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Thus the mercury at 4.2 K has entered 
a new state, which, owing to its 
particular electrical properties, can be 
called the state of superconductivity  

H. Kamerlingh-Onnes (1911)

1911
A Big Surprise!
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Superconductivity
Today

Tevatron
Fermi National Laboratory

Magnetic Resonance Imaging
Philips
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Another 
Big Surprise!

Bednorz and Mueller
IBM Zuerich, 1986
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1987
“The Prize!”
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Woodstock of Physics
NYC, 1987

Physicists’ Night Out!
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“The Great 
Communicator”
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Fame

…but not fortune (yet!)
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Emerging 
Applications

Small Scale (Electronic)
Cellular Communications   
Medical Probes
Digital Computers
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Hearing a Pin Drop

Conventional front end  left in cell site  
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Those Magnetic
Moments

i
vj

“SQUID”

I

B

Ampere’s Law

“SQUID”
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MagnetoTomaGraphy

Ischemic Heart - Early Stages

Healthy Heart

Cryogenic Electronic Systems 

MagnetoCardioGraphy

http://www.ces-squid-systems.com/
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MagnetoTomaGraphy

MagnetoEncephloGraphy

MRI + MEG

Speech Center Pathologies
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TRICORDER
The Magnetodiagnostic Endgame
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“1’s” & “0’s”

? ?

? ?

Rapid Single-Flux Quanta
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10 GHz 0.05 um
0.07 um

0.10 um

0.12 um
0.14 um

0.20 um
1 GHz

"no known solutions"

optical lithography
100 MHz

1995      1998     2001     2004     2007     2010
Year

Si – CMOS

1 THz

HTS RSFQ  (??)

100 GHz 30M JJ
3M JJ 0.4 um

300K JJ 0.8 um
10K JJ          1.5 um
3.5 um

“1’s” & “0’s”
Petaflops

http://pavel.physics.sunysb.edu/RSFQ/
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Large Scale (Power)
Maglev Trains

SMES

HTS Wire
Motors

Transformers

Cables

Emerging 
Applications
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MagLev
Yamanashi Test Line
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MagLev
Yamanashi Test Line
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SMES
Superconducting Magnetic Energy Storate

From Supply

To Load

From Supply

To Load

From Supply

To Load
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HTS Tape
Gen I:  It’s Here!

“The Miracle of 1989”
Bi-2223

Pb-stabilized
Bi2Sr2Ca2Cu3Ox

TC = 110 K
JC > 105 A/cm2
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Oxide Powder Mechanically Alloyed Precursor

1. Powder
Preparation

“The Miracle of 1989”

HTS Tape
Gen I:  It’s Here!

A. Extrusion

B. Wire Draw
C. RollingDeformation

& Processing
3.

Oxidation -
Heat Treat

4.

Billet Packing
& Sealing

2.
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Gen I:  It’s Here!

“The Miracle of 1989”
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Motors

• 25,000 hp
• Small, Light (1/5 

Conventional)
• High Power Density
• Quiet
• Robust

http://www.amsuper.com/navy.htm
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Transformers

Waukesha, IGC, ORNL, DOE
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Transformers

• 24.9 kV/4.2 kV
• 67 A/694 A
• 3?, ? /Y
• Fault tolerant
• Efficient
• Smaller Footprint
• Oil-free

http://www.ornl.gov/HTSC/htsc.html
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Electricity:
A Life Necessity

California, Summer 1996

Quebec, Winter 1997
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It’s Crowded 
Down There
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Power Out ager
“We are sick
and tired of
them, and they 
had better 
change!”

Chicago Mayor
Richard Daley on
the August 1999

Blackout
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1967 SC Cable !

100 GW dc, 1000 km !
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Brookhaven LTS ac Cable
1975-86

135 kV, 1000 MVA, 3?????? m

Nb3Sn, 7-9 K

• Technical Success

• Poor Economics
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HTS Cables:  
They’re Here!

12,400 Volts

1,250 Amps

3 Phase

Southwire 
Cable Plant
Carrolton, Ga.
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…and Running!

