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TT 51: Superconductivity: Tunneling, Josephson Junctions, SQUIDs

Time: Wednesday 15:00-19:00

TT 51.1 Wed 15:00 HI19
Investigation of niobium structures for micro-SQUIDs —
eSANDRA GorrwaLs!, FrRank HeEvyroTHZ?, and GEORG ScHMIDT!:2
— 1nstitut fiir Physik, Martin-Luther-Universitit Halle-Wittenberg,
Germany — 2Interdisziplinires Zentrum fiir Materialwissenschaften,
MLU Halle-Wittenberg, Germany

In the presence of the Spin-Nernst-Effect a temperature gradient gener-
ates spin accumulations in a metal film. The magnetic moment of these
accumulations causes a magnetic field. We intend to measure these low
magnetic fields using Nb-based micro-SQUIDs. Superconducting Nio-
bium layers are deposited by e-beam evaporation and protected by
capping layers either from Ru or Si. The Niobium layers are patterned
by e-beam lithography. We have fabricated test stripes with different
width varying from 1000 nm to 20 nm. We will present structural and
electrical characterization of Nb stripes patterned by different etch-
ing processes. Most of the structures show Ohmic behavior at room
temperature. At low temperature a transition to the superconduct-
ing state is observed with a transition temperature depending on layer
thickness and structures size.

TT 51.2 Wed 15:15 H19

Microwave resonators with high kinetic inductance made
from superconducting AlO, — eSEBAsTIAN T. SkaceL!, MicHA

WILDERMUTH!, JuLIAN MONzBERG', JaNn N. Voss!, Marco
PriIRRMANN', Lucas RaDTKE!, SEBAsTIAN PrOBST!, MARTIN
Wemes'2, Hannes RorzingerR!, and ALexey V. Ustmov! —

I Physikalisches Institut, Karlsruher Institut fiir Technologie, D-76131
Karlsruhe, Germany — 2Institute of Physics, Johannes Gutenberg
University Mainz, D-55128 Mainz, Germany

We present superconducting resonators made out of AlO, with a ki-
netic inductance fraction - the ratio between kinetic and total induc-
tance of the resonator - close to unity and high quality factors. We
show measurements of coplanar waveguide resonators with ultra high
impedances and therefore allowing for compact design in the microwave
regime. For instance, a coplanar \/4 type resonator with resonance
frequency of about 5 GHz can be reduced to a length of 180 pm. The
resonator impedance depends on the geometry, i.e. length and the
width of the central conductor, and its missmatch factor with the 50
Q feedline changes from about 5 to 30. This also influences the res-
onator quality factor, due to the altered coupling.

The resonators are fabricated in a simple single layer process starting
with the sputter deposited aluminium oxide (AlO.) on a silicon sub-
strate, followed by optical lithography and reactive ion etch process.

TT 51.3 Wed 15:30 H19
Development of Nb nanoSQUIDs based on SNS junc-
tions for operation in high magnetic fields — eVIACHESLAV
Morosu!, BENEDIKT MULLER?, MARIA JosE MARTINEZ-PEREZZ,
Oriver KieLer!, THoMAs WEIMANN!, ALEXANDER ZoORIN!, REIN-
HoLD KLEINERZ, and DieTeEr KoLLe? — !Physikalisch - Technis-
che Bundesanstalt (PTB), Bundesallee 100, 38116 Braunschweig —
2Physikalisches Institut and Center for Quantum Science in LISAT,

Universitdt Tiibingen, Auf der Morgenstelle 14, 72076 Tiibingen

Investigation of the magnetization reversal of single magnetic nanopar-
ticles requires SQUIDs with high spatial resolution, high spin sensitiv-
ity (a few Bohr magneton up) and at the same time sufficient stability
in high magnetic fields. We fabricated dc nanoSQUIDs comprising
overdamped SNS sandwich-type (Nb/HfTi/Nb) Josephson junctions
using optimized technology based on combination of electron beam
lithography and chemical-mechanical polishing. Our nanoSQUIDs
have Josephson junctions with lateral dimensions < 150 nm X 150
nm, effective loop areas < 0.05 pm? and the distance between the
Josephson junctions < 100 nm. The feeding strip lines of the width <
200 nm have been realized. The nanoSQUIDs have shown stable op-
eration in external magnetic fields at least up to 250 mT. Sufficiently
low level of flux noise resulting in spin sensitivity of few tens ug /Hz'/?
has been demonstrated. A further reduction of the nanoSQUID size
using our technology is possible.

