
Superconducting domes and Lifshitz transitions in 
strontium titanate

Kamran Behnia



SrTiO3:The most dilute superonductor
No other bulk 
superconductor

• Superconductivity @n3D= 3.5 1017 cm-3

• Equivalent in density to n2D= 5 1011 cm-3

• Carrier density in superconducting magic
angle bilayer graphene (n2D~1012 cm-3)

Bustarret Physica C 2015



Superconductivity at optimal doping

• The specific heat jump is slightly
below the BCS weak-coupling value.

• gN=1.55 mJ/ K2mol, (larger than
copper with hundred times less
électrons). The lowest band has a 
mass as large as m*=3.5me . 

• Bulk Tc is well below zero-resistive Tc.

Lin et al.  PRB 2014



At optimal doping, it is a s-wave superconductor

Nodeless gap!

Lin et al.  PRB 2014

Controlled disorder has no effect on Tc! 

Lin et al., PRB 2015



Superfluid density has a dome-like dependence

Collignon et al. PRB 2017

Hc1 measured at different densities!



Two distinct superconductong domes

Lifshitz transition at a critical doping
Lin et al. PRL 2014



Fermiology: experiment and theory

Lin et al. PRL 2014

van der Marel et al. PRB (2011)

• The electron census works (nH=nSdH)
• Experiment confirms DFT’s expectations:

1) 3 FS pockets and  2 critical dopings 
at (roughly) the right concentration

2) Evolution of the mass with doping 
in the lowest band



Limits of the rigid band approximation (unpublished)
The evolution of the Fermi surface near the Lifshitz transition is not identical in 
SrTiO3-d and in SrTi1-xNbxO3. 

Nb-doped STO ( 1.6 1018 cm-3)
Made in Harold Hwang’s lab, Stanford
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Doping by oxygen vacancies and by Nb Substitution : superconductivity
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Oxygen vacancy
introduces two electrons at 
a vertex!

Nb substitution
introduces one electron
at the center



The lower Fermi radius is larger with Nb susbtitution

m

~65T ~40T

SrTi1-xNbxO3 SrTiO3-d

• This is a ‘horizontal’ gap. It may imply a vertical gap.

• Absence of superconductivity in Nb-doped STO is concomittant with a larger interband gap!



The doping dependence of the onset of the tetragonal
transition is also strongly dopant-dependent.





Summary

• The superconducting dome in strontium titanate extends over three orders of 
magnitude in concentration (10-5<x<0.02).

• Only oxygen reduced samples are superconducting below x<0.001.

• The the Fermi surface in oxygen-reduced and Nb-doped samples differ near the 
Lifshitz transition. Does dilute  superconductivity requires a small interband gap?

• Superconductivity and the Fermi surface evolution in PbTe and in SnTe are also 
dopant dependent (Ian Fisher and co-workers). The rigid band approximation is 
not rigorously true.
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Annual Review of Condensed Matter Physics , 2019

Collignon et al. 

https://www.annualreviews.org/journal/conmatphys


Annual Review of Condensed Matter Physics , 2019

Collignon et al. 

Schooley’s data

New Nb-doped data

https://www.annualreviews.org/journal/conmatphys


Strong sample dependence of Tc in the dilute
limit

•Possible origin: uncontrolled magnetic impurities.

Number of magnetic scattering
centers per mobile electron
varies from sample to sample.


