alex Braginski, manager, supplier for che Super
(&412) 256-1352 superconducting Collider. Superconducting

materials gmerator technology may
interest Cne Navy.

Ine Starc-ups-

2). Americas George McKinnay, Privataly held; 4 Holds s license on an MIT
Suparcoaductor president $46.35 million from process for msking ceramic
21 Erie St. Terry loucks, v.p., Americsn Resesrcn vire and tape; plans cto
Casbridge techaology & Development, open pilot planc in 1938
MA 02139 Frencis Hughes, Rothechild o produce vires and
(617) 499-2600 tressurer Ventures, and ¢cibbons, windings for

Venrock magnets, snd possibly thin
vires for electromics.
Significanc profits aot
expected for 7 to 10 yesrs.

4. AppliTech of M. Quick, founder Privately neld; ] Developing a process for
1odisas financisl data making very nigh-qualicy

cerswmic’, testing s laser
process for eliminsting
fiaws., Pilot plant expected
i two years.




The Start-ups (coantinued):

STAFF SUPERCONDUCTOR
COMPANY OFFLCERS FINANCING (SUPERCONDUCT ING) ACTIVITY
25. Arch Davelopmsat Steven Lazarus, Mon-profit; funded 50 scieacists Setting up a company to

and technicians

1115-295 E. 56ewn s5¢.
Cnicago, IL &U63T
(312) 702-7517

pcesident, CEO

scian R.T. Frost,
director, Technology
Transfer Ceater,
Argonne Mational
Laborastory

Janett Truhaten,
associate v.p. for
Research, University
of Chicago

by Argonne

Macional Laboratory at Argonne

and University of
Chaicago

develop s way o make
cersmic wire. Plaans to
license patents, form
co-upecative R&D
partnerships, and create
new cospanies.

26. Cersmics Process
Systess
840 Memorial Dr.
Cambridge,
MA Q2139
(ol7) 354-2020

H. Keat Bowen, chairman
Claytoa M. Christecsen,
president, director
George A. Neil Jr.,

exec. v.p.,
operations

Commoa atock
traded on NASDAQ.
1986 revenue,
$2.6 million; nec
loss, $4.1 million

As many as 12

Developing metal-ceramic
layeted packages for
integraced circuits. Wants
to Link marketing with other
companies. Focusing on
developing products that can
be made using micro-ssootn
sheet focrming, metal-ceramic
lsminates, and wolding.

27. Conductor
Techoologies
1001 Cannecticut

Ave, N. M.
Washington,
pC 20036
(202) 452-0900

Stephen J. Lsvrence,
presideat
laurence Storch, v.p.

Privately neld;
undisclosed amount
from private
sources

None full-time

Supports the work of MLT
researchers who are
developing electromic
devices msde from cersmc
superconductors; seeking
priority in licensing
resulting pstents.

28. Conductus

2275 E. Bayshore Bd.

Palo Alto,
CA 9,303
(413) 49%-7336

John Shoch, president,
CEO
Tony Sun, CFO

46 miilion in
ficsc-round
financing

Noae full-Cime

Developing fabrication
sethods using thin-fils
techniques similar to Zhose
used to produce
semiconductors. Exploring
very nigh-speed digital
devices, wagnetic field
detectors (SQULIDs) and other
sensors, and high-speed
electronic interconnections.

Electro-kinetic
Systass

701 Chestaut St.
Tranier, PA 19013
(215) #497-4660

19

Jack Reilly, chairman,
CEO

Burton Ledermsn,
director, R&D

Listed on NASDAQ.
Sales of

$2 million,
earnings of
$65,000

Developing cerasic-dased
materials that can be
applied as coatings and
which superconduct at
liquid-nitrogen tespersture.
Working with MIT.

0. Guernsey Costing
Labs

Sbbe McGracn St.,
Unic 106
Vencturs, CA 93003
(805) bb2-1508

Pecer Guerasey,
prasidenc

Sam Pellicori,
consulting physicist

Privately held:
sales of 3500,000
in optical
costings;
$500,000 in
venture capital

seeking

1 parct-time

An estadlished optical-
costing ladb, diversifying
1080 Ccustos coating wilh
ceramic superconductors.

31, Momolithic
Supsrconductors
Box 1656
Lake Oswego,

OR 97035
(503) 664-2974

Lawrence E. Murr,
owner, founder

Alan Hare,
owner, founder

Privately neld;
financial dste
unavailable

Developing s way to produce
bulk ceramic materisl by
using shock vaves to vond
psrticles, Seeking venture
caprtal snd co-operscive
resestrch to help
commercislize the tfechnique.




The Japanese:

COMPANY SUPERCONDUCTOR ACTIVIIY COMPANY SUPERCOMDUCTOR ACTLIVITY

32. Fajiteu Researching high-temperature 35. Kawvasaki Stesl Developing an experimental
Marunouchi Building cersmics, vith particular -2-3, superconducting vire made of
6-1 Marunouchi, interest in thin films. Working Uchisaivarcno cersmic.
t-choee on Josephson juactions to develop Chiyoda-ku,

Chiyoda—ku,
Tokyo 100, Japan
(03) 216~3211

a superconducting computer.

Tokyo 100, Japan
(03) 597-3111

3). Furvkawa Electric Major electrical cable maker; 3b. Matswshits Vorking oc cersmic thin filas
2-6-1, Marunouchi developing a ceramic-dbased, Klectric for silicon wafers, possidbly
Chiyoda-ku, cing-shaped superconducting Lodestrial leading to a grocess that uses
Tokyo 100, Japan sagnet. 1-1-2, Shibaskoen superconductors in integrated
(03) 286-3001 Minato-ku, circuits.

Tokyo 105, Japan
(03) 437-1121

J4. Hitschi Lesding developer of niobiua— 37. Mitsubishi Researcning supercoaductivity

Cenctral Research based Josephson junctions. Also Electric sicce 1958; experimeating witn
Laboratory developing cecamic-based 2-2-3, Marunoucni  cersmic-based, high-temperature
Kokubun ji, superconductors for electroanics. Cniyoda~ku, materials. Makes superconducting

Tokyo 185, Japan Hitacni Cable division makes Tokyo 100, Japan tape.
0s23~23-1111 x 3217 niobius-based wvire. (03) 218-2111

33. MeC Researching Josepnson-junction 41, Semitowo H1s more than 400 lJapanese patent
5-33-1, Sniba technology for computers and Electric applications in cersmic
Minaco—ku, other elcctronic applications. Industries superconductors. Affiliate
Tokyo 108, Japan 3-12-1 Moto-Akafaks Sumitomo Heavy ladustries is
(03) 456-1111 Manato—ku, building a superconduccing

Tokyo 107, Japan synchotron, expected by 1989,
(03) 423-5111 to etcn chips.

39. Mippon Steel Developing ceramic-based, 42. Tosniba Developing experimental ceramic
2-6-13, Otemachi superconducting vire. 1-1-1, Shibauca vire and tape by bonding
Chiyoda-ku, Minato~ku, superconducting powders inside a
Tokyo LU0, Japan Kavasaki 105, Japsn metsl capillary.

(03) 242-4111 (03) 597-7111

40. Wippoo Telegraph Pursuing Japan's largest
& Telephone development efforcC in
1-6-1, Josepnson—junction technology;

Uchisaiwaicho also experimenting with
Chiyoda-ku, techaiques for producing
Tokyo 100, Japan ceramic crystals and films.
(03) 509-5035

Ihe Europeans:

3. ASEA-Brown Boveri Researching high-temperature 46. Onford Instruments Has sbout 50 per ceant market
§-721 83 superconductors for use in Croup share in magnets for msgnetic-
Vafteraf, Sweden nigh-powvered magnets and Eynsham tesonsnce imaging; also makes
021-i0 00 00 generators. Oxford OX8 LTL, niobium—alloy vire and cadble.

England Expecced o become me jcr

&b,

b5,

Cryogenic
Consultaats
Metrostore Building
231 The Vale

London W3 7QS
England

01-743-6049

Cenersl Llectric
1 Scanhope GCste
London WIA 1EH
England
01-69)-8484

Cesigning a:d manufacturing
superconductor and
superconductor-cooling equipmenc,
including magnets for vresearch,
sinersl sepsrators, SQUIDs, and
related electronic devices.

Makes magnetic-resonance-
imsging equipment vith magnecs
from Oxford Instruments.
Researching high-tempersture
superconductors for use in largs
magnets, electrical machines,
and electronics.

47.

48,

(0865) 881-437

Plessey
Vicarage Lane
Ilford, Essex
IGl 4AQ, England
0l-472-3040

Siemsss
Wictelsbacher
plats 2,
Minchen
Poetfach 103,
D~8000 1
Vederal Republic
of Cermany
(089) 234-10

supplier of vire and cable for
magnets used in the Super
Collider.

Developing ceramic
supercoaductors; studying
applications in electric-pover
cables, Josephson-junction
circuits, SQUIDs, and thin filme.

A lesding builder of
superconductor magnet systems and
sagnetic-resonance imaging
equipment. Developing test
magnets for msdical macrkec.

(Extracced from High Technology Business, Janusry 1988)




8. PRLICATIONS O SUPERCDIDUCTORS

High-temperature supercouductivity

The sost recent issue of logos (Vol. 5, 0. 3), a
publication of Argonne Macional Laboratory, is devoted
to high-temperature superconductivity (MTSC). Tnis
clear and concise discussion of progress ia
understanding and working with high-temperature
supercoaductors, written by members of the
laboratory's HTSC team, is avsilable oa raquest while
the supply lases. Coatact: A:leen Adbernathy, Editor,
Office of Public Affsrrs, Argnune Mational Laboratory,
9700 S. Cass Ave., Argonne, L ¢« 19,

e e o e

The proceedings of Superconductors ia

Electeonics - Commercialization Workshop, heid
Septesber 1337, nave been published by the workshop's
spoasor, Advaantage Quest. The topics include aev HISC
materials, electronic applications, specialized
materials technologies for eleccronics applicacions,
tav materials, cooling technology, and patent lav and
venture capital perspectives. As would be expected,
tne emphasis is on thin film technology. A
presencation by IbM des ribes its plasma spray
deposited films. There is also an examination of the
possible applications of these materials as low
distortion and moderstely tov attenuation trasasmission
lines for systes incerconuections by ATET Bell
Laboratories. And Ed Zschau of Brentwood Associates
offers a sobering look at the prospects for investing
opportunities. To order: Advantage Quest,
L1110 Suanyvale Rd., §ult: (.12, Sunayvale, CA 94087-2515.