This work was supported by the Deutsche Forschungsgemeinschaft
(DFQG).

TT 51.4 Wed 15:45 H19

Location: H19

Ultra low field magnetic resonance imaging for the investi-
gation of hyperpolarized contrast agents — eM. RupoLpu!, T.
MisztaL?, P. Antkowiak!, H. MEvEr?, R. KLEINER!, D. KoELLE!,
K. ScHEFFLER®, and K. BuckeNMAIER? — 1Physikalisches Institut
and Center for Quantum Science (CQ) in LISAT, Universitét Tiibin-
gen, Auf der Morgenstelle 14, 72076 Tiibingen, Germany — 2Institut
fir Anorganische Chemie, Universitdt Tibingen, Auf der Morgen-
stelle 18, 72076 Tiibingen, Germany — SHigh-Field Magnetic Reso-
nance Center, Max Planck Institute for Biological Cybernetics, Spe-
mannstrafte 41, 72076 Tiibingen, Germany

In NMR/MRI experiments at ultra low magnetic fields hyperpolar-
ization techniques based on parahydrogen (pH2) could offer a simple
way to circumvent the lack of the low equilibrium polarization of the
sample. A chemical exchange reaction, taking place at By fields in the
mT range, transfers polarized spins from pHga via a transfer catalyst
to the sample. This transfer reaction can enhance the sample polar-
ization in By fields in the mT range by a factor of 10%, offering sample
polarizations comparable to polarization fields of 103-10% T. To inves-
tigate these newly developed techniques a SQUID based NMR/MRI
system operating at a static magnetic field in the mT range is being
developed. By using a SQUID for detecting the NMR Signal, the sys-
tem can benefit from its very low intrinsic noise level. Additionally,
SQUIDs are wide band detectors and can detect the signal of multiple
kernels simultaneously. A design of an ultra low field MRI system and
first results will be presented.

TT 51.5 Wed 16:00 H19
Sub-gap conductivity of disordered superconducting TaN and

NbN thin films — eMAaARc ScHEFFLER!, M. MAXIMILIAN FELGER!,

MoriTz ScuoLze!, Uwe S. PracuT!, MARTIN DREsSEL!, KON-
STANTIN S. ILIN?, MIcHAEL SIEGEL?, and LAarRa BeENraTTO® — 11.
Physikalisches Institut, Universitét Stuttgart — 2Institut fiir Mikro-
und Nanoelektronische Systeme, KIT — 3ISC-CNR and Department

of Physics, Sapienza University of Rome

Optical spectroscopy studies provide valuable insight into the charac-
teristics of superconductors, such as the superconducting energy gap
and the electrodynamical response of the superfluid condensate and the
quasiparticles. Recently, the sub-gap optical conductivity of strongly
disordered superconductors has gained substantial attention because of
the possibility to observe collective modes that go beyond the classical,
BCS-based predictions for the optical properties of superconductors.

We have performed broadband microwave spectroscopy on thin films
of NbN (thickness between 3 nm and 20 nm; 7. between 5 K and
13 K) and TaN (thickness 5 nm; T, around 9 K). The covered tem-
peratures are down to 1.1 K and the frequency range goes up to 50
GHz (which is well below the energy gap). We analyze the real and
imaginary parts of the frequency-dependent microwave conductivity
and determine the contributions of quasiparticles and Cooper pairs,
respectively. We compare these data to Mattis-Bardeen expectations
and we discuss them in the light of the ongoing discussion of collective
modes in superconductors.

