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Superconductivity in SrTiO3

Schooley et al., Phys. Rev. Lett. 14, 305 (1965)

Superconducting dome in doped SrTiO3

SrTiO3 is an extremely dilute superconductor
Fermi energy ~ 1 meV

Lin et al., Phys. Rev. Lett. 112, 207002 (2014)



Ferroelasticity in SrTiO3

SrTiO3 is an intrinsic quantum paraelectric

K. A. Müller, and H. Burkard, Phys. Rev. B 19, 3593
(1979).

Ferroelastic below 105 K
Domains become polar below 40 K

Salje et al., Phys. Rev. Lett. 111, 247603 (2013)

Buckley et al., Journal of Applied Physics 86, 1653 (1999)

Role of polar optical phonons in superconducting 
pairing mechanism:

Gor'kov, Proc. Natl Acad. Sci. USA 113, 4646 (2016)
Enderlein et al., Nat. Commun. 11, 4852 (2020)



Gate-tunable superconductivity in oxide heterostructures

LaAlO
3 

/ SrTiO
3

Several other similar heterostructures are known by now. 
The crystal at the bottom is always SrTiO

3 
, which hosts the 2DEG.

Thiel et al, Science 313 (2006)

Caviglia et al., Nature 456 (2008)

Our experiments are conducted in an AlOx/SrTiO3

heterostructure. 

Superconducting dome



Creation of oxygen vacanciesDeposition on 0.2 nm of Al

T. C. Roedel et al.,
Advanced Materials 28, 1976 (2016)

2DEG realized in AlO
x

/ SrTiO
3

• Electrons occupy Ti 3d levels

• The 2DEG is entirely due to oxygen vacancies

Redox reaction: Al + O → AlO
x

2DEG in AlOx/SrTiO3

Carrier density ~ 2 x 1013 cm-2

T
c

~ 360 mK

Sengupta et al.,
J. Appl. Phys. 124, 213902 (2018)



Mapping the superconducting dome

Resistance as a function of 
temperature at different Vg

Tc vs Vg

Tc vs RN

(RN is normal state resistance)



Superconductivity in low dimensions

Dubi et al., 
Nature 449, 876 (2007)

In low dimensional superconductors,
disorder leads to fluctuations of the order
parameter.

In different SrTiO3-based heterostructures, the 
superconducting state is composed of islands or puddles.

Biscaras et al., Nature Materials 12, 542 
(2013)

Inhomogeneities may be 
further induced by oxygen 
vacancy distribution or 
ferroelastic domains.

Prawiroatmodjo et al., Phys. Rev. B
93, 184504 (2016).

Pai et al., Phys. Rev. Lett. 120, 
147001 (2018).

How do superconducting islands develop as the carrier density is changed?



Density-tuned isotherms

As the carrier density is reduced into ‘region II’, more 
electrons condense into the superconducting state. 
Resistance reduces with the introduction of carriers.



Resistance change with gate voltage sweep

Gate voltage measurements in the normal state

Approximately, 1 V of gate voltage changes 
carrier density by 0.3%.



The time to reach steady state is 
larger at low temperatures. Why 
should the onset of superconductivity 
make a difference?

Dynamic change behaviour

T > Tm

T < Tm

Experimental protocol:
Vg swept down to rarefy 2DEG,
then held fixed to measure 
dynamic change with time.



Dynamic change at constant magnetic fields

Vg swept till -95 V, then held steady and 
dynamic change in R is recorded.

Vg sweep rate: 0.21 V/s

The relevant timescale and magnitude 
of dynamic change increase when 
superconductivity sets in

Characterization of magnetoresistance
at different gate voltages. Fitting function:



Movement of domains

Extremely large relaxation
times of polar domains  

Pesquera et al.,
PRL 121, 235701 (2018)

Purely electronic phenomena gives timescales of ħ/D
Galaiko, Zh. Eksp. Teor. Fiz. 61, 382 (1971)

Domain walls move with a gate voltage
Honig et al., Nature Materials 12, 1112 (2013)

Ferroelastic domain motion helps in the nucleation 
of superconducting islands.



Conclusions

The real-time development of superconducting islands is visible in AlOx/SrTiO3 in dynamic change measurements 
with gate voltage tuning.

The large timescale of dynamic change suggests ferroelastic domain motion helps in the nucleation of 
superconducting islands.


