
Supaconductor Race 
Shifts to a New Arena 
Materials research and a fair bit of ingenuity have made 

possible a new--albeit limited--range of applications 

WHEN IBM RESEARCHERS GEORG BEDNORZ 
and Alex Miiller announced in 1986 that 
they had discovered a material that lost its 
resistance to electricity at 30 K, visionaries 
soon began prophesying a new world of 
high-tech marvels based on high-tempera- 
ture superconductors (HTSs). But reality 
quickly intruded. After 2 years of spectacular 
advances, critical temperatures (Tc)--the 
point at which a superconductor's critical 
current density drops to zero-hit a brick 
wall (see chart). With one exceptionan un- 
confirmed report h m  Hitachi h e r s  
who last month described a vanadium oxide 
compound with a critical temperature of 130 
K-Tc has been flat at about 125 K for 
nearly 3 years. The race to find compounds 
with ever-higher critical could be all  but 
over. "In 6 or 8 months, we went &om 23 
K to 100 K," says Alex Ignatiev, director of 
the Texas Center for Superconductivity at 
the University of Houston. "It was hoped 
and expected that we'd go another 100 Kin 
another 6 to 8 months. It  just hasn't hap- 
pened.. .There are no simple or obvious 
modes for going another 50 K n  

But as that race has stalled, another has 
been rewing up: the competition to engi- 
neer useful materials out of the brittle and 
balky ceramic compounds that make up the 
M y  of high-temperature superconduc- 
tors discovered so hr. The original materials 
were limited in the electric current they 
could carry be& losing their supercon- 
ductivity, and they were Ear too fiagile to 
form into wire or withstand the stresses of 
high magnetic fields-but these problems 
are gradually yielding to intense research 
efforts. Although only a few enthusiasts talk 
of levitating trains or launching spacecraft 
with IFTS magnets these days, high-tem- 
perature superconductors may soon find a 
niche in applications ranging fiom tempera- 
ture sensing to communications. 

Most of the research is focusing on 
YBa,Cu,O,, also known as Y123 or YBCO, 
which has emerged as the workhorse of 
applied superconductivity research. Al- 
though not a record-holder-its T, is 90 K- 
Y123 is probably the best understood HTS 
compound. 

The earliest high-temperature supercon- 
ductors could carry currents little stronger 

than 100 amperes per square centimeter- 
and even that paltry current vanished if the 
material was subjected to a magnetic field of 
just 0.1 tesla. Enter "melt-textured" pro- 
cessing. Researchers at several laboratori- 
notably ArgoMe National Laboratory and 
the University of Houston-have partially 
melted HTS compounds and then cooled 
them to form a solid without current-ob- 
structing grain boundaries. The result: they 
have pushed current density to 10' amperes 
per square centimeter, according to Univer- 
sity of Houston researcher Kame1 Salama. 
And that's good enough for magnet appli- 
cations. What's more, the same materials are 
capable of sustaining superconductivity (al- 
though at lower currents) in the presence of 
a field as strong as 30 tesla-an important 
prerequisite for the development of most 
energy or transportation applications. 

Melt-textured pro- 
cessing, however, nuns 
out to have its prob- 
lems. The first is that it 
produces only a very 
small sample ofY123-- 
w i m  a 
chunk with an area of 2 
square centimeters. 
~ h o u g h  Salama says 
such chunks can be 
"glued" together to 
perform as a single 
magnet, producing 

potential "weak links." Though he has yet 
to verifjr it, Singh has come up with a ten- 
tative explanation: since larger grains are 
under greater stress than smaller grains, they 
contain more "microcradrs" that are also 
potential weak links. 

But Singh is not counting solely on low- 
temperature firing to improve Y123's me- 
chanical properties. He and Salarna are both 
working on what they call "microcom- 
posites," in which they add silver to Y123 
during processing. Already, they have 
boosted the material's malleability by a tactor 
of 2 and its strength by about 3096. Singh 
reports no loss of current density, but Salama 
says his rn i~~~omposi te  material canies a 
critical cumnt of only 25,000 amperes per 
square centimeter. 