18 Feb 2000
>2500 hours!
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DTE HTS Cable
NY Times, 11/3/98

• Detroit Edison to begin use in 2001.  $5.5 M 
project in innerurban substation

• Pirelli, ASC, Lotepro, EPRI, DOE

• “...help U.S. build ... its competitive position in 
world market for HTS applications.” DOE Sec. 
Richardson

• “...revitalize older urban area in  non-intrusive, 
environmentally friendly way.” R. J. Buckler, 
DTE CEO

ENERGY SECRETARY RICHARDSON OPENS 
GATEWAY TO ELECTRICITY SUPERHIGHWAY
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DTE Project
• Cable Specs

– 130 m, 24 kV, 3 ?, 3000 Arms, LN2

– Substation Location, 4” Dia. Surface 
Ducts

• Advantage to Utility
– 1:1 Overhead to Underground
– Elimination of 120 kV Subtransmission 

System Due to Lower I2R and CV2 Losses
– Utilize Existing 4” Conduit 

Infrastructure
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Then and “Soon”

1000 Arms 3000 Arms
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Frisbie 
Substation
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Frisbee 
Substation

Step-Down
Transformer

Substation
Distribution

Building
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Frisbie Layout

130 m cable
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Transformer &
Cryostation Site

Incoming Lines

Manhole
“13446”

Cryostation
(near ladder)

Back Side of 
Transformer

101Old Geezer
for Scale
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“Manhole 13465” 

Location of Future Joint
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Distribution Bldg 
Basement

Incoming Lines
from Substation

Yard

Terminations
Two Floors 

Up

Male Models
Courtesy

Detroit Edison
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7 Sept 2000
Livorno-Ferraris

Clever Placement of
Personnel to hide
Pirelli proprietary

technology
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7 Sept 2000
Livorno-Ferraris

No hablo
italiano
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But…Gen I has Problems…
Silver is one…

JC Paths @ 12 K
> 3.6?105 A/cm2

> 2.6?105 A/cm2

> 1.6?105 A/cm2

= 0 A/cm2
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HTS Tape
Gen II:  It’s Coming!

“1-2-3 is Better”

Y

Ba

CuO
Pyramids

CuO
Chains

CuO
Planes

YBa2Cu3O7-y

TC = 93 K

JC > 106 A/cm2

JC > 105 A/cm2 (1 T)
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Coated Conductors
Generation II Wire

• Biaxially 
Oriented Y-123

• Out of Japan, 
LANL, ORNL

• DOE/Industry 
Alliance to 
Commercialize
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LANL’s Finest

Generation
II

106

105

104

Generation
I
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It’s 2015
• A World at Peace

• Global Climate at Risk

• Continuing Industrialization Reaches All 
Corners of the Planet
The Nuclear/Hydrogen Economy at last!
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Laguna Genome
• State of Sonora, Mexico
• 2000 km2 of Semi-Arid Arroyos 

Bordering El Golfo de Cortez
• “Greensite” Location of a New Biotech 

Industry/Residential Community of 
50,000

Our Mission: To design and install the 
societally optimal energy and communication 
delivery system for Laguna Genome
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Solution

CyroEnCom
A foundation for energy

and information delivery based on
a spread of cryogenic technologies
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Master Plan

DNA-to-order.com Shopping Center

Casas LagunasSchools

Energia Durango, SSA

Fiber Optic/
Satellite Link

T&D
Crossover 

O2

HTS

H
H
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Distribution

10 MW Community
Substation

-----------
dc XFMR

-----------
H2 Fuel Cell

-----------
PLC Com Injector

-----------
H2 Storage
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End Use

Streetside Service
-----
100 A @ +/- 25 Vdc
--------
H2 @ 200 K, 100 psi
-----
PLC @ 5 MHz

H2 Heat Exchanger for AC
----------------------
H2 for Heat/Hot H2O
----------------------
Household Fuel Cell
----------------------
Inv/Conv for Electricity
----------------------
DSL Digital Modem
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Gilroy High, Ca.
May 28, 1987

“US high school chemistry
class verifies discovery
of High-TC”

New Scientist, July 1987
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“Cooper Pairs”
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The Future
2028

“Advances in 
superconductivity
begin with the empirical 
search for new 
materials.”
Bednorz and Mueller,
Z. Phys., Sept., 1986

Is “Room Temperature”
Superconductivity
Possible?  Why Not?
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“You can’t always get 
what you want…”
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“…you get what you 
need!”
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pgrant@epri.com