. o o

Seperconductors: Exploiting Electronics and Computer
Applications SR ectimin AL e

oy Richard K. Miller, is s compilation of
information about superconductivity technology,
programaes, and research groups that was svailsble ac
the time the author assembled it. Tne overviews of
supercoanductor, Josephson junction, and SQUID
technology could be useful introductions to these
subjects for nonspecialists. To order: SEAL
Tecnnical Publicatioas, P.0. Box 590, Madison,
GA 30650. e v o oo

Superconductivity: A Cuide to the Corporate Players

Mini-report (6" x 9", 92 pp.) includes s fold-out
table showing each of the 42 superconductivity leaders
in a detailed activity snd spplication.
Mactrix-Technical Insighes, Inc., P.O. box 1304, Fort
Lee, NJ 07024, USA,

s e ¢ o @

Current research on ceramic superconductors

From Tne Amecican Cersmic Society, Inc.,
757 Brooksedge Plazs Dr., Westerville,
Onio 43081-6136. A special, supplementary issue of
"Advanced Ceramic mur'uln:' ~ & quarterly periodical.
. e e

Data base on superconducting materials

The US Depsrtment of Energy has launched s
computerized data base to help American scientists
«eep up with resesrch results in superconducting
macerials. The dats base is accesible through DOL's
Office of Scientific and Technical Informstion (0STI)
at Osk Ridge Nationsl laboratory, Temn.

The first phase, on line todsy, is an electronic
bulletin bosrd where researchers lesve their names snd
telephone nuabers sand areas of resesrch. The second
phase, due in Asgust, vill allow researchers to
summarize their works in progress. The third phase,

65

slated to go on line ia early September, will offer
more detsiled iwiaformation on Cest results anesd of
normal technicel jourmal publication schedules.

For more information, Department of Energy,
Office of Screntific and Techaical Informetionm,
Tech iical Informetion Center, P.0. nox 62, Osk Ridge,
TN 37831, USA.

Supsrconducter materials

srochyre liscs wore than 35 specialized products
suited for superconductor researen. Featured
materials iaclude barium, stronium, lanthanum,
scandium, yttrius, copper mmtals and compounds ia
various purities that represeat the most frequently
requested itess for supercomductocr researcn. [n
addition, the brochure explains tne firm's fabrication
service for confidential development snd engineering
of customized research materisls. Jonanson
Macchey/Aessr, Seabrook, Mev Hampshire.

Superconductivily reprints

The American Physical Society has put tcgather a
400-page volume of 112 refereed papers ou
high-temperature supercoaductivity published in the
Cirst half of 1987. Price: $35. (American Pnysical
Society, Publications Lisison Office, 500 Sunnyside
Blvd., Woodbury, MY 11797.)

*

High-Temperature Superconductors

High-Tempersture Superconductors is the latest in
the Key Abstracts series published by INSPEC, the
informstion division of the Institu~ion of Elecerical
Engineers.

The coverage of Hagn-Temperature Superconductors
wvill include: theoty; preparation; pnysicsl
properties (structure and chsracter:izatiom, critical
temperature, critical currents and fields, Josephson
effect); applications and devices.

Hign-Tempereture Superconductors will be
published monthly starting January 1988, at a
subscription price of £56 per annua. For sore
details, including a sample 1ssue and order fora
coatact: INSPEC Marketing, Institution of Electrical
Engineers, Station House, 70 Nigntingale Road,
Hitehin, Merts. SGS 1RJ, United Kingdom.

A 200-page report titled "Superconductivity: A
Practical Guide for Decision Mskers’ reports on the
significence of high-temperature superconductivity
(HTS) developments to organizstions and Cransiates
that understunding into effective monitoring, resesrch
and product development plans. The report identifies
five superconductor spplications: electrical
conducCivity, dismagnetism, Cunneling, thermsl
conducCivity and hybrid effects. A users' applicacion
grid vill nelp readers anslyse a specific application
in regard to 1ts present state of developsent,
projections for future progress, special problems that
may be encountered, and relsted spplications.

Technology Futures, Austin, Texas.
. 8 2 20

Publications:

miscell aneous
Automotive saterisls

"The Materisl Network: A Driving Force in
Mitomotive Innovstion"” is s l2-page overviev of
company’s products and capebilities. Tnermoplastics,
fabricated foams, spoxy and vinyl ester resins,
polyurecthsne, adhesive films, random fihbre composites,
and magnesium sre discussed. Brochure shows how Chese




materials can be used in automotive exteriors,
structures, drive trains, and intecriors. Chart lists
available literature and specific maleriatl
fropercies. Dow Che-isa.l fo....nidlnd. ML 48840,

Quality control, tooling book

Quality coatrol productsi, machine tools
accessories, specialized adhesives, and safety
equipaent are the focus of this detailed 265-page
cactalogue. Over 500 different products are featured,
including surface finisn compazators and gsuges,
inspection lights and magnifiers, replica and proofing
compounds and alloys, electronic gauges, daca
collectors, machine tool safety guards, and gauge
stands. Catalogue 687 provides techanical,
application, selection, and ordering data. Flexbar
Machine Corp., 250 Gib.bl.lt.i.‘. sentral Lslip, MY 11722.

Advancing Materials Research, prblished by the
Nacional Academy Press, is based on the discussioas
and formal presentatioas at a 1985 symposium hela at
the National Academy of Sciences to celebrate the 25th
anniversary of the Materials Research Laboratories.
The book, a comprehensive overview of materialr
science from its early hiscory througn curcent
developaents and future areas for further research,
reflects the symposium’s exploration of the status and
prospects in materials research. Of particular
inLerest are the discussions, by leading experts, of
recent developmeats aad future trends in the frontier
of asterials science and engineering in such areas s
metallurgy, condensed matter physics, quasi-periodic
cryscals, artificislly structured electronic and
magnetic materials, advanced ceramics, orgsnic
polymers, surface science, and materials synthesis and
processing. To order: National Academy Press,

2101 Constitution Ave. NW, Washington DC 20418.
Pnone: (202) 33-3318.

LI I}

Corrosion Resistance Tables, Second Edition,
Philip A. Schweitzer, ASM LaCernstional, Metals Park,
Ohio H4073, 216-338-5151, 1966, 1,231 pp. Ome source
from which every component 0f 3 system may be
selected, including materisls for constructing
vessels, storage tanks, valves, piping systems, and
other items thar come in close contact with
chemicals, There are tve psges for corrodenls - one
contsining the resistance of metals, glass, and
carbon, and the other containing the resistance of
plastics and rubbers.

Materials informacion, & joint service of ASM
International snd Institute of Metals (London), has
announced tne publication of the Thesaurus of
Engineered Materials, This 132-page, first 2dition is
the basis for the termimology used in the recently
introduced Engineered Materisls Abstracts. The
Thesaurus of Engineered Mscerials contains the
vocabulary for classification, processing, and
properties of polymers, ceramics, snd composites.
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Tomorrow's Materials, K. E, Easterling. The
Institute of Metsls, Publicazions Sales Dept.,

1 Carlton House Terrace, London SW1Y 508. Tel:
01-839-4071; celex: 8814813; fax: 01-839-2289.
Order No. 414, 234 x 1S6am, 100 pp.,

ISBN 0 97146240 3, paperback. Aimed at s general
readership including school leavers, scudents and
undergradustes of all scientific and engineering
disciplines, as well as individuals requicing updates
on advanced materisls, this innovative cext begins
with sn introduction to the fundsmantals of materials
science snd investigates s wide range of nev materials
which have formed the basis of many recent
technological advances, completely transforsing our
menufactured eavironmer

Mvanced materials searches availadle

A nev series of published searches on advanced
magterials has been launched. Thirty topics have been
chosen, researched and packaged to preseat an
attractive product for about ane third of the cost of
a customized litecature searcn. litles range from the
syothesis of ceramics Lo tne corrosion of polymers.
Each search coantains up to 250 abstrscts of the
literature from 1935 to Aigust 1987. Eacn title costs
£45. A full descriptive list is available from
Sara Fonseca, Materials Informstion, The Institute of
Mezals, 1 Carlton Hmo: 'scsr:u. Loadon SW1Y 508.

-

Companies and resesrch institutions needing a
detsiled picture of advanced materials development :in
Japan can obrain the Japanese New Materisls Yearbook
1986/1987. Tne Yearbook is & complete survey of the

major developments that have taken place in Japan in

the field of new materials over the last year. It
costs £145 and is pudblished by Elsevier laternational
Bulletins, Mayfield House, 256 panbury Road, Oxford
0X2 TOH. 28 e 0 s
P. A. Psarss and H. D. Laagtord (eds):
“Advancing materials research™; 1987, Wasningtoa, DC,
National Academy Press, xvi + 391 pp., casebound.
155 x 235mm, [Sod O 309 03697 §. This authoritative
book prepared under the auspices of the Mational
Acadeny of Engineering and tne National Academy of
Scieaces, provides a lively and comprehemnsive account
of achievements in materials science researcn and
development over the r:ied.lgso-mﬂs.

"Advanced Structural Ceramics™ published by
Business Communciations Co. (BCC), projects thar the
total value of advanced structural cersmic product
shiprents will increase from $171 million g 1987 to
4430 million in 1990, $1.6 billion in 1995, and $2.6
billion in the year 2000 (all projections are inm
current dollars). The sversge annual growth rates are
expected to be 16 per cent from 1987 to 1990, 22 per
cent from 1990 to 1995, and 18 per cent fros 1995 to
the year 2000. Overs'' the BCC projections are more
conservative, and th ¢ probably more realiscic.

The markets covered in the report are for
automotive/heat engines, cutting tools, wesr parrs and
nther industrial applications, hest exchangers,
serospace and defence-relsted spplications, and
biocersamics. The large growrh rate projected over the
next Lhree years 13 attributed largely tr increased
shipments of cutting tools, wesr vresistant parts, snd
defence-related spplications such s8s ceramic armour.