Salama has also tried a "mauocomposite" 
approach in which he embeds long fibers- 
probably carbon, although he won't confirm 
that-in Y123. That improves the malleabi- 
ity by a &tor of 3 and puts it in the range of 
very hard steels-and just as strong. But 
there's a downside: the mauocomposite con- 
ducts no more than a few thousand amperes 
per square centimeter, Salama says. 

Nevertheless, Singh, for one, is optimis- 
tic. "In my opinion, these compounds are 
good enough for commercial applications," 
he says. If he's right-and he is hardly dis- 

a angle sample. Hlttlng the wall. Critical tempemtun rose 100 K i n  less than 2 
A years but has been stuck around 125 K since early 1988. 

ent approach to pro- 
cessing has been taken by researchers at I interested-the likeliest candidates fix im- 
Argome, where a team led by J. P. Singh 
has been trying to improve the mechanical 
properties of Y123. Singh says that, in gen- 
eral, firing the Y123 ceramic at a lower 
temperature reduces the grain size of the 
ceramic, which in turn improves its strength 
and flexibility-without sauificing current 
density. That's a surprise because smaller 
grains ordinarily present more grain bound- 
aries to a current, which must hurdle these 

mediate commercialization are sensitive 
temperature sensors known as bolometers 
and magnetically levitated bearings, which 
may one day be useful in harsh environ- 
ments where mechanical bearings have a 
tendency to seize up. 

Some types of superconducting electron- 
ics may also be early candidates for 
commercalization, th& to recent work in 
generating thin films of HTS material on an 
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insulating substrate. The major mechanical 
obstacle-obtaining a smooth and uniform 
film-has largely been solved by the use of 
laser ablation, says Roger Koch, a physicist 
at IBM. This technique involves vaporizing 
or  "ablating" a single-crystal sample ofY123 
with a laser and condensing the material o n  
a substrate. This allows smooth, orderly 
crystal growth. 

Researchers are already excited about 
forming circuits and devices out  of  HTS thin 
films. The most advanced work is being done 
in SQUIDS (Science, 24  August, p. 862), but 
several other applications look promising. 
Foremost among these are high-resolution 
antennae, which can be tuned far more pre- 
cisely than non-superconducting receivers. 

Laser ablation also lets researchers enter- 
tain the idea of  forming transistor-like devices 
out  of  HTS material. Sandia National Labo- 
ratory researcher Chris Tigges has developed 
a "flux flow transistor," a device based on  a 
thallium HTS compound that uses magnetic 
flux to modulate a current. Tigges says his 
transistor switches at speeds of up  to 36 
gigahen-z-as fast as the quickest gallium 
arsenide devices. "When a new thin-film tech- 
nology can have the same response as a con- 
ventional process that's been worked on  for 
half a century-that's exciting," he says. But 
Tigges adds a note of  caution: "I haven't the 
foggiest idea when you might make [an 
ultrahigh speed] computer," he says. 

M I T  physicist Marc Kastner has been ex- 
ploring another transistor-like device, the 
superconducting field-effect transistor (FET), 
which would mimic the action of  existing 
silicon or  gallium arsenide transistors. Ordi- 
nary FETs modulate current flow through a 
narrow channel with a n  electric field. 
Kastner's idea is to d o  the same thing with 
a strip o f  Y123 that he has driven into an 
insulating state by heating the oxygen ou t  of  
the crystal. H e  believes it should be possible 
to drive enough electrons into the denuded 
Y123 with an electric field to observe sup- 
erconductivity. For now, he's able only to 
manipulate the density of  electrons within 
the film in the absence of  superconductiv- 
ity-but he remains optimistic. "It took 2 0  
years to make the FET work, although it was 
the first design they came up  with," he says. 
"It's a matter of  finding the right chemistry." 

