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Practical Rationale for Seeking Higher Tc

Superconductors

•  The classes of newly discovered superconductors is 

burgeoning

• Some with high transition temperatures.  

• We have no real understanding of the limits of existence 

of superconductivity.

•  To meet all the desired applications of superconductivity

at 77K or higher may require a new superconducting

material



Limitations of YBCO for Electrical Applications

From DoE report

YBCO



QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

Classes of Superconductors Based on Tco

From DoE Report
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�Depairing Critical Current Density vs Tco



GL Depairing Critical Current Density
(Kinetic energy density limit)
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QuickTime™ and a
TIFF (Uncompressed) decompressor
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Superfluid Density vs Tco
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Size of Cooper Pair vs Tco



Vortex Pinning, Vortex Phases and Vortex Motion



Ginzburg Number*:

• Relative measure of the thermal energy and the

condensation energy in a coherence volume

• The smaller, the better

Thermal Fluctuations in Vortex Phases
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Notional Third-Generation (3G) Conductor

Relataive to YBCO (vF constant)

Tco Performance
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•  Basic design constraints:



EJ o

2
/L kBT,  1 L o

2
/kBT



IoL o (Desired double well; can trade off Io and L)

(Stable against thermal disruption)



Io  Io

max  JoJ

2
 co /8(2 d) L o /Io

max

(No self-shielding in junction)

Limitations for Josephson Junction Memory Circuits

x Io

L



F(



“1”

“0”

IoL 

L constrained from above and below



QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

Io
maxIo

typ



LMax o

2
/kT

T=40K

T=400K



(  50)



IoL o

Tightning of Design Window

LMin



Design window closes at a temperature
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Guidelines for Practical Higher Tc Superconductors

•  High Tc (immediate target is operation at 77K, 3G

conductor)

•  Low anisotropy

•  High electron density

• Take care with large unit cell volumes

• Take care with Josephson-coupled nano/meso-units

Correlative questions:

•  Does highTc require low n and/or dimensionality < 3?

• What is practical superconductivity like in the local
pairing (Bose-�Einstein?) limit?

•  How good can a bad superconductor be?

•  How good is good enough?