Al though the study was conducted for the US only,
Japsnese and Europesn companies, sod the competition
they pose to US companies, have been included for eacn
market segment. To order: Business Communications
Co. Inc., 25 Van Zant St., llor.vlll, CT 06855, USA.
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High-Technology Ceramics Past, Present, and
Future, subtitied The Nature of Innovation and Change

in Ceramic Technology, W. D. Kiangery editor, the
ptoceedings of a 1936 Anerican Ceramic Society
sysposius on cerssic history and archeology, "dbrings
together specific case histories, snalyses of the
driving forces for innovation, cultursl and corporate
influences, policies of nationsl self-interesc, and »
historical viewpoint ¢hst sllovs the reader to snape a
nev understanding of tne process of innovation and now
it may affect the future of hign technology

ceramics”. 1Tne brok, which is divided irto three
sections, opens with e« provocative essay oa recent
trends in the history f cechnology. The second
section contsins numerovs specific examples of
nigh-technology cersmic s-novetions from Egyptisn




fatence, the first high tech ceramic, to more receat
inaovative developments such as sialons,
ferroelectrics, and sultilayer ceranics. The final
section, on the nature of innovatioa snd eanagement,
includes discussions on the sources of innovation, the
managment of innovatioa, how to aurture technology,
and a look into the future of ceramic technology.
This interescing and informacive book should prove
valuable boch to those alresdy working in chis field
and to those considering entering it. To order: Bbook
Service Dept., Acerican Ceramic Society,

157 brooksedge Plaza Dr., Westerville, OH 43081-2382%.
Paone: (614) 890-4700.

seccer Ceramics Tnrougn Chesistry 11

Sympos ius held 15-19 April, Palo Alto,
California. Edited by C. Jeffrey bdrinker,
David E. Clark and Donald R. Ulrich. Pittsburgh, PA:
Materials Research Society, 1986. 832 pp. (Materisls
Research Society Symposia Procsedings;: Vol. 73)
86-17969. ISBN 0-931837-39-1. Conteats: Solution
chemistry and synthesis [: gels. Solutioa chemistry
and syathesis [I: powders. Chnaracterization of
chemically derived ceramics. Drying and
~onsolidation. Mon-oxides. Comparisons of chemically
coaventionally derived ceramics. Applicatioas of
MO/MD calculations. Poster session. Materials for
electrical packaging. Mew initiatives/movel
materials. Indices. , , ., .
Reinforced Plastics for Commercial Composites, Source
Bork, editew by Gerald Shook, ASM Internatiomal,
W.cals Park, Ghio 44073, 216-338-5151, 1986, 400 pp.
Introduction to using reinforced plastics in everyday
applications. First part covers resins, fillers, and
reinforcements. Then comes curing sysCems and
reieases. The accual fabrication of reinforced
plastics is the subject of Lhe mext twvo sectioans.
Articles on open and closed-moulded processes discuss
fabrication techniques such as compression moulding,
resin-transfer moulding, squeeze moulding,
foam-reservoir moulding, and resin injectiocns.
Following chac, automatsd processes such as filament
winding, pultruding, and pulforming are covered. A
section on fabrication processes for
reinforced-plestic assemblies surveys articles on
bonding and fastening methods, including drilling of
reinforced plastics.
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Plastics Technology landdboc.. Manas Chandas,
Salitl K. Roy. 11X *» 553 pages. Macrcel Dekker Iac.,
270 Madison Ave., New York, NY 10016. 1987,

Polymer Scienze. V. R. Gowariker, N. V. Visvanstnan,
Jaysdev Sreednar. XV ¢ 505 pages. Jonn Wiley & Sons
Iac., 605 Third Av., New York, NY 10016. 1986.

Multicomponent polywmer materisle. Edited by

D. R. Paul and L. H. Sperling. Washington, Df:
American Cnemical Society, 1986. 354 pp. (Advances
in Chemistry Series; 211) 85-20475,

ISsN 0-8412-0899-9. Contents: Review.
Characterization of polymer blends. Characterization
of block copolymers. Iaterpemectrating polymer
netvorks. Mechanicsl behaviour. Rheology snd

spplicacion. Indexes.,

Plastics technology handbook.
K. Roy. New York:. Marcel Dekker, 1986.

(Plastics Engineering:; 12) 86~19730.

ISBN 0-8247-7564-13. Characteristics of polymers.
Fabrication processes. Plastics propertiss snd
testing. [Industrisl polywmers. Addition polywers.
Condensation polymers. Special polymers. Index.

Chanda, Manas snd Sslil
598 pp.

67

Principles of polywmetr composites. A. A. berlian,

S. A. Volfson,, N. S. Enikolopian sod S. S. Megmatov.
Beclin: Springer-Verlag 1986, Pp. x + 120,

ISoM 3 540 1505 1 X. This book, using ideas developed
at the Institute of Chemical Physics of the USSR
Acadeay of Sciences, discusses the principles of the
design of sdvanced polymer composites for use in
furniture, building, electrical applisnces, vehicles
and other equipment.

Silicon Processing for Photovoltaics 1I. Edited by

Chandra P. Rhattak and X. V. Ravi. 1936. =xia1 * 474
pages. [SeMN 0-444-87024-5. MNorch-Holland Pnysics
Publishing, P.0. mox 103, 1000 AC Amsterdas, The
Mether lands.
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Curcent topics in photovoltaics. Edited by

T. J. Coitts and J. D. Meskin.

Volume 2. September 1987, 244 pp.,
ISsN 0-12-153412 X. Preface. Pnysics, Measurement
and Sys:emstic Design Theory for Silicoan Solar Cells.
High Efficiency MINP and PESC Silicoa Solar Cells.
Space Solar Cells. Iadex.

Volume L. June 1985, 279 pp.,
ISsN 0-12-193860-3. Heterojuaction Solar Cells.
Cu-Ternary Chalcopyrite Solar Cells.
Amorphous-Silicon Solar Cells. Advanced Coancentrator
Solar Cells. Cadaium Sulphide-Copper Sulphide Solar
Cells. Each chapter iucludes references. Index.
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Fundsmentzls of solar cells. Pnotovolrtaic Solar
Energy Conversion. A. L. Fanrenbrucn and R. H. bube.
1983, 576 pp., ISHN 0-12-267380-8. 1 Vincent Square,
Loadoa SWIP 2PH.

Tvo publications oo the proceedings of che
failure analysis programme and related papers
presented at the Internatioaal Conference and
Exposition on Fatigue, Corrosion Cracking, Fracture
Mechanics and Failure Analysis, 2-6 Decesber 1985,
Sslt Lake City, "teh.

L. Analyzing failures: cthe probleme and tne solutions

Mecals Park, Onio:
368 pp.

Edited by V. S. Goel.
American Society for Macais, 1986,
86-071195. IssM 0-87170-270-3.
2. Fatigue life: analysis snd prediction
Edited by V. S. Coel.

Sociery for Metals, 1986.
iSoM 0-87170-271-1.

Salt laske City, Americsn
415 pp. 86071194,

Nondestructive testing handbook
Second edition, Vol. &: Eleccromagnetic testing

eddy current, flux leskage snd microvsve
nondestructive testing. Edited by Robert C. McMaster,
Paul McIncire and Michsel L. Mescer. Columbus, Onio:
American Society for Nondestructive Testing, 1936.
677 pp., LSeN 0-931403-01-4. B86-71347.

Wenk, Samuel A. and Robert C. McMaster. Cnoosin
MDT. applications, costs and benefits of
nondestructive testing 1n your quality assurasnce
progrss. Columbus, Ohio: Amerrican Society for
Mondescructive Testing, 1987, 96 pp. Paper. 87-1788.
ISsN 0-933403-09-X.

Fasilure snalysis and prevention, 9th ed. Vol. 1i.

Cordon W. Powell snd Sslanh E, Manmoud, co-ordinstors.
Hetals Park, Onio: Amicican Socisty for Metals,



1986. 843 pp. 78-164934. [ISsN 0-87170-007-7. This
updated and expanded volume essentially maintains the
formmt used in the 8th edition (Vol. 10) involving a
teviev of the engineering aspects of failure, studies
of various failure sschanisms, snd related
environmental factors, and snalyses of hundreds of
accual service failures of metsllic macerials., Some
first-ctime analysis of ceramic polymers, and
continuous fibre-reinforced composites are also
included plus increased coverage concsrned with
€ailure analysis of integrated circuits. As usual,
the work is spectacularly illustrated.
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High Performance Fibre Composites. By J. G, Morley,
Wolfson Institute of Iaterfacial Technology,
University of Nottiangham, deals both with reinforcing
fibres and witn the physical principles of
reinforcemcnt. [ts seven chapters cover a wide range
of both continuous and discontinuous reiaforcing
fibres, the elascic properties of fibre composites,
tne development of matrix cracks in brittle matrix
composites, the fracture of unidirectionally
reinforced systems under tensile loading, fracture
under mote complex off-axis and compressive loading
systems, and aspects of the long-term strength of
fibrous composites. To order: Acedemic Press,
265 5. Lincoln Dr.,, Ergy; }:0'63379.

Advanced Composites LIl: Expanding the Techaology is
a compilation of sll but 12 of the presentations at
che 1937 Advanced Composites Conference spounsored by
ASM Incternational and the Engineering Society of
Detroit. The papers cover design, mmufacturing,
materials science, and secondsry processing in polymer
matrix composites for serospace, automotive, and
defence applications. 7To order: ASM Mesber/Customer
Service Center, ch}s.l”rs..ml 44073,

Proceedings of the American Society for Composites

Second Technical Conference, co-sponsored by
the imiversity of Delavare Center for Composite
Materials, contains papers covering processing
science, materials science, characterization,
mechanics, design and snalysis, durability, and
nondestructive evaluation. Most of the presentations
concern polymer matrix composites, but there is slsoa
session on fibre reinforced ceramics and one on wetal
mstrix composites. To order: Technomic Publishing
Co. Inc., 851 New Holland Ave., Box 3535, Lancaster,
PA 17004, "o 0 0 o

Engineers’ GCuide to Composite Materials, edited by
John W, Weeton, ASM I[nternstional, Metals Park,

Onio 44073, 216-333-5151, 1986, 400 pp. Data and
inforasticn needed to understand and evaluste
composites technology. Property section on
ceinforcements highlights fidre, whisker, textile,
paper, felt, and fillers. Tne section om
polymer-matrix composites compares the properties of
fibre-reinforced, filled-resin matrix composites, and
various epoxy satrix composites. Property dats on
metsl-matrix composites include fibre-reinforced
sluminium, citsaium-alloy, nickel, nickel-base,
cobalt, iron-base, and superslloy composites. Tne
last property data section deals with fibre-reinforced
ceramic comnosites, nonfibre-reinforced ceramic
composites, cermets, snd other metal-ceramic
composices, and cubon{c:rgo& fo-po-'uu.

Carlsson, leif and R, pryon Pipes. Erperimentel
characterization of advanced composite msterials.
Englewood Cl1ffs, NJ: Prentice~Hall, 1986. 197 pp.
86-18695. ISpN 0-13~29%950-4. Contente: Tneoretical
backgrcund, Laminate processi Determinstion of
fibre volume fraction. Lawina tensile and shesr
cresponse. lamins compressive response. lamina
thermoelestic response. lamina off-axis response.
Lawinace tensile response. Laminate thermoelascic

respoase. laminate notched strengen.
Characterization of uurll.-im:r fracture. Index.
.0 -

Monmetsllic materials and composites at low

tempecatures 3. Proceedings of the Third IOMC
Symposium oo Moametallic Materials and Composites st
Low Temperatures, held 23-24 August 1984, MHeidelberg,
Federal Repudblic of Germany. Edited by

Guather Hartwig and Devid Evans. Mev York: Plenum
Press, 1986. 220 pp. 85-24337. [ISBN 0-306-42117-8.
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Alloy steel optioas

Engineer's guide contains 24 pages of informsction
about High Strength Low Allcy (HSLA) steels and high
strength carbon flat rolled steels. Design features,
per forasace benefits, chemical compasitions, tensile
properties, atmospheric corrosion resistance
qualities, and other aspects are detailed. Discussion
stresses advantages such 8s resistance to brictle
fracture, formability for reduced fabrication costs,
veldability charscteristics, light weight, and
resistance to abrasion and high-temperatures. GCu!lf
States Steel, Markeling Services Associates,
University Circle Research Center I, L1UOU Cedar Ave.,
Cleveland, OH 44106,
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Hassen, Peter. Puysical metalinrgy. Secund

sdition. Translated from the German by
Janet Mordike. Mev York: Cambridge University Press,
1986. 392 pp. IU-GOS?.. .lal 0-521-31037-X.
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Aluminium-lithium alloys ILl

Proceedings of the Third Internationsl
Aluminius-Lithiuvme Conference sponsored and ovganized
by The Iastitute of Metals; Universicy of Oxford,
8-11 July 1985, Ediced by C. Baker et al. Londou:
Institute of Metsls, 1986. 640 pp.