The current state of  HTS research is not 
cause for optimism if you're anticipating 
developments that a recent report by the 
National Commission o n  Superconductiv- 
ity recommends as national goals-develop- 
ment o f  a high-speed supercomputer and a 
prototype H T S  wire and magnet project. 
Neither is likely to come about soon. But if 
you're willing to live with incremental ad- 
vances, the state of  the art is progressing 
nicely, indeed. rn DAVID P. H ~ I L T O N  

L'S Ineor-~~  nern-- -ne iseef? 
.ears after ~lncement .st high-temperature 

conductors (HTSs), researchers are still trying t o  explain how these strange n 
behave. Indeed, theorists arc in a profound state of  disarray, unable to  a; 
anything beyond basic assuniptions that might explain superconductivity 
peraturcs above 35 K (about -396°F). And until a good explanation is a~rai 
is impossible to  lethrr changes in th 
might push criti, eatures still higher. 

Such a lack o f '  is hardly unusual, hc 
temperature superconductivity-the Rardcen-Cooper-Shrieffer (HCS) tl.L,,,J 
wasn't developed until about 50 years after the phenomenon was discovered. And 
even then, the theory explained the phenomenon of superconductivin well, but it 
didn't offer much predictive po\i7cr. 

>rtcomings, the RCS framework makes ; 
3rists have been trying to build their ( 

RCS is its description of superconduct 
conduct~ng electrons somehow become "pair-bonded" in[,, .,,,,,, that slide t , , , , ~ ~ , ,  

the superconductor's atomic lattice at low temperatures \ivithout the resistance 
encountered by single electrons. 

Most physicists no\i7 agree that such Cooper pairs lie at the heart of high- 
ratilre supercond~~c  reement is a major advance 
~ ' t  have gotten peopl :cars ago," says Oregon State F 
Sleight. Thc convi provided by magnetic flux rr 

that demonstrated that quantized units of flux-knoxvn as "fluxon 
inversely proportional t o  nvice the electronic charge in I 
consider this measurement a clear indication that elcctrc 
the model. 

:r exactly 
e vibratio 
hat make 

theory. L..,..L .,,eories postulate some kind o t  a "mcdi,,,,, ,,,, k,,,, ,.,,,,, 
BCS theory, that role is played by quantized lattice vibrations knotvn as p t  
but a set of experiments suggests that phonon mediation cannot explain pair t 
in the new high-temperature materials. These experiments, performed at a 1 

of laboratories over the la: ed a prop' 
effect." Put simply, if elec ction is a1 
critical temperature shoul ain predic 
isotopes of  a lattice atom-.,,), ,J.,:5,,, ,,, .,3-are substituted for light is,,,,,,. 
Despitc some initially contradictory results (: 
there is now substantial conscnsus that these 
isotope effects-not enough to explain HTS. 

So now most physicists have de\-ol 
some initially promising candidates h 
first described by Robert Laughlin c 
nvo-dimensional pseudopamcles t r , . ~ , , , , ~  .,, .,,! LL, , ,L  \ v y p . - r , n t c & \  

present in most HTS compounds. Anyons break a property known as "time- 
symmetry" and can he detected by measuring the polarization of  light reflectt 
a sample. Groups at Bell Labs and the University of Dortmund in Germany I 

I symmetry. Rut othc ~easurements bv a St ~m with 
ve equipment f'ailed : any sign of  this pt- n. "It's 
how the Stanford e t could have gone v .vs Bert 

Halper,,,, . .,, ,wd  physicist and ersnvhilc anyon fan. 
There may be even bigger headaches for theorists yet t o  come. SIeig 

instance, believes that HTS materials exhibit a peculiar disorder that defies 
solid-state physics' most cherished assumptions-periodic svmmetry of the 
lattice ces much ,\ridth of  a unit cel 
svmmc :s calculat xhavior, so if the a 
tion fa1 s for figuri : on  in HTS material 
be drar,,,,,,. .., ,,,, . hrLlt this into aalvuLL,  Je igh t .  Could it be t c j t l ~  
a change? D.P.H. 
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