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Some inspiration

“I am convinced that often a newcomer
to a field has a great advantage because he is

ignorant and does not know all
the complicated reasons why a particular
experiment should not be attempted.”

lvar Giaever, Nobel Lecture




“If I have learned anything as a scientist it is
that one should not make things complicated
when a simple explanation will do.”

lvar Giaever, Nobel Lecture



“If I have learned anything as a scientist it is
that one should not make things complicated
when a simple explanation will do.

Thus all the samples we made showing the
Josephson effect were discarded as having
shorts.”

lvar Giaever, Nobel Lecture
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E. W. Hudson, Nature Physics 4, 271 (2008)
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Definitions

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

Interface-enhanced superconductivity: superconductivity
at the interface of two materials with T_larger than that of
their bulk components

Two-dimensional superconductivity: thickness of the
superconducting layer is smaller than &,

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




Kosterlitz Thouless Berezinskii

1971: ). Michael Kosterlitz and David J. Thouless investigate vortex Dynamics in 2D
films of superfluid Helium
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III

“Normal” phase transitionsg®s

Order Parameter Symmetry breaking

Ferromagnetic/Ferroelectric magnetization Rotation

Superconducting/Superfluid [ /T2 Phase (gauge)



Close to T, : Order parameter Q is small

Apply continuous perturbation theory

F(T,p,Q) = Fo(T,p) + A(T,p)/2 Q>+ B(T,p)/4 Q°



Mermin-Wagner theorem j

There is no phase with spontaneous
breaking of a continuous symmetry for
T>0,ind<2dimensions.

“Undeterred by the general view that the
problem was either absurd or impossible,
Kosterlitz out of ignorance, and Thouless, out
of curiosity, went ahead and essentially solved

the problem.”

J. M. Kosterlitz and D. J. Thouless, in: 40 Years
of BKT Theory, World Scientific, 2013
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The BKT transition

LS

Single vortices

Tight pair of vortices @

LOWER TEMPERATURE <——— TOPOLOGICAL PHASE TRANSITION ——  » HIGHER TEMPERATURE
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Theory of interface
superconductivity




Central idea

carriers glue

interface pairing

quantum well layer

Fig. 1.

(Left) Two electrons (blue) interact (yellow) with a site (red) in the pairing layer, creating a virtual excitation.
This excitation, for example polarization of an oxygen ion, causes the pairing. (Right) Each electron
excites a different site in the pairing layer, but both sites are coupled (red), and by this close the pairing
channel. (For interpretation of the references to color in this figure legend, the reader is referred to the web
version of this article.)

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



Early days

PHYSICAL REVIEW B VOLUME 4, NUMBER 3 1 AUGUST 1971

Dynamic Effective Electron-Electron Interaction in the Vicinity of a Polarizable Molecule*

W. A. Little
Stanford University, S tanford, California 94305

and

H. Gutfreund
Department of Theoretical Physics, Hebrew University, Jevusalem, Israel
(Received 24 February 1971)

ON SURFACE SUPERCONDUCTIVITY

V. L. GINZBURG
P.N.Lebedev Institute of Physics, USSR Academy of Sciences, Moscow

Received 21 October 1964



High T, possible?

PHYSICAL REVIEW B VOLUME 7, NUMBER 3 1 FEBRUARY 1973

Model for an Exciton Mechanism of Superconductivity™

David Allender, James Bray, and John Bardeen
Department of Physics and Materials Research Laboratory, University of Illinois, Urbana, Illinois 61801
(Received 7 August 1972)
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in magnitude. Note that for the model discussed in this
present paper A, <0.5. The very high values of T, are
unrealistic for any model. The following datawere found:



Building superconductors
from scratch

110,
Modulation ([_a’Sr)TiO:3
doping
(Ba,Sr)TiO;
Correlated 2D

Se

electron system

(Ba,Sr)TiO,

Modulation

(La,Sr)TiO;

doping

TiO,




Examples




Cuprates

R

Temperature

‘Hofe doPi"‘j

J
7

J




Resistivity (10°Q-cm )
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G. Logvenov, et al., Science 326, 699 (2009)



FeSe-SrTiO;
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Doping from oxygen vacancie
In SrTi0;
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(a)

18 nm Se capping layer

2 UC (Feg 05C04 0:)Se, annealed at 550 °C

Nb doped StTiOs, TiO, termination

(b)
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a b #5
14 o #isotope_16 in Fig. 1 14 "
— o #isotope_18 in Fig. 1 _ 15 —ghts #3 T
% 12{ #5—@—@—#E z 12 RZ—H_‘# e
134 £ w2 — o 0 1£ #2 |4
— - . - #1 — 1 3 :'\4 + # I 1
= 10 = ) , -
2 = = #5 46 2 0 —— e O°
= 0.1 0.12 P = 0.1 0.12 4 G__;F
T 12+ Doping (e"/Fe) # " P S 12- Doping (e"/Fe) Q@“‘"
=4 = 2 >
© Lam) S o 1. 3] #
3 o LT T i 3 o#isotope_16 in Fig. 1
c 114 /7 P € 111 . o
Q P #3- <@ o o#isotope_18 in Fig. 1
o L’ K 3]
@ - A D
[=8 F a
3 ” =1
0 2 1ML FeSe/SrTi'®0,
109 7 | iMLFeSe/siTi'®0, 10 -
K-dosed thick FeSe K-dosed thick FeSe
9 i i i . 94, . i . .
0 0.05 0.10 0.15 0.20 0 0.05 0.10 0.15 0.20

n ]

