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High temperature superconductors for real world

From the amazing phenomenon

to materials and applications
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Superconductivity
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Heike Kamerlingh Onnes

1853 -1926

Heike Kamerlingh Onnes discovered superconductivity in 1911
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Superconductivity: the discovery
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At Т < 4.2 К, the electrical resistivity of pure mercury drops to zero
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Superconductivity: the Meissner effect
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magnet

coolant
superconductor

cryostat

Superconductors repel magnetic field.

Superconducting eddy current 

generates magnetic field that cancels 

the external field.

Superconductors are perfect 

diamagnetics.
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Superconductivity: critical surface
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Applications of superconductivity
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SuperconductorELECTRIC ENERGY SCIENCE & INDUSTRY

HEALTHCARE
SPECIAL APPLICATIONS
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Low Temperature Superconductors (LTS)
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LTS use: high (cost) energy physics
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High Temperature Superconductors (HTS)
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HTS: real commercial opportunities
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HTSELECTRIC ENERGY SCIENCE & INDUSTRY

HEALTHCARE
SPECIAL APPLICATIONS
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HTS: from powder to conductor
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Crystal anisotropy in

RE-Ba2Cu3O7 leads to anisotropy 

of superconducting properties
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HTS: from powder to conductor
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For high current HTS conductor, good grain alignment is essential

Crystal grain misalignment (deg.)
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HTS: from powder to conductor
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For high current HTS conductor, good grain alignment is essential
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2G HTS wire: from powder to conductor
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2G HTS wire: from powder to conductor
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Transmission Electron Microscopy (TEM) images
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2G HTS wire

Substrate (50-100 microns)
- electropolishing or planarisation

- buffer layers (100-200 nm)

HTS layer

(1-3 microns)

Customisation
(silver/copper/solder/lamination/insulation)
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2G HTS

wire copper
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■ 2006: SuperOx founded

■ 2011: SuperOx Japan LLC founded

■ 2011: SuperOx Innovations LLC becomes a Skolkovo resident

■ 2012: start of 2G HTS wire production and sales

■ 2013: relocation of SuperOx to Technopark Slava

■ 2016: delivery of 2G HTS wire to customers around the world

Tokyo

Moscow

SuperOx
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2G HTS wire properties
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2G HTS wire market: players
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SuperOx

Russia/Japan

Fujikura

Japan

SuNAM

Korea

AMSC

USASuperPower

USA

SuperOx strategy:

■ Enter the 2G HTS wire market

■ Differentiate product by providing deep wire customisation

■ Develop HTS applications to generate demand on wire

and capture added value
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2G HTS wire market: price dynamics
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2G HTS wire

actual price

(2006 expectations)
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■

HTS 

cable

Gas 

insulated line

XLPE

cables

China

Japan

Germany

USA

Yellow bars: losses in kW per km

250 250 60
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■

■

■

SubstationSubstation

HTS line

110 kV

10 kV

29.03.2016



25

■

■

■

+ + + - - -

Conventional 60 kA DC system

60 kA HTS cable line 
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2G HTS single core cable
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Large currents for high fields

Courtesy of EPFL-CRPP, Dr. Bruzzone et al.
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■

■

Germany

Korea

China

USA

without current 

limiter

with inductive sFCL

with resistive sFCL

switching time of SFCL

switching time of 

conventional breaker
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The market is growing with CAGR 30-100%.

The largest share in densely populated Asia. 

Today is a perfect entry point.

POWER PLANT

POWER PLANT

HV 

SFCL

MV 

SFCL
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Voltage, V Current, A

current limitation 100 

times faster than any 

other technology!
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Product type Benefits for the Customer

High-Voltage 

SFCL 

for transmission 

grid

 Very low probability of power 

outages

 Reduce fault currents below 40 kA

 Low electrical losses

 Reduce capital investment in 

circuit breaker replacement in 

large cities by more than 80%

Medium-Voltage

SFCL

for distribution 

grid 

and coal power 

plants

 Reduce fault currents below 20 kA

 High reliability of electrical power 

supply

 Yearly cost savings for coal 

plant at 200% of SFCL purchase 

price
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4 MVA HTS generator

Siemens

GE concept of large wind generator
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10 MVA HTS transformer

Waukesha, USA

2 MVA HTS fault-current

limiting transformer

Nagoya Univ
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100 Tesla 

HTS magnet concept

(MIT)

20 Tesla Low Temperature Superconductors (LTS)

40-50 Tesla LTS + Copper

100 Tesla HTS

Record 35.4-Tesla

HTS magnet

(NHMFL)
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■
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HTS Dipole magnet

With SuperOx wire, HTS dipole magnet was made

by High Energy Physics Institite, Protvino (2015)

Measured 3+ T field, limited by current source
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■

■

Thousands of such HTS current leads are used in LHC
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2G HTS current leads

SuperOx’s custom 100 A HTS current lead for a corrector coil of an LTS magnet

Nuclotron LTS  magnets

NICA  collider,  Dubna JINR
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ITER reactor

Cadarache, France

in construction

HTS coilsLTS coils

Reactor with HTS coils

MIT concept
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■

superconducting magnets
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■

■

Air gap  

HTS inside
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2G HTS composite bulk: levitation

https://www.youtube.com/watch?v=sYMh0V7VMn8
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HTS coil inside

aluminium billet
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Worlds-first

HTS MRI magnet

2012

IRL, New Zealand

Conventional MRI

since 1970s
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Extreme fuel efficiency

Very low noise
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We need 

disruptive, HTS,  

technology

to reach 

this performance
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Thank you for your attention!

www.superox.ru

www.s-innovations.ru
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