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@ Discovery

Heike Kamerlingh Onnes
1853-1926

He was investigating the
electrical properties of pure
metals at low temperatures. The
guestion was: will the resistance
Increase, or decrease or remain
constant when cooling the
sample? He decided to work
with Hg which can be repeatedly
distiled at room temperature in
order to obtain a pure sample.
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Reach to the low temperatures
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Transition temperature (K)
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electron-phonon coupling (BCS theory) - 1957

The Electron-Lattice Interaction’ The Electron-Lattice Interaction

How to achieve attraction between two How to achieve attraction between two u u u u
electrons: electrons:
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electron-phonon coupling (BCS theory)1957 BCS Ve ‘9.23‘ ‘95 a Jl:u
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Non-superconductive
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Tc =133 K (-140 °C) :045 b i JLu Y0 5

Superconductivity T.=203 K (-70 °C) at P=150 GPa! H 35 (2015)
Superconductivity T.=250 K (-23 °C) at P=170 GPa! LaHlo (2019)

Superconductivity T.=262 K (-11 °C) at P=182 GPa! YH9 (2021)
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1 GPa =10* pascal Q : .
1 GPa = 10000 atmosphere N

Eremets, Nature 525, 73 (2015) » &
Eremets, Nature 569, 528 (2019) 9 .
E. Snider et al, PRL 126, 117003 (2021) Fm3m YH,,
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1 GPa = 10* pascal
1 GPa =10000 atmosphere
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Nb Ti Tc=9 K s A8 slila )
Nb3Sn Tc=18 K
Nb3Ge Tc=23.2K
BSCCO conductors Tc=100 K ) nsS Yhlad bl
YBa2Cu307 (YBCO)

Typical HTS Cable Configuration

S insulation -

O opperscreen HTS Wire layers

Hollow former
" Liquid N2 Refrigerant @ 77° K |

>

Inner cryostat wall
Quter cryostat wall Dielectric
PE Sheath
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Coated YBCO tape Yhlas S LAY 1 s o

* YBCO is very sensitive to grain boundary misalignment
* the grains do not line up naturally - they must be persuaded

* deposit YBCO on a substrate where the grains are aligned and the lattice roughly
matches YBCO

pm Ag
1 um YBCO - HTS
~ 30 nm LMO
< 0.1 mm ~ 30 nm Homo-epi MgO |
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The Yamanashi MLX01 Maglev train

speed: 581 Km/h
April 21, 2015
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Superconducting Magnetic Energy Storage
(SMES)
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Example: The first superconductmg rnagnetlc energy stora,qe ( SMES)svstern used bv mdustrv was built by General Atomics in 1983,
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Superconductin uantum Interference Device C ey
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SQUID Sensors

+ 306 independent measurement
channels.

+ Organized in channel-triplets on 102
silicon chips:
* Two planar gradiometers
* One radial magnetometer

Femtotesla

TIWF e L WL

L1 0—15

SQUID can measure tiny fields, such as those due to currents flowing in your
www.lanl.gov/quarterly/q_spring03/meg_helmet.shtml heart muscle
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(Defence superconducting research group) S Ll o) oligig o5 5
PALE
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Military systems application of superconductors
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Superconductors YBCO (2 coils), Niobium-Tin (3 coils), and

Niobium-Titanium (2 coils)
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200 p(T) = ptAT
x=0 A=2.240
x=0.004 A=2.220
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900_( ) x=0.05

0.004

x=0.004, A=2.220
x=0.03, A=2.247
x=0.05, A=2.439

160
T(K)

120

H. Shakeripour, S.S. Hosseini, S.S. Ghotb, B.Hadi, S. Pourasad, Ceramic International (2021)
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