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Subject of the talk: unique superconducting properties of superconductor(S)/normal metal (N) hybrid
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Screening properties of SN bilayer
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Transport properties of SN bilayer
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Finite momentum state and diode effect in SN hybrid

Zero spin-orbit coupling
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Theoretical results (1D Usadel model) .
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Experimental results. Nonreciprocal L, and diode effect

Experiment Theory
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Unexpected sign reversal of SDE at large B, and its giant value !



Sample A2

Experimental results. Nonreciprocal L, and diode effect
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Experimental results. Nonreciprocal L, and diode effect

In-plane field
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Possible origin of sign change of diode effect at large B,
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Sample A2

Diode effect and nonreciprocal resistance near T
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Relation with existing experiments
Nature 2020
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Relation with existing experiments

SCIENCE ADVANCES | RESEARCH ARTICLE 2017

CONDENSED MATTER PHYSICS

Nonreciprocal charge transport in
noncentrosymmetric superconductors

Ryohei Wakatsuki,'* Yu Saito,'* Shintaro Hoshino,? Yuki M. Itahashi,’ Toshiya Ideue,’
Motohiko Ezawa,' Yoshihiro lwasa,"? Naoto I'*nl.'eli;,|.ai:ls.a''2Jr

MoS, multilayer flake with the 2H polytype, in which the two adjacent
layers are rotated by © with respect to each other, therefore making the
whole structure centrosymmetric in contrast to the noncentrosymmetric
monolayer (Fig. 2A). However, once the gate voltage is applied, the
electric field breaks the out-of-plane inversion symmetry, making
the neighboring monolayers inequivalent. At the same time, the con-
duction band minimum shifts to the +K points, where interlayer
coupling is very weak, and thus electrons are quite localized within
each layer. Consequently, the in-plane inversion asymmetry in each

A Top view
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Main explanation: spin-orbit coupling as an origin of the effect



Unique nonlinear kinetic inductance of SN hybrid
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Experimental observation of peak on L, (I)
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Magnetometer
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Kinetic inductance magnetometer

Juho Luomahaara1, Visa Vesterinen1, Leif Grt')nberg1 & Juha Hassel'
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Parametric amplifiers, up-converters, etc.
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Nonlinear kinetic inductance sensor of single microwave photons

lateau on dependence I (qg,) 1n SN bridge at T=T* and I=I*.
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Nonlinear kinetic inductance sensor of single microwave photons
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Gapless superconductivity in SN bridge
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Nascent vortices in SN bridge
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Little-Parks effect

Wikipedia
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Little-Parks oscillations — proof of fluxoid (magnetic flux) quantization, vortices



Origin of name ‘nascent vortex’

PHYSICAL REVIEW VOLUME 170, NUMBER 2

Stability Limits of the Meissner State and the Mechanism of
Spontaneous Vortex Nucleation in Superconductors™

L. KraMERT
Institute of Theoretical Physics, Department of Physics, Stanford Universily, Stanford, California
(Received 27 December 1967)

The limits of metastable existence of the superconducting Meissner state in a magnetic field are found
by examining the second variation §%2 of the Ginzburg-Landau free energy. No assumptions about boundary
conditions are made, and all possible fluctuations are examined. First, confining the fluctuations to one
dimension, we show that §°Q is positive definite exactly up to that field Hy (first calculated by Ginzburg)
at which the Meissner state ceases to exist as a Ginzburg-Landau solution. At H,,, the normal state pene-
trates spontaneously. Then we take into account arbitrary fluctuations and show that for superconductors
with «20.5 another instability occurs at a lower field Hy, leading to a new metastable modification of the
Meissner state. This new state possesses small vortices with fluxoid quantum zero along the boundary, and
is metastable up to a field H3, which is probably of the order of Hg(Hyg=H,=H, for «3>1). At Hg, the
normal state penetrates. Then, in a type-II superconductor with H g smaller than the upper critical field
H s, spontaneous nucleation of Abrikosov vortices will take place in the normal region without violating
fluxoid quantization. This should be the correct mechanism for vortex nucleation in ideal superheating

experiments,
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PRL 1974

Nucleation of Vortices in the Superconducting Mixed State: Nascent Vortices*

B. L. Walton,t B. Rosenblum, and F. Bridges
University of California at Santa Cruz, Santa Cyuz, California 95064
(Received 11 February 1974)

Evidence is presented that the mixed-state order parameter at surfaces parallel to the
magnetic field is strongly modulated. The minima of this modulation act as the nuclea-

tion and denucleation sites for vortices.
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FIG. 1, The order parameter Wi [2 as a function of
distance into the superconductor in units of a coherence
length for H=0,6H_; and k=4, The dashed line indicates
the order-parameter minima (nascent vortices) at the
surface.
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Nascent vortices in SN bridge
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Nascent vortices in SN bridge with superconducting leads
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Conclusion

SN hybrid composed of dirty thin superconducting and clean normal metal layers has peculiar superconducting
properties. Namely:

1. N-layer may provide the dominant contribution to the diamagnetic response of whole bilayer structure
at low temperatures.

2. The presence of N-layer may considerably increase the critical current I .

3. SN hybrid placed in in-plane magnetic field has finite momentum even when it is in state with [=0. In finite
momentum state L (I) is nonreciprocal and there is giant superconducting diode effect (origin of its large value

and ‘wrong’ sign is not clear at large B, ).

4. SN bridge/strip has huge nonlinearity of kinetic inductance at current less than depairing current. This property
could be used in different applications (single photon detectors, magnetometers, parametric amplifiers).

5. There is a prediction that SN bridge may host nascent vortices (sub- or pre-vortices with zero vorticity), which can
be seen via oscillations of differential resistance and/or kinetic inductance of SN bridge with change of the current.



Equations

Usadel equation:
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