ISoM 0-904357-80~5. Tnis 1985 conference report is
in two parts: (I) covers areas such as productioa,
products and joining, fetigue behaviour, and powder
and mechanically slloyed materials; (IL) includes
physical wetallurgy snd structure property
telationships. Particulsr interest, for example, vas

given aircraft structural applications.
s & 8 » 7

Pouder metsllurgy

Cytemp Specialty Steel Div., Cyclops Corp., has a
brochure on its powder metallurgy process:
Consolids~ion by Atmospheric Pressure (CAP). "CAP:
P/n Made Crystal C.ear” outlines the firm's
capsbilities for producing powder metsllurgy alloys,
gives 8 schemstic representat.oa of the process, and
lists various alloys and product forms available.
Compared vith coaventional wrought metals, CaP P/M
materials reportedly exhibit increased toughness,
improved machinability, and excellent grindability.
Cytemp Specialty Steel Div., P.0. Bor 517, Titusville,
PA 16354, USA. P,

Progress in Metsllurgicsl Research - Fundamentsl sad
égg!ud Aspects

Proceedings of the Internations) Conferece,
11-15 February 1985, Indisn Institute of Tecnnology,
Ksnput, [ndis. Ede. S. P. Menrotrs and
T. R. Rsmachandrsn, pubiiched by Tets McUrawv-Hill Co.
Led., Mew Delhi, ISsN 0-07-451640-X.

This is quits an extensive conference repore,
running to 720 pages snd 76 papers. Tne topics
encompsss many aspects of metallurgy, from minersl
enginsering to metal physics.
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10. PAST EVEMTS AD FUTURE MEET DIGS

Meetings oa supercoaductivity

1987

18 March 1987,
New York City

Marcn 1987,
Washington, J.C.

27-30 Macen,
Nagoya Inst. of
Techn., Japan

28-31 Macch, Waseda
University, Japan

April 1987
April 1987

April 1987,
Denver, Colorado

21-24 April,
Anaheim, California

June 1987

2-5 June,
Strasbourg, France

July 1987

28-29 July,
WJashington, O.C,

Mugust 1987

Asgusc 1987
Kyoto, Japan

Anaual Meeting of the American
Physica) Society. This mseting
wvas touted as the “Woodstock of
physics™ because of the
excitem:nt it generated among the
scientists.

Two-dsy seminar st the Matioasl
Acadsmy of Sciences. The
leadoff spesker vas

K. Alex Millexr, head of the
IsM-Zuricn group;: followed by
Paul C. ¥W. Chu, head of a group
of materials scientists of the
University of Houston, Texas.
The academy intends to host sbout
four of these seminars per year,
starting 1988.

Symposis on hign—temperatuce
superconductive oxides.

(Sponsor: Japan Physical
Society) and

(Sponsor: Applied Physical
Society)

The first ma jor meeting of
British scientists working on
high-tempersture supercoaducting
ceramics, held at the Rutherford
Appleton Laboratory. lMeeting vas
arranged by the Science and
Engineering Research Council
(SERC).

American Chemical Society's Spring
Meeting

1987 Spring Meeting of the
Materials Research Society

1987 Meeting of the European
Materials Research Society. (A
special dsy vas devoted to
high-tempersture
supercoacuctivity)

Conference on New High-Temperature
Suparconducting Materisls.
(Sponsors: Tne US whice MHouse
Office of Science and Technology
Policy, Dept. of Energy, Depc.

of Commerce, Dept. of Defense,
Mationsl Science Foundstion,
Netional Academy of Sciences)

18tn Internationsl Conference on
Lov Temperature Physics.
(Sponeors: International

Union of Pure and Applied
Physics, Science Council of
Japan, Pnysical Soc ety of Japan
and the Jrosn Society of Applied
Physics)

oy

September 1987

September 1987,
Mew Orleans, USA

14-15 September,
San Fraacisco,
Califoraia

18-19 September,
University of
Nocch Carolina,
Chapel Hill

25 September,
Coventry, UK

October 1987

9 October,
los Angeles,
Californis

18-21 October,
Denver, Colorsdo

194th Matioaal Meeting - Symposius oca
New High-Temperature Superconductocs.
(Sponsor: American Chemicsl Society)

A commercialization workshop on
superconductors in electronics.
The vorkshop covered Josephson
jumction devices;, application of
supsrconductors for intercoanects
and other uses; impact of
superconductors on GaAs msterials
markets and also on mstals and
rare earth markets; and the type
of products and companies rhat
will be the winners and losers of
the new technology.

The organizer, Advantage Quest,
Sunayvale, Cslifornia, solicited
speskers from materials
development, electronic device
industry, suppliers of liquid
nitrogen, refrigeration systems,
patent law, goverument and finance.

The S sius oa High Temperature
Soprceondectiag RaticTates The
event, sponsored by the Noctn
Carolins Section of the American
Chemical Society, featured
lectures and poster presencations
on synthesis, properties, and
processing of superconducting
materisls. (University of Mortn
Carclina, Dept. of Chnemistry,
Venable Hall 045 A, Cnapel Hill,
NC 27514)

A specisl sessioa on Hi
Tempersture Superconducting
Materials vas held ac the
University of Warwick, Coveactry,
UK. It wvas organized by

Dr. David Dewv-ughes, Departmenc
of Engineering Scieances, Parks
Rosd, Oxford University, Oxford
OX1l 3PJ, Saglead, from vhom
further detsils csa be obtained.
Tnis session vas parc of the
conference titled "New Materisls
and their Applications™ being
organized by the UK Institute of
Paysics, which wvas neld from 22
through 25 September 1987.
However, ia order to sccommodate
the rapid sdvances taking place ia
nigh temperature supercoaductor
research, the details and format
of session vill be determined
later than for the rest of the
meeting.

Superconductor Applications

Mesting: Southera Califorais
Symposius on the Progress of

Superconductor Applications.

(Superconductor Applicsctions

Assoc., 24781 £l Cemino Villas
Ave., L1 Toro, CA ¥2630)

Spacial Ceramic Superconductor
Session. (Sponsored by the
CLlectronics Division of the
American Ceramic Sociefy and
Llectronice Division of the
Cersmic Society of Japsn)



November

6 Novewber,
Anaheim,
California

9-11 November,
soston, MA

January 1988

25-26 lanuary,
poston, MA

26-27, January,
boston, MA

February 1988

16-18 February,
Los Angeles,
Californis

22-24 February,
Houston, Texas

Thin File Processing snd
Characterization of Migh-
Temperature Superconductocs -
Jatn Mational Symposium (Amecican
Vacuum Society, 335 East

45eh Street, Mew York, M.Y. 10017}

Perspectives in the MNew
Superconductivity -~ An
International Reviev Conference.
(Sponsor: MATURE - The
International Weekly Journal of
Science)

Commercial Applications of
Superconductivity: Focus on uhich
industries vill be first to spply
nev techaology, and how much it
will cost to implement.

(Spoasor: World Tech. Press,

1 Kendall Square, Cawbridge,

MA 02139)

High temperature superconductivity:
implications for industry. A
Symposium at the Massachusetts
Institute of Techoology. The
purpose of this two-day meeting
vas to put the breakthroughs in
perspective for decision-makers in
induscry, goveromeat, sna
scademia. Experts from MIT and
industry revieved the latasc
advances, summarized the curreat
theories of the physical
principles involved, discussed
emerging lines of research,
explored the potential for the
development of devices and systems
based on the nev mater als, and
identified the engineering
chsllenges which lie shesd in
expanding the use of
superconducting t~zhnclogy.
(Massschusects Institute of
Technology, Camoridge, MA 02139,
USA)

Internstional Superconducor
Applications Convention. The
keynote spesker is

K. Alex Mueller, of IsM Resesrcn
Ladbs in Switzeriand, who shared
the Mobel Prize for his
superconductor resesrcn effocts.

Topics include applicactions of
superconductors in slectronics,

computers, sad communications; 29 February -

instrusentstion, sensing, and & Maren,
diagnostice; aerospace snd Inter laken,
defense; utilities: Svitzerland

transporcation; snd consumer
products. Also scheduled is a
superconductor trede show.
(superconductor Applicacions
Assa., 26781 Camino Villa Ave.,
El Toro, CA 92630)

World Congress on Superconducti-

vity. Tae World Congress on
Superconductivity nas been

2024 Ffebruary,
Houston, Texss

established ia Nouston, Texas, as
a not-for-prafit assaciatioa of
scientific, acadesic,

profess ional, corporate, sad
governmental organizacions. Its
ob jective is to co-operatively
advance research and spplication
development 1ateranatioaally in
this field. Initisl spoasocs
besides the major Texss
universities and Woustoo
organizations include tne
Institute of Electric and
Electronic Engineers, the American
Chemical Soc-ety, the Amevican
Institute of Chemical Eagineers,
the American Society of Mechanical
Engingers, the Association of
Energy Engineers, the National
Society of Professionsl Engineers,
and tne Electzic Power Resesrchn
Institute. Dr. Psul Chu, directer
of tne Taxas Center for
Supecrcoaductiviky at the
University of Iexss is the
chairssa of the humocary advisory
board, which includes among others
Dc. Willisam Grashas, the
President’s Science Advisor,

Dec. Praveea Cnaudnari, vice
president of Ia’s T.J. Wacson
fesesrch Center, Dr. Paul Fleury,
director of the Physical Researcn
Labocatory ac ATET mell
labocatories, Williss F. Hayes,
senioc resesrch officer of the
Ketional Research Council of
Canada, Samuel Kramer, deputy
director of the MBS Matioaal
Engineering Laboctatory,

Dr. Alan Schrieshein, direccor of
Argonne Laboracory,

Dr. Eilen Feinberg, editor of
High T, Update, Ames Laboratory,
snd MPR's editor.