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



Other

1. PbTe-PbSe

2. MgO-Mg

3. LaAlO;-SrTiO,
4. Graphite

5.Na:WO,



Gate-tunable superconductivity

Hans Boschker

Department Solid-State Quantum Electronics
Max Planck Institute for Solid State Research
Stuttgart, Germany




Field effect —
parallel plate capacitor

Q=CV

O = cen—
eeod

Si MOSFET
Topgate: 1V =>AQ =5 102 cm™

LAO-STO:
Topgate: 1V =>AQ =3 103 cm™
Backgate: 100 V => AQ =1 1013 cm™



How much polarization
do we need?

‘ organics, fullerenes,
novel compounds
1
[
FM-i 1 FM-m

doped SrTiO,

silicon

105 107 10° 10" 1013 Tm’s n,o( e/ cm?)

largest polarization
reached by the
field effect in oxides

C. H. Ahn, et al., RMP 78, 1185 (2003)
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Transition curve and change of resistance
Positive
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History

Q.10

- The effect of the deposition of thin

Ge coatings on thin Sn and Tl films is

reported. T for Sn is reduced while

+510% T, for Tlis increased. An anomalous

L increase in T_for Tl appears for
I}ﬁTcln approximately a monolayer coating

) of Ge which is interpreted as

-\ -"% evidence for “surface

AT = AT g (1-e .. :
e 4~30R superconductivity”. The decrease in
[~ ' Tcu . .

008 . T. for Sn is attributed to the removal
- Sa of electrons from the Sn to form the

i contact potential.

0.05|

ATe (°K)
2+
g-l

8

L

Fig.1. The change of transition temperature of a 315 A
Sn film as a function of the thickness of a Ge coating anc
the change of transition temperature of two simultane-
ously deposited Tl films as a function of the thickness
of a Ge cpating.

@ 315 A Sn film, 0 510 & T1 film, x 235 & T1 film.

D.G. Naugle, Physics Lett. 25A, 688 (1967)
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Superconductivity in SrTiO
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Electrostatic control
of a superconductor

20
- -30OV J
- :
Rq ey ]
— )
o i %
v - @
3 4 -
& | —— 107D
¢ L 1 «
5 - — o
5 20V 5
- 102} / /(1 [ Rq @
[ }{ II." 15
|
|II 'I
{ |
[
I|l II
|II 'I —
|||||||||||||||||||||||||||||||||||||||| ~ D
50 100 150 200 250 300 350 400 50 150 250 350
T (MmK) T (mK)

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



dl/ dV (mS)

0.50
0.45 -
0.40 -
0.35 -
0.30 -
0.25 -
0.20 !
0.15 -
0.10 -
0.05 -

0.00

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



Quantum Interference in an Interfacial Superconductor”

* Nature Nanotechnology, vol. 11, pp. 861, 2016

Emre Mulazimoglu

Experimental Theory/Simulations
Srijit Goswami (TU Delft) Yaroslav Blanter (TU Delft)
Mafalda Monteiro (TU Delft) Roman Wodlbing (U. Tuebingen)
Lieven Vandersypen (TU Delft) Dieter Koelle (U. Tuebingen)
Andrea Caviglia (TU Delft) Reinhold Kleiner (U. Tuebingen)
L A ke KAVLI INSTITUTE Nagegemt L

« @ ° | ‘
IS £ NI F [, , “ [
ot Nanoscience Delft 1° ‘c‘,

Delft University of Technology



Constriction SQUID at LAO/STO Interfaces

C-SQUID constriction

7

Pulsed laser
Deposition
C-LAO

EBL + Hard Mask
Lift-Off

2D superconductor

sTO @a-lLAO c¢-LAO Au




Constriction SQUID at LAO/STO InterfacéS




(a) 200

150

STO(001) " W. Zhang, et al., PRB 89, 060506(R) (2014)



Graphene

Heterostructures
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Advantage:

huge polarization of order 10> cm2
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
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Superconducting dome
in MosS,
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Gate voltage control
of the cuprates
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EDL superconductivity

TOPICAL REVIEW
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Superconductivity
in a battery
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Superconductivity
in a battery
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Superconductivity
in a battery
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Electrochemical
Intercalation
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Conclusions

v New superconductors to be found at
interfaces

v’ Possibility to systematically investigate
and optimize superconductivity

v New types of devices



