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Unconventional superconductivity

What and where is superconductivity(SC)?

Superconductivity is used widely
e Particle accelerators
e NMR
e Quantum computers

e State of the solid which usually present under
a critical temperature (Tc)

e No electrical resistance

e Meissner effect etc...
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Unconventional superconductivity

Unconventional Superconductivity (USC) or what it isn’t

e High temperature SC’s
e SC’'s which BSC and/or G-L theory cannot
describe

Many different definition exists for these materials

These are usually heavy fermionic materials,
Cuprates like CeCu,Si, ect... and also graphene
based systems.
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Unconventional superconductivity

The fabrication of magic angle twisted bilayer graphene (MA-TBG)

Magic angle =1.1°

+ Dry-transfer method
« Precision: 0.1-0.2°

Two devices: 1.05° and 1.16°
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Unconventional superconductivity

Moire pattern by the magic angle
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Unconventional superconductivity

Supercurrent measurements -
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Unconventional superconductivity

Superconducting can be achived with small doping and low enough

temperatures

Weakly superconducting state Previously observed SC state
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Unconventional superconductivity

Introducing another parameter — SC in magnetic Critical field in both devices
I B. =70mT
fields. Specific doping :

densities introduce - Dissipation

oscillating effects Perpendicular magnetic field

Critical field; SC state
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Unconventional superconductivity

0 3 6
dvidl (ko) NN |

1.16%
x10"2cm2

B, (mT)

0
I (nA)

] 5 10
dv/dl (arb. u) T ]

100
Simulation b
5$=0.09 pm?
ly=1e2 =T NA ( )
>
- <_,_ _,_> _. 50
I pra— =
E [
;; <":_:: = '> ;;'
<"1:, ,::"’>
P 0
20 -10 0 10 20
I (nA)

0 5 10
dvidi (ko) T |

1(nA)
0 5 10

dvidl (arb. u.) T ]

Simulation
S$=0.5pm?
14=6nA, 1,=10 nA

Phase coherent transport in
Josephson junctions

Josephson junction in this case: electron
pair tunneling through an insulator part of
the device

Modelled using Superconducting Quantum
Interference Device and the G-L theory.
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Unconventional superconductivity

Comparing twisted bilayer graphene to other superconductors

napl(gm’imp) or 1.52n3p%3/(gm"Img) (cm2)
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Unconventional superconductivity

Short summary

 Gate, Temperature and Magnetic field tunable
superconductor in a high mobility system
« Greater electron correlation and interlayer interaction than
in other USCs.
* Future experiments
introducing strains

experimenting with pressure sensitivity
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Thank you for your attention.
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