The first World Corgress event is
planned as an internationsl
gathering of leaders from the
vorld's research, business, snd
governmentsl communities
interested in sdvancing the
scientific sad practical
aspplications. 1Ine programme wvill
cover an i1nternational update on
sciencific advances and
sgplications, a reviev of
applicstion sreas, interanationsl
co-operstion, sad business
opportunities. (World Congress on
Superconductivity, c/o Houston
Lighting & Pover, P.0. box L7U0,
ET Room 1105, Houston, TX 77001)

Internationsl Conferemce on Hign

Temperature Superconductors, and
Haterisls and Mechsnisms of
Supsrconductivity. (Conference
Secrecsrist, 'High Tempsrature
Superconductors”, Pnysics Dept.,
ETH, Honggerberg, 8093 Ziricn,
Svitserland)

Superconductor Applications
Msecting. (Sponsored by the
Macerials Ressarch Society,
40 Live Osk Loop, Albuquerque,
MM 87122)




Mecn 1988

5 Maren 1988
Jxford University

April 1983

5-9 april,
Reno, Mevada, USA

1i=13 apeal

11-22 April,
Trieste, Italy

18-20 April,
buffalo, NY, USA

May 1983

9-11 May,
Rucgers University,
usa

18 Moy,
baltimore, MD, USA

"Scientific vuriosity to
engineering reality” by

Dr. David Dev-lughes, lecturer is
engineering science in the
Universizy of Oxford.

The lecCure descridbed the
phenceeacn of superconductivity
and its early nistocy, sad also
outlined wvhat is required of a
superconductor in order TASC it
can be used in sa engineering
device. The spesker illustrated
developments of practical
asterials co meet these
Tequirements, with examples.
Finally, ne spsculaced on the
spectacula: discoveries of nevw
ceramic superconductors, and
their pcobsble impacc on
engineering. (Sponsocred by tne
Cencral Electricity Genecating
board, UK)

Materials Research Society 1988
Spring Meeciag, Bally. Staandout
sessions in dissond films,
high-temperature composites
(including intermetallics),
biodegradability, superconductors,
and refractories. (Materials
Research Society,

9800 McKaignt Rd., Suite 327,
Piccsburgh, PA 15237)

Conference to Review
Superconductivity Casins. The
International Conference on the
First Tvo Years of High-T.
Superconductivity vas held at the
sryant-Denny Conference Center,
University of Alsbams, Tuscaloosa.
For iaforsstion, contact

Robert M. Metzger, University of
Alsbsms, Dept. of Chemiscry,
Tuscaloosa, AL 15487-9671
(205/348-5952)

Experimenctal Workshop on Hign
Temperasture Superconductors
(Internacional Centre for
Theoretical Physics, Trieste,
fealy.)

Conference oa Superconductivity
and Applications. (Organized by
the Iastitute of Supercomductivity
hcadquarcered at SUNY-Buffslo,
buffslo, NY 14260, USA).
(Sponsored by State Universicy of
MNev York ac suffelo)

Fourth Annual Northeast Regional
Meeting High-T. Superconductors -
processing and applications.
(Sponsored by the Metallurgical
Society, the Materials Research
Society, ASK Internstionsl)

Planning Msetings on Righ
Temparature Supsrcoaducting
Ceramics (Macionsl Buresu of
Standards raterials Bldg.,

foom 8309, Caichersburg, MD 20899,
USA.)

n

Sume 1983

1-3 June,

West Virgiais
Universicy,
Morgantova, W. Va

2-4 June,
Togatta-ousea
Miyagi, Japan

1-9 Juae,
Oak Ridge, T, USA

26 June - 8 July,
Tuscany, Italy

27 June - 3 July

July 1988

25-27 July,
Washington, DC

August 19838

21-25 August,
San Fraancisco,
Calif.

¥ovember 1988
28 November -

3 December,

Boston, MA, USA

1389

27 February -
3 Maren

26¢h Central Regionsl Meeting.
(Spoasor: Americas Ceramic
Society)

Sth latermatiomnsl Workenop on Future
Electcon Devices: Tepical Meeling
on Nigh-Temperature Supercoaducting
Elecc:om Devices.

(Res tacrch and Development
Asso:iation for Future Electrom
Devies, Fekide Duildiag,

Mo. 2 4-1-21, Toramows, Minatokw,
Tokyo)

Hign-Temp. Materisls Comferemce.
(A lac., Mecals Pack, ON 44073,
usa)

BATO Advenced Stwdy Institute om
Supecrcomductive Electronics.
Confecence Centec, Tuscany, Italy.
Contact: Dr. Warold Meinstock, Air
Force Office of Sciemtific
Researcn/ME, solling AFM,

DC 20332-64A8.

Prone: (202)767-4933.

Ficst Asis-Pacific Conferemce on
Condensed Muiter Paysics - Wign
Temperature Sopsrcomductivicy.
Macionsal University of Siagapore.
Comtsct: Dr. K.K. Phua,
Co-Cnairman, Fi st Asis-Pacific
Conference on Condensed Matter
Paysics, c/> Depc. of Pnysics,
Mational University of Singapore,
Kent Ridge, Siagspoce 0511,
Republic of Singapoce. Puone:
(65)2786188/7756666. Telex:
RS28561 WSPC. Fax: 272373%8.

laternationsl Conference on High
Temperatuce Supercoaductivy

(4TS °88). Wasningtoa, DC.
Coatact: HIS 88, Society for
Opticsl sad Qusntum Electronics,
P.0. Box 245, Mclean, VA 22201.
Mone: (70))0642-58)5.

Fax: (703)642-58)8.

Applied Superconductivity Conf.
(Lawrence Livermore Metionsl
laboratory, Liversore, CA 96500)

The Materisls Research Society Fsll
Meeting (MRS, 9800 Mcknignt Road,
Suite 327, Pittsburgn, PA 15237,
Usa)

Superconductors are Topic of Cordon
Couicunu. The Cordon Conference
on Supsrconductivity will be neld
27 Veoruary - 3 March 1989. Mne
locstion of the conference will be
anaouaced .

For information, contact

Arthur Sleight, Experimencasl
Station 156/301, €.1. du Pont de
Memours & Co., Inc., Wilmington,
DE 19898 (302/695-3536).




Meelings 9a NSev Mpterials

Jaavary 1948
17-23 Januacy,

Cocoa deacn,
Flocida

Februacy 1388

1-5 Febreary,
Cinciunati, Onio

17-18 February,
stussels, Belgiom

11-2% Fedruary,
bagndad, [rag

Mazen 1968

21-2s Maccen,
Birsinghas, UK

21-24 Macen,
Los Aageles

22-24% Macch,
5¢. louis, o, USA

2325 March,
University of
sirmsinghas
2325 Marcn,

University of
Livecpool, UK

April 1988

6-8 April,
Luxewboug

11-12 April,
London

i2ta Ansual Comference en
Ceomposites and Advanced Ceramics.
(Amecican Cernmics Society.

157 Brooksedge Plaxs Drave,
Vesterville, Onie 4081-6134)

43cd Mmausl Conference
(Society of Plastics Imdustry)

Advasaced Ceramics - All Ceramic
Engine. (Esuropean Chemical Mews,
Quadrant Rouse, Sutton, Seccey,
M2 SAS, UK)

Taird Acad International Solasr
Enecgy Conference. (Solac Energy
Research Cencre, P.0. mox 13026,
Sadeciyan, baghdad, Iraq)

Sch Materials Testing Show.
(acitish [ascituce of
sipa-Destructive Testiag)

WESTEC '88. Tne westerm Mstal &
Tool Expositioa Conferemce.
(Sponsor: ASM Iacernatiomal,
Society of Manufacturing Eagineers,
American Machine Tool Distribuctocs’
Association)

1968 Macerials Performance sod
Corrosion Show. (Metional
Mssociakion of Cocrosion Engineers,
P.0. sox 218340, Houscon,

Texas 772'3)

METALS & MATERIALS '88.
(Ilnst. of Metals, Loadon, 1 Carlton
House Tervace, Londoa SWIY 5Dw)

Third laterastional Confereace on
Fibre-reinforced Composites.
(Plastics and Rubber Lastitute,

11 Hobart Place, Loadon SWLW OdL,
uKk)

MACROLUX '88 - Resctive Polymers
sad Polymers of Incerface.
(Macrolux Secretarist, Sigms
forus, SARL Zoane Industricelle,
8287 Kenls, Luxesbourg)

Mechanical testing of engineering

cersmics st Bigh tesperatures. A
esecing vas held on the mechanical
testing of engineering materials
ot Righ temperstures.

Tnis meting ves orgmized by the
UK High Tesperature Mechanical
Testing Committee in colladoration
vitn the Institute of Ceramics
(UK). Since the messurement
stsadsrds in the field of
engineering ceramics are only now
being developed, the purposs of
this seeting vas to reviewv test
equipment snd matiods and to
escablish internacionsl stendards,
and it is therelore of sipnrficant
interest to sll those concerned

11-13 april,
Orlando, Flecids

L1-1b April,
Cambridge, UK

1)-21 April,
sirminghen

14-15 April

15-18 april

19-20 april,
Cardrff, UK

20~27 April,
Hanover, FRC

21 April,
Coventry, WK

24-27 April,
srazil

25-26 April,
Reno, Nevada, USA

25-27 April,
Aatverp, belgiva

wich eagimeering ceramics.
Futther dxtalla m be

obtained from Dc. ».F. Dysem,
Conferance Casirmsa, Divisies of
Macertals Apgplicatiocas, Wetiemal
Mysical labvocatery, Teddingtoa,
Mxéélesex TWLL O, UK.
Talephene: UL-9%3-65'7;
202344,

Telex:

Spring Conference. {(The
Amsxicaa Socrety fec
Nomdestructive Testing - ASNT -
P.0. Bex 28518, Colusbus,

Onio »3218-US518)

Conferance oa Deformscioa - Yiele
and Fraccwce of Polymexs.
(Plastics and Bubber lastitute,
11 Nabart Place, Lomeon, SMWIW OuL)

Laterastional Mecaine Tool sas
Manu factering - Techaelegy
Exhibition. (The Machine Teol
Trade Assecislion, 62 mayswater
Rosd, Lomdom W2 3PH)

Fifth Aosusl Conference om
Materials Iechaelegy, Msterials
Technolegy Cemter, Southera
fllisois University, Cachomdale,
IL. (Southera Lllinois
Universicy, Materials Techmology
Center, Carbomdale, LL £1901-430))

Laterastional Symposius sad
Exnipition on Fibre Meinforced
Plasscics/Conposite Materials,
Hen)ing, China. (The Oninese
Silicate Society, Ba:i Wen Znvang
»idg., seijing, People’s Republic
of Cnias)

Coanference on Uigh Temperature
Polymers (Plastics sad Rubder
Iastituce, L1 Hobact Place,
London SWIW OML)

Wev Materials 1988. (Deucsche
Nesse~ vod Msstellongs Ges.m.b. M.
m;cplnk. 0-3000 Hanover 82,
mc

Developments ia Materisls
Technology for the Astomobile
Industry. (Institute of Metals,
1 Cerlcton Mouse Terrsce,

loadon SW1Y SDs)

