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Superconductivity

E. W. Hudson, Nature Physics 4, 271 (2008)



History of Tc

LNG



Current record 
holder: LaH10

A. P. Drozdov, et al., Nature 569, 528 (2019)



Modern theory: SCDFT

A. Floris, et al., PRL 94, 037004 (2005)
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Similarity between two-
dimensional superconductors
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Definitions

1. Interface superconductivity: superconductivity that occurs 
at the interface of two materials that are not 
superconducting in their bulk forms

2. Interface-enhanced superconductivity: superconductivity 
at the interface of two materials with Tc larger than that of 
their bulk components

3. Two-dimensional superconductivity: thickness of the 
superconducting layer is smaller than x0

4. Berezinskii-Kosterlitz-Thouless (BKT): framework for the 
superconducting phase transition in two dimensions



BKT physics



Kosterlitz in the mountains



“Normal” phase transitions



Landau theory

Close to 𝑇𝑐 : Order parameter Q is small

Apply continuous perturbation theory

𝐹(𝑇,𝑝,Q) = 𝐹0 (𝑇,𝑝) + 𝐴(𝑇,𝑝)/2  Q2 + 𝐵(𝑇,𝑝)/4  Q4



Mermin-Wagner theorem



2D XY model



BKT physics



The BKT transition



Jump in superfluid density

D. J. Bishop, et al., PRL 40, 1727 (1978)



Theory of interface 
superconductivity



Central idea

S. Gariglio, et al., Phys. C 514, 189 (2015)



Early days



High Tc possible?



Building superconductors
from scratch



Examples



Cuprates



LSCO interface

Ivan Bozovic group



Interface superconductivity

A. Gozar, et al., Nature 455, 782 (2008)



Profiling the wavefunction

Ivan Bozovic group



Only one layer is dominant

G. Logvenov, et al., Science 326, 699 (2009)



FeSe-SrTiO3

Original tunneling

Q. Y. Wang, et al., Chin. Phys. Lett. 29, 037402 (2012)



Doping from oxygen vacancies 
in SrTiO3

W. Zhang, et al., PRB 89, 060506(R) (2014)



Meissner effect
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Phonons from SrTiO3

Q. Song, et al., Nature Commun. 10, 758 (2019)



Other

1. PbTe-PbSe

2. MgO-Mg

3. LaAlO3-SrTiO3

4. Graphite

5. Na:WO3
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Field effect –
parallel plate capacitor

Q = C V

Si MOSFET
Topgate: 1 V => DQ = 5 1012 cm-2

LAO-STO:
Topgate: 1 V => DQ = 3 1013 cm-2

Backgate: 100 V => DQ = 1 1013 cm-2



How much polarization 
do we need?

C. H. Ahn, et al., RMP 78, 1185 (2003)



History

R.E. Glover and M.D. Sherrill, PRL 5, 248 (1960)



History

D.G. Naugle, Physics Lett. 25A, 688 (1967)

The effect of the deposition of thin 
Ge coatings on thin Sn and Tl films is 
reported. Tc for Sn is reduced while 
Tc for Tl is increased. An anomalous 
increase in Tc for Tl appears for 
approximately a monolayer coating 
of Ge which is interpreted as 
evidence for “surface 
superconductivity”. The decrease in 
Tc for Sn is attributed to the removal 
of electrons from the Sn to form the 
contact potential.



YBCO FET

J. Mannhart, et al., Z. Phys. B 83, 307 (1991)

1% resistance change
10 nm film



Superconductivity in SrTiO3

Y. Kozuka, PhD thesis, University of Tokyo



Electrostatic control 
of a superconductor

A.D. Caviglia, et al., Nature 456, 624 (2008)



Superconducting gap

C. Richter, et al., Nature 502, 528 (2013)



MOSFET

J. Mannhart, et al., RPP 79, 084508 (2016)47
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MOSFET

J. Mannhart, et al., RPP 79, 084508 (2016)

Constriction SQUID at LAO/STO Interfaces

EBL + Hard Mask
Lift-Off

Pulsed laser 
Deposition

C-LAO

S

S



MOSFET



Gating FeSe-SrTiO3

W. Zhang, et al., PRB 89, 060506(R) (2014)



Graphene 
Heterostructures

Y. Cao, et al., Nature, 10.1038/nature26160 (2018)



Electrolyte gating



Typical layout



Electrolyte gating

Advantage: 
huge polarization of order 1015 cm-2

Easy fabrication
Not many shorts

Disadvantage:
Electrolytes freeze, gate voltage change only possible above melting temperature
Electrochemical modification of material
Low frequency operation
Droplets are large



KTaO3 becomes 
superconducting

K. Ueno, et al., Nature Nano 6, 408 (2011)



Superconducting dome 
in MoS2

Y. T. Ye, et al., Science 79, 084508 (2016)



Gate voltage control 
of the cuprates

A. T. Bollinger, et al., Nature 472, 458 (2011)



EDL superconductivity

Also:
SrTiO3

ZrNCl
NbSe2

Atomically thin MoS2

WS2

MoSe2

MoTe2

La2−xSrxCuO4

La2CuO4+δ

YBa2Cu3O7-δ

Pr2−xCexCuO4



Superconductivity 
in a battery

K. Yoshimatsu, et al., Sci. Rep. 5, 16325 (2015)



Superconductivity 
in a battery
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Superconductivity 
in a battery

K. Yoshimatsu, et al., Sci. Rep. 5, 16325 (2015)



Electrochemical 
Intercalation

Y. Nakagawa, et al., Phys. Rev. B 98, 064512 (2018)



Conclusions

 New superconductors to be found at 
interfaces

 Possibility to systematically investigate 
and optimize superconductivity

 New types of devices 