320d Brazilisn Ceramic Congress.
(Association srasileirs de
Ceremica, Rua Laonardo Munes, 82,
06039 sio Paulo)

9¢tn Symposium oo Metal Macrix
Composites: Tescing, Analysis aand
Failure Modes. MNHeld in
conjunction with ASTM Committee
0-30 on High Modulus Fibers and
Their Composites. (ASTH,

1916 Race Sc., Philsdelpnia,

PA 19103)

International Conferemce on Wot
Lsostsatic Pressing of Msterials:
Applicactions and Developmante.
(K.VIV Tecnnologisch Instituuc,
Metsllurgical Section, Jan ven
Rijevijcxlasn 58, 3-2018
Mntverpen, Belgium)




sy L7483

1-5 My,
Circinnats, Onio,
UsSa

-9 My,
cunesdoucg

3-7 may,
beussels, melgivm

*1! vy,
tadianapolis

1) ‘ay,
Loadoa

13 my,
Flocence ,ltaly

9-is May,
Milan, Italy

16-18 May,
Loadon

17-19 May,
Copennagen,
Denmark

17-19 May,
sologna, lctsly

18-19 May,
wndon

0-21 May

11-1+ My,
sirminghes, W

9tk Masval Meeting of the
Amutican Ceramic Society.
(American Ceramic Society,
&5 Ceramic Drive, Columbus,
o 43214)

Sew Applicaticas for Steel im Yiaw
of the Challenge from Substitute
Mmierials. (US<EC Commissien fec
Exrepe, Palais des Nstioas,
Ot-1211 Ceneva 10, Switterland)

EUROTEQL. (Feire latermaciremale,
Parc des Expositieas, Place de
selgique, 3-1020 brussels)

Speing Meecing. (Society of me
?lascics laduscry)

MATERIALS ‘38 - Macerials and
Engineering Design. (Insticute of
Mectals, Loadom, University of
Sneffield, Materials Physical
Laberatery; Iastitsce of Matals,
1 Carltee Nouss: Terrace,

Londoa SULY 50s)

Stn Eurepesn Photeveltsic Solsr
Energy Conference.

(Prof. J. Solowsa/s. Equer, Ecole
Polytechaique, Laboratoire de
Physique de la Matidre Condensée,
F 91123, Palaiseon, Fraace)

"PLAST ‘88" - Nilan Plastics and
Rubber Show. (ENFIPLAST,

P.0. Box 26, 20090 Assago/Milano,
Ltaly)

scitisn Suciety of Meology.
Coaference on Flow Processes oa
Composite Msterials. (Plastics
and Rubber institute, Ll Hobarc
Place, London SWIW OML)

Society of Plastics Engineers,
Scandinavia sectiom, joiatly wiecn
other organizations representing
the European plastics
ssaufacturing sad processing
industries, conference on plastics
recyclin;, Bella Center,
Copenhagen, Denmark.

laternationsl Mecsllurgy Congress,
Ianovation for Quality
(Association Itslisns Metallurgis,
20121 Milano 1, Piazzsle Rodolfo
Mocandi 2, Lcaly)

Second International Conferencs
on Snort Fibre-Reinforced
Thermoplastics. (Plastics snd
Rubber Imstitute, 11 Hobare Tlsce,
London SWIW OHL)

26¢n Special Sceels Conference,
Universicé Psul Ssbatier France.
(Cercle d'Etudes des Mftaux, Ecole
Nationsle Supdrieure des Mines,
158 Cours Yavriel, 7-62023 Saiant
Lcienne, Cedex)

Materials Testing Exnibitions WT 88
(sritish Info. Services, 843 Tnird
Ave., Yev York, M.Y, 10022)

2%-2¢ My,
Dublin, Ireland

25-26 Mmay,
¥ashington, DC

30 Hay - ) Jmme
Tokyo

3l tay - 2 Jume
Scrasbourg,
Framca

31 May - ) June
Pocte de
Versailles, Frmaca

Jume 1988

1-3 Jume,
sali, Indonesia

510 June,
Orlaado, Flocrida

7-9 June,
Oax Ridge
Universicy, ™

12-14 June,
Pittsburgn,
PA, USA

13-16 June,
Fredericksburg,
", UsSA

13-17 June,

Cleveland, Ohio

14 June,
Argonne, IL, USA

IRPLAST 858 - l[reland’s Inter—
aatiensl. Plrstics and Rdder
Exniditions. (Spemsoced by
Plastics ladustries Asseciatioms,
Contact: laternstienal Fairs amd
Exnibitieas Ltd., belgrave Heuse,
15 selgrave M., Sathaines,
Dublis 6)

Plastics Imstiteute of Americs,
Recycling Plas LLL, spomsered
Jointly with the Department of
Emergy, Wasmiagtea, DC.

MBS [atecraational Meecing on
Advanced Materials. (Sikxaa
Kogye Shinrbume Lid., $-10 Kudsa
Kita, l-chome, Chiyoda-¥u,
Terye 102)

Symposis oa Materisls. (Eucepean
Materisls Rgsearchn Society; Cemtre
de fecnerches Wucflaires, les
Pnase, F-67037, Scrasboucg, Cedex,
Frames )

TEQMAT 88 Exaidbition and
Conference: Advanced Materia.s.
(TEQRAT/SEFFL, 8 rue du ls
nicnodidre, 75002 Paris)

SEAISI 32ad Conferemce 1988.
(Soutn~-East Asis Ircn sod Scteel
Lastitute, P.O. box 7759, Airmsil
Distridbution Centre, Mmils
Iaterastionsl Airport, Passy Caity,
Pailippines)

1988 Lacernscionsl Povdar
Metsllurgy Couference and
Exhibition. (Netsl Powder
Iadustries FederaCion, American
Powde: Matallurgy lastitute,

105 College Rosd East, Princetom,
B.J. 08540)

Iaternational Conference on
Whisker and Fibdbre-Tougnensd
Cersmics (ASM laternstionsl,
Metals Park, O 44073, USA)

Internationsl Symposius on Alloy
718. Mecallucgy sad Applicscions.
(The Mecallurgical Society,

410 Commorweslth Drive,
Wsrrendsle, PA 15086, USA)

10¢n biemnisl Conferemce om
Netionsl Meterisls Policy: Thae
Role of Materisle Technology
Utilization in US Compecitivemess
(Federation of Materisls

Socisty, IM7 L Sc., MW,

Suite 13), ¥Wasniagtoa,

D.C. 20036)

Iacernational Comfereice om
Composite Incerfaces. (ASH
Interaationsl, Metals Park,
Ohio 44073)

Advanced Matsrisls in the
Manufecturing Revolution (Argomne
National Laborstory,

9700 $. Cass Ave., Argomne,

IL 60439)




1%~ 16 June,
Seattle, WA, USA

14=-16 June,
Milan, Icaly

1e~16 June,
Daytoa, OH, USA

20-22 June,
Algeria

10-11 June,
Sice, Fraace

20~26 June,
Cnicago

21-22 June,
Los Mageles

22-24 June,
soulder, CO

13-14 June,
Milvaukee, WI

27-29 June

Mugusc 1988

I-b Augusc,
Semianmoo Resort,
Wash., USA

2ad Electromics Matecials amd
Processes Conferemce. (SARPE,
2.0. box 24359, Coviaa,

Calif. 91722

Sinch laterantional SANPE Eurepesn
Chapter Conference/Exhibitioa:
New Generatioa Msterials sad
Processes. Cantro dei Congress: -
Milanofiori, Milsa, [taly.
Contact (Icaly):

Dr. Framce Ssporiti, SOGETUR, vis
Aurelio Saffi 6, 20123 Nilas,
ftaly. Pnome: (39)02-43N01I.
Telex: J24255. Also comtact
{Cermany): Claes N. Merkert,
Secretary, SAMPE European Cmapter,
c/o Messecschmitc-Bolkov-dlona
Cabil, Postfach 801160, D-8000
Manchen 80, FRGC. Paame:

(49) Muaicn 60-00-29-37,

Secoud Laternationsl SAMPE Metals &
Metals Processing Conference
(pusiness Dir., P.O. mox 2459,
COVIMA, Calif. 94722)

Taird Acad Iron and Steel Congress.
(ALSU, BP U4, Cnerags, Algeria)

Composites "88 (lIastitute for
ladustrial Techaical Transfer,

40 prowensde Marx Docwoy, F-93460
Gouraay-sur-Harne, Freace)

MPE ‘88 - Wational Plastics
Exposition and Conference.
(Sociecy of the Plastics Indusctry)

“Effective Mmufacturing
Agplicstions of Supecplastics
Forming foc the Enginesring
Specialist™ (Composites Group,
Society of Manufacturing
Engineering, dox 930, Dearborn,
nI 483121)

1988 Electronic Materisls
Conference. University of
Colorado, Boulder, CO. Contact:
Ms. b. Ksaperman, Msetings
Manager, The Mecsllurgical
Society, 420 Commoowealtn Dr.,
VWarcrendal  PA 15086.

Phone: (4.1)776-9050.

Telex: 910-380-9397.

Ceramic Matrix Composites Seminar
(College of Engineering & Applied
Science, University of Wisconsion
Milvaukee, Milvaukee, WI 53203)

Fourch Japsn-United States
Conference on Comgosite

Materisls. Washington, DC
Contsct: Dr. James W. Whitney,
American Society for Composites,
1350 M. Fasirfield M., Dayton, CH
45432-2698. Mone: (513)416-2045.

International Conference on
Superplasticity and Superplastic
Yorming. (Joinc Universicy/WIST
Metsllurgy bldg., Grosvenor
Street, Manchester Ml 7HS, UK)

W12 Augusc,
University of
Illimois,
Uchana [L, USA

22-16 Asgusc,
Sydney, Australia

28-31 Mugusc,
Montreal, Camada

September 1388

6-9 September,
boston, Ma

7-9 Septesber,
Rfubr Universicy,
socnum, FRG

12-13 Septeaber,
Puiladelpnia, PA

13-15 September,
Deacborn, HMI, USA

13-15 Septemder

19-21 September,
Richland, WA, USA

19-22 Septesber,
Warsav, Poland

Wosndestructive Testing and
Evalustion for Mamufacteriag ane
Construction. (Umiversicy of
Il1lwmozxs, 117 Tramspoctation
oldg., 104 S. Mathews Ave.,
Uchana, IL 61801)

MISTCERAN 88 “Ceramic
Developmants: Past, Present
and Feture™. (Mustralian
Ceramic Sociesty, P.0. sox 56,
Ui gnete, Victoris Ji%0,
asseralial)

Symposimm on structeral ceramics.
(Mecallurgicsl Society of CI% and
the Cansdiaa Ceramic Society,

NcGill University, 3450 Universicy
St., Moatreal, M), Camada N 2A7)

lagerastional Symposiuve and
Exhibition on Fibre Optics,
Optoeslectromics and Laser
Applications (laterastiomal
Society of Optical Enguaeering
(SPIE), Box 10, sellingham,
WA Y227, USA)

Interaational Colloquiua on
Crystsl Structure, Microstructure
and Propexties of Rinerals

and Ceramic Materials (Insticut
fir Ninerslogie, Runr Wniv.,
»ochum, PF 102148, D4630-socnums,
Re)

Fabricating Composites "88 Conf.
snd Exnidition (Society of
Menufacturing Engineers, ONE SME
Dr., P.0. Box 930, Dearbora,

Ml 48121)

&th Annual ASM/ESD Advanced
Composices Confecence and
Expositioa. (ASM laternationsl,
Mecals Pack, OM 44073)

Specialty Polymers ‘88: Third
Interastional Conference oa Mev
Polymeric Materials: High
Performsnce, Extreme
Environmentsl, sad Electrosctive
Polymers. Queens’ College,
Cawbridge University, Cambridge,
UK. Contact: HMiss Monique Heald,
Specialcy Polymers '88,
Butterwvorth Scieantific Led.,
P.0. sox 63, Westdury House,
sury St., Guildford, Surrey

Wl SH, UK. Pfnone:
h4)UMBI-3126). Telex: 859556
sSCITeC C.

"Influences of [ntecfaces on
Macerisls Synthesis and
Properties™ (mattelle Pacific
Norchwest Labs., Box 999,
Richland, WA 99352)

2nd Internstionsl Symposius on
sritcle Metrix Cumposices (Polisnh
Acsdesmy ~f Sciences, Institute of
Fundamenctsl Techn. Research,
Svietokrzyskas 21, 00 049 Wersaw,
Polsnd)




1922 Septesber,
Yiesbaden, FRG

19-2) Septembear,
carmisch-
Pactenkircnen, FRG

19-2) September,
Anaheim, CA

19-2) Septesber,
Hasburg, FRG

20~2) September,
Pniladelphia, USA

22-215 Septenmber,
Birminghas, UK

22-26 September,
Shanghsi, Chiaa

24~30 September,
Chicago, USA

16-28 Septesber,
Noordwi Jkerhout,
the Netherlands

Verbundwerk ‘'88: [acterastional
Congress and Exhibit for Advaaced
Ceramics. Wiesdaden, West
Cetmany. Coatact: D. Schashel,
Demat Exposition Managiag Qabi.
Postfach 110 611, §000 Fraask furt
a Maia, FRC.

Ficst Laternstional Coafecence om
Plasms Sur face Engineering.
Cermisch-Partenkirchen, Hest
Germany. Coatact: Conference
Secretariat, Deutsche Gesellschafc
fur Metsllkunde EV,

Adensueralle 21, 0-6370 Oberwrsel,
FRG. Phone: (49)06171-4081.

Mmetican Society for Noadestrective
Testing 1983 Fall Conference and
Quality Testing Shovw. Mmaheism,

CA. Contsct: ASHT Conmferemc:
Dept., 4153 Arlingace Plaza,

Caller No. 38518, Columbus, OH
432289518, Mone:

1-800-222-ASNT or (614)22-6003.
Telex: 2457,

The lateraational Congress oa
Optical Science and Engineering.
Hasburg Congress Cemnter,
Hamburg, West Germany. Contact
(US): SPIE, Meertings Depc.,
P.C. Box 10, sellingham,
WA98127-0010. Phone:
(206)676-3290. Telex: &6~N53.
Coatact (Europe): ESIC-Europtica
Services International
Commumnications, 16, av. Bugeaud,
75116 Paris, Freace.

Pone: (33)1-45-53-26-67.
Telex: 642632 AMNRIF. Fax:
(33) 1-47-04-25-20.

SME Conference and Exposition,
Fabricatiog Composites '88. Metal
Mstrix Composites '88. (Society
of Manufacturing Engineers,

?.0. »ox 930, Dearborn, MI 48121)

OPTICS/ECOOSA '88: European
Conference on Optics, Uptical
Systems aad Applications.
sirsiagnas, UK. Contact: The
Meetings Officer, The Institute of
Physics, 47 belgrave Square,
London SWIX 8QX, UK. Pnone:
(46)01-235-6111.

Chins Fibercom °'88.

[aternacionsl Conference and
Exnibition on Optical Fibre and
Modern Communications. (Shaaghai
Internationsl Trade, 3/F, Cao Yang
bldg., 817-337 Doug De Ming Road,
Shanghai)

Ist Vorld Materials Congress
(American Society for Mstals,
Mecals Park, OHIO 44073)

Second Llacernstionsl Conference on
Automated Composites (ECAC '83).
Leeuvenhorst Conference Center,
Noordvi jkerhout , the Mtherlends.
Contact: Tne Plastics and Rudber
Inscituce, Conference Dept.,

i1 Hobsrt Place, London SW1Y OHL,
UK. Phona: (44)01-245-9555.
Telex: 915719 PRIUK C

26-29 Septesber,
Seattle, WA, USA

27-29 Septemsber,
Chicago, IL, USA

27-29 Septesber,
Minneapol:is, MB,
usa

27-29 September,
sctussels, belgium

27-30 Septewber,
Minneapol is,
Minnesocs, USA

20-29 September,
Uaiversity of
sristol

October 1988

5-12 October,
Utrecne,
The Metherlands

10-13 Occober,
Singapore

18-22 October,
Munich, FRC

27-28 October

American Society of Composites
Third Mmval Tecnaical Comference
on Composite Materials.

Seatcle, WA. Comtact:

Dr. Jamms M. Wnicaey, President,
American Socrety of Composites,
1350 North Fairfield M., Daytos,
O 45432-2638. Paone:
(513)A26-2045.

Materials, Applicatiocas and
Sexrvices Exposition: An
Expositieon of Iacerasticmal
Advaaced Macterials Processes (AsH
and TNS). McCormick Place,
Caicago, lL. Contact: Meetiags
Dept., ASM laterastional, Metals
Park, O 44073. Paone:

(216) 338-5151.

20ch Lataranacional SAMM Techaical
Cox ference. Minaespolis, MM,
Contact: Ms. Marge Smith, SAMPE,
$h3 W. Clentans, pox 2459, Covins,
CAYLIZ2. Pmone: (818)331-Usl6.

Elecicocersmics II. Umiversicd
Libre de druxellas, asrussels,
selgiom. Comtsct:

P.#. Duvignesud, Lab Cnisie
Ioguscrielle et Chimie des
Solides, Universicé Libre de
sruxelles, (C.P.165),

30 av. F. Roosevelt, 1050
Brussels, delgicm.

20¢h Llacernacional Technical
Conference on Materiasls and
Processes in sll ladustries.
(Society for tne Advaancesent of
Material and Process Engineering,
P.0. pox 2459, Covina,

Calif. 91722)

Materials in Modern Emergy Systems.
(lastitute of Metals, | Caricton
douse Tervace, London S1Y 508)

Logistica - Iateraational Trade
Shov on Msterials Flow Comtrol.
(Koninklijke Nederlandse,
Jasrdbeurs, Postbus ¥500, ML-3503
W Utrecht, the Metherlands)

CITY TRANSPORT - Exnibition of
Msterial and Services ia the Tield
of Public Trensport. (Oy Lindderg
Organisers AB,

Kaskenkssts jantie 18,
Swedjefsllarvages, SF-02100 ESPOO,
Finland)

CERAMITEC - Iaternational Trade
Fair of Machinery Equipment, Plsac
and Rav Materisls for the Entire
Ceramics Indusrry. (Minchner
Messe- wad Ausstellungs

ges .a.b.U., Postfscn 121009,
D-3000, Minchen 12, FRG)

"Future Snock: Prepering for
Tosorsow's Cnallenges in Plastics
Procsssing.” Sponsored by the
Society of Plastice Engineers
Central Indisns Section.
Contact: Cersid Stesie,
(317)283-5635, USA,




Sovember 1988

2-6& November,
Turia, ltaly

7-11 Novewber,
Sacajevo,
Yagoslavia

8-10 November,
Serat focd-
upon-Avon

Internationsl Mew Technologies
aed Innovatioas Fair. (Tocine
Espos izioni SpA, Cocso Massimo
d'Azeglio 15, 10126 Turin,
Lealy).

Internationsl Plastics and Rubber
Fair. (Cantre “Skeuderija™, Ulice
Mice Sokolovica db, YU-71000,
Sarajevo, Yugoslavia).

1st Iaternational Conference on

the Behaviour of Materials in
Machining. (Eagineering Commitiee

1015 Movember,
Tokyo, Japan

27-30 Movember,
Las Vegas, MV, USA

30 Novester -
1 December,
Londoa

of Lastitute of Metals, I Carlcton
House Terrace, lLondon SVLY 50m)

12¢n Plastics and Rubber Fair.
(Ginza-Yamegisnr sldg., 2-10-6,
Ginza, Cavo-xu, Tokyo 104)

3rd Iaternational Symposius on
Ceramic Materials and Componeats
for Engines. (Sponsor: Americen
Ceramic Society)

Plastics on the Road '38.
(Plastics and Rubber !nscituce,
L Mobart Place, Londoa SWIVW OHL).




New materials give
wing to the creativity
of designers.

BAS

The Spirit
of Innovation

/ ”..«‘&&&

Technical designs, in all fields, demand
increased performance but manufacture
requires reduced costs, energy saving and

" environmental consciousness.

Designers are not at a loss for creative
ideas but it is often the knowledge of a new
material that provides the innovation.

That is why BASF is investing in plastics
technology to meet future requirements.

We are among the top international group
of manufacturers of new materials and are
involved in research and development in
Europe, the United States and Japan.

One outstanding example of our work is
the revolutionary construction of the Beech-
craft Starship 1.

The whole body of the plane is made of
carbon fibre composites — a material which,
weight for weight, is much more rigid and
stronger than steel. Further features in
its favor: it is absolutely cimensionally stable
and resistant to corrosion and high temper-

o~

~~— P

atures. Experience has shown that such
developments in the aircraft and aero space
industries provide important stimuli for other
markets.

There are already fascinating prospects
for this material in automobile manufacture,
mechanical engineering, and modem prod-
ucts for the domestic market.

The basis of our commitment and experi-
ence with composites is leading to a natural
systematic development of a wide variety of
potential. applications. This approach coupled
with the cooperation of our customers is
resulting in benefits, through versatility and
efficiency, to industry and individu ¥is.

BASF Aktiengesellschgn - D-8700 Ludwigshafen

AF 1152¢
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Price List for Advertisements in the Publication
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Materials Technology:

| MONITOR

General provisions

1. UNIDO activities in the field of advertising are non-profit-making and are carried out to
cover the cost of preparing, publishing and mailing its publications, which are sent to
readers all over the world free of charge.

2. Requests fur placing advertisements in the UNIDO Advances in Materials Technology:
Monitor should be made in writing. They should be accompanied by a layout,
illustrations and a text containing all necessary information.

3. Advertisements are printed in black and white and in English only.

4. UNIDO reserves the right to reject advertisements without giving reasons, to suggest
amendments or to hold advertisements if space is not available.

5. UNIDO cannot guarantee to print advertisements on specific pages of the Monitor.
Page proofs will not be provided to advertisers.

6. Payment of invoices is due immediately after receipt and should be made within 30 days
in United States dollars or Austrian schillings to the UNIDO bank account (see below)
or to the Treasurer, UNIDO, Vienna International Centre, P.O. Box 300, A-1400 Vienna,
Austria (telegrams: UNIDO Vienna Austria; telex: 135612). Upon payment, please
advise the Head, Development and Transfer of Technology Division, at the same

address.
Bank accounts
For dollar payments: For schilling payments:
“UNIDO dollar account” No. 29-05115 “UNIDO schilling account” No. 29-05107
Creditanstalt Bankverein Creditanstait Bankverein
Schottengasse 6, A-1010 Vienna, Austria Schottengasse 6, A-1010 Vienna, Austria

"UNIDO general account” No. 949-2-416434

The Chase Manhattan Bank

international Agencies Banking

380 Madison Avenue, New York, New York 10017
United States of America




Prices

Prices in Austrian schillings (AS)

Size (or equivalent in USS$)
Full page (255 mm X 178 mm) AS 5,000
Y, page (125 mm X 178 mm or 255 mm X 86 mm) AS 3,700
Ys page (178 mm X 60 mm or 125 mm X 86 mm) AS 2,500

The price for the publication of announcements of up to five lines under the rubnc
“Resources available”™ is AS 1,000. The text is subject to editing.

Resources available

Know-how, designs and licences offered to manufacture drilling machines for water wells
of up to 2.5-m diameter and 80-m depth and for concrete-injected piles of up to 2-m
diameter and 45-m depth. Claude Bourg, Drill-France, B.P. 15, Le Haillan 33160, France.

Know-how available to manutacture synthetic ceramic from mineral wastes, sand and a
binding synthetic resin for use as sanitary ware, material for furniture, decorative items etc.
L. Valette, Administrateur Gerant, Science, 98 avenue de Tervueren, 1040 Brussels,
Belgium.

Manutacturers of various metal powders offer know-how for the production of electrolytic
copper and iron powder, atomized aluminium powder and synthetic iron oxide. R. Devroy,
Radar international, Post box No. 2014, Calcutta 700 001, India.

Technical know-how and complete turnkey plants availabie for the production of mono-
crystalline and poly-crystaliine solar photovoltaic cells and modules and integration of
systems, such as photovoltaic powered pumping, refrigeration, communication and water
purification systems. N. R. Jayaraman, Vice-President, TPK International k.c., 36 Bentley
Avenue, Nepean, Ontario K2E 678, Canada.

Technology and licensing available for manufacturing pclyurethane from saturated
polyester polyols, polyether polyols, isocyanate intermediates, one- and two-component
polyurethane systems. Capacity tailored to reauirements, from 2,000 tonnes upwards.
Application: flexible, semi-rigid polyurethane foams, industrial and domestic appliance
insulation, shoe soling, coating and sealants. Synthesia Inter AG, Tigerbergstr. 2, CH-9000
St. Galien, Switzerland.




Fully <!ectronic plastic injection molding machines “ACT”
provide versatile, high-precision molding.

All "ACT"-modeis come equippad
with advanced CNC controllers
&3 weil as AC servo motors. Fast,
easy sefting of parameters using
8 versatile 1, colour graphic CRT.
Without need for setung limit

$ - 'iches, valves and other mechan-
ical adjustment. Al moiding param-

alers are recalled within seconds
from the built in memory. With

additions! externsl memory, capic-

ity can be expended up 10 240
molds. CNC controliers and
AC servo motors provide high
precision molding.

The "ACT™ clamping unit features

a double-toggie design. It ensures
high speed and repeatability.

An AC servo motor 18 also used

n the sjector mechanism Pro-
gramming from CRT, number of
strokes. length. speed and s’arting
position provides maximum flexibil-
ity. Each AC servo motor operates
with a precision of 0.01 mm for each
movement and also during move-
ment. All AC servo molors are
maintenance free and carbon
brushes are not required

The ACT's combined use of power-
ful AC servo motors and precision
ball screws has enabled exact
of inj SCrew posi

and injsction speeds The ACT's
axtra heavy-duty AC servo motor
features advanced phase control

hnology which or-
tul torque even in the higher speed
range. in addition 8 pressure sensor
15 mounted at the base of the screw
10 provide preassure control
accuracy.

Cincinnet! Milosron Austrie AQ
Lo-mrv Sirabe 246
Postiach 111, A-1332 Wien, Austrie
Tl (022216778010

Teiex 121518 cmaw o

Teiefax (02221072272

The AC servo motors utihzea m the
ACT are exiremety efficient since
they run only when nseded and
only {0 the extent needed They
theredy resull in 8 smyrnicaii savmig
n energy. Power consumption s
reduced by up to 75% Oilless
bushings are used in the fogglec
and pisten guicas. As 8 result.
molded products ar® kep! free of
o and the work environment s
Kepi 84573 ~lean Al TACT” models,
trom 150 kN up 10 3000 kN, with
direct drive ty AC servo motor
make for extremely quiet operation
and 8 clesn, pleasent work environ-
ment. ideal for clean room appls-
cations.

Dowisshe Mederiossung v

foshnisches Zontrum
hﬂwwm "o
fach 414, Offar.bech (mem)
Tot - (0 09) 83 04-0

Totex: 4152062 [}

Telotax: (000) 84 38 29

CINGINNATI
MILACRON




Why should pipe producers consider the new automatic

Because:

You will ba able to control wall
thickness tolerances not only
over the full pipe .angth but
ov:&v pipe circumference as

well,

This {eature yields wall thick-
ness tolerances of below s of
those admitted by DIN stand-
ards, and you save expensive
raw materaft

CIMIMAT * is meant to incresse
the efficiency of your opera-
tion and heips you to reduce
raw material costs while at the
same time producing bstter
quslity pipe products.

pipe plant “CIMIMAT""?

You will be fully independent of
fluctuations in aﬂerem w
material compounds

The naw weighing sy
SAVEQOMAT controls m pre-
cise matavisl consumption of
the extruder. When empioyed
in standard pipe plants, the
SAVEOMAT system makes for
controlling haul-off speed so
38 tc resch contant meter
weights. And when emoioyed
in 8 CIMIMAT® pipe line, the
data acquired are used for
automatic gauging in uitrasonic
wall thickness measuring.

In this way yov are independ-
ont of temperature fluctuations
and the wall thicr ness meter
will control haul-off and center-
ing units to minimum wall
thickness

Finding better ways
to more profit.

The automatized pipe extru-

sion line CIMIMA
with the thermal pi
system CIMICEN
This is replacing & compue.w
snd mecheanically sensitiv

@ die-
head construction.
The thermal pipe centering
system CIMICENT® works fault-
f.ee and is able to contralise
thin or thick sreas by equalis-

ing oposing sides.
With C'MIMAT® you'll have an
advantage in the very compe-
titive pipe market.

is equipped
centering

Cincinneth Miasvon Avstrie AG

~ aagrburger Strabe 248

Pastiacr 111, A 1232 Wien. Ausing
Te (02228776110

Teor 17318 cmaw 2

Teatax (32320072212

The automatic pipe plant
CIMIMAT® means reliabsty to

ynu
icrOprocessor control

ClMICRON /16 guarantees
pipe production within closest
tolerances and it warrants
moreover that once optimized

process paramaters are
uuably raproducibie.
Only the mtoma pipe plant
CIMIMAT* from CINCINNAT!
MILACRON AUSTRIA offers
you the combined advantages
of the thermsal pipe centering
system CIMICENT* and of
automatic gauging of the wall
thickness measuring

Cincinnati Milecren U. K.
Castie Vaie Ingus el Estute
Mgyorook Roed, Minwoiih
Sutlon Coidheid

Weost Michands. B 76 888
Te: {021) 3816719

Te-a3 JMA43 Cimucy §
Teretex (021} 361" 907

CINGINNATI
MILACRON




UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGAN1ZATION
Vienna International Centre, P.0O. Box 300,
A-1400 Vienna, Austria

Advances in Materiasls Technology: Monitor
Reader Survey

The Advances in Materials Technology: Monitor has now been published since 1983.
Although its mailing list is continuously updated as new requests for inciusion are
received and changes of address are made as soon as nctifications of such changes
are received, I would be grateful if readers could reconfirm their interest in
receiving this newsletter. Kindly, therefore, answver the questions below and mail
this form to: The Editor, Advances in Materials Technology: Momitor, UNIDO
Technology Programme at the above address.

Computer access number of mailing list (see address label):

Name:
Position/title:

Address:

Do you wish to continue receiving issues of the Advanccs in Materials Technology:
Honitor?

Is the present address as indicated on the address label correct?

How many issues of this newsletter have you read?

Optional

Which section in the Monitor is of particular interest to you?

Which additional subjects would you suggest be included?

Would you like to see any sections deleted?

Have you access to some/most of the journals from which the information contained
in the Monitor is drawn?

Is your copy of the Monitor passed on to friends/colleagues etc.?

Please make any other comuents or suggestions fcr improving the quality and
usefulness of this nevsletter.




Request for ADVANCTS IN MATERIALS TECHNOLOGY: MWOWITOR

FOR NEW SUBSCRIBERS:

If you would like to recelve lpsues of the Advances in Materfals Technology:

Honitor im the future, pleese complete the fors bLelow and return it to:

UNITED NATIONS @ NATIONS UNIES

ARITED RAVWAE hELATEIAL BEYEIPHLRT WIRLIRATRSS

UNIDO MAILING LIST QUESTIONNAIRE

Advances in Materisls Technology: Moni
(Codes 504)
VIS0 HANINE LT, IIDUSTRIAL INFORMATION SICTION,
5. SOR 300, A 1088 VIENNA ARTAIA

tor

Type or grint cloarly {ons Wotur por bos) and loows » e Setumun sach ward

NAME junderivn teedy reme) B ] I -
—— — - = — Pl 2d aad -—
TITLE OR POSITION R | | 1 |
= i 4.
ORGANIZATION
STREET AND ¥ TT0TT ] “_' 11TV
2 lor PO Qand —J
CITY AND STATE OR PROVINCE [ | - 4114
COuNTAY Lr .

PLEASE DO WOT WRITE tis Trl St SPACKS

w ] ewenl] came[ 1]
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Readers’ comments

Ve should appreciate it if readers could tske the time to tell ue in this

spasce vhat they think of the 1lth
Monftor.

f1esue of Advances in Materisls Technology:

o ganized vill help us in precaring future tssues of che Monftor.

for your co-operation snd look forvard to liearing fros you.

Comments oo the usefulness of the inforsation and the wvay it has been

We thank you