TT 51.6 Wed 16:15 H19

Observation of thermoelectric currents in high-field
superconductor-ferromagnet tunnel junctions — eSTEFAN
KoLeEnDA, MicHAEL J. WoLF, and DETLEF BECKMANN — Institut

fiir Nanotechnologie, Karlsruher Institut fiir Technologie

‘We report on the experimental observation of thermoelectric currents
in superconductor-ferromagnet tunnel junctions in high magnetic fields
[1]. The thermoelectric signals are due to a spin-dependent lifting of
particle-hole symmetry, and are found to be in excellent agreement
with recent theoretical predictions [2]. The maximum Seebeck coeffi-
cient inferred from the data is about —100 pV /K, much larger than
commonly found in metalic structures. Our results directly give proof
of the coupling of spin and heat transport in high-field superconduc-
tors.

[1] S.Kolenda et al., arXiv:1509.05568

[2] A.Ozaeta et al., PRL 112, 057001 (2014)

TT 51.7 Wed 16:30 H19
"Isolation" of the proximity-induced triplet pairing chan-
nel in the superconductor/ferromagnet spin valve — ePAVEL
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LeksIN''2, NADIR GARIFYANOVZ, ANDREY KAMASHEVZ, AIDAR

VaLipov?, Yakov Fominov34, JoacHiMm ScHUMANN!, VLADISLAV
Kataev!l, JurgeNn Taomas!, BernDp BuceNErR!®, and ILciz
GARIFULLIN? — lLeibniz Institute for Solid State and Materials
Research IFW Dresden, D-01171 Dresden, Germany — 2Zavoisky
Physical-Technical Institute, Russian Academy of Sciences, 420029
Kazan, Russia — 3L. D. Landau Institute for Theoretical Physics, Rus-
sian Academy of Sciences, 142432 Chernogolovka, Russia — *Moscow
Institute of Physics and Technology, 141700 Dolgoprudny, Russia —
5Institute for Solid State Physics, Technical University Dresden, D-
01062 Dresden, Germany

We have studied the proximity induced superconducting triplet pair-
ing in CoO,/Pyl/Cu/Py2/Cu/Pb spin-valve structure. By optimiz-
ing the parameters of structures we found a full switching between the
normal and superconducting states. To observe an "isolated" triplet
spin-valve effect we exploited the oscillatory feature of the magnitude
of the ordinary spin-valve effect AT¢ in the dependence of the Py2-
layer thickness dpy2. We determined the value of dpy2 at which AT,
caused by the ordinary spin-valve effect (the difference in T, between
antiparallel and parallel mutual orientation of magnetizations of the
Pyl and Py2 layers) is suppressed. For such a sample a "pure" triplet
spin-valve effect which causes the minimum in 7. at the orthogonal
configuration of magnetizations has been observed.

15 min. break

TT 51.8 Wed 17:00 H19
Coherent emission of terahertz radiation from intrinsic
Josephson junctions in BixSroCaCuzOg — eFABIAN Rupaul,
RAPHAEL WIELANDY, Xiansing ZuouZ3, MIN Ji23, NICKOLAY
Kinev?, Luvao Hao?3, Ya Huanc?3, Jun Li2, PriENG WUZ2,
TakesHl Hatano®, VALERY KosHeLETs?, HuaBine Wana?3, Di-
eETER KOELLE!, and REiNHOLD KLEINER! — !Physikalisches Institut
and Center for Quantum Science (CQ) in LISAY, Universitdt Tiibin-
gen, Germany — 2Research Institute of Superconductor Electronics,
Nanjing University, China — 3National Institute for Materials Sci-
ence, Tsukuba, Japan — *Kotel’nikov Institute of Radio Engineering
and Electronics, Moscow, Russia

Stacks of intrinsic Josephson junctions, made of the high-T¢ supercon-
ductor BizSr2CaCu20g, can be used as emitters of electromagnetic
waves at terahertz frequencies. Coherent emission from 0.3 to 2.4 THz
was detected from large, rectangular or disc-shaped mesa structures.
Having a linewidth of only a few MHz, emission powers of several tens
of microwatt can be produced for single stacks and up to 0.61 mW for
an array of mesas.

Since the mechanisms of synchronizing all the junctions in the stack
is still not fully understood, we investigated the temperature distri-
bution and electromagnetic standing waves in such stacks, as well as
the generation of terahertz radiation, using a combination of electric
transport measurements, direct radiation detection and low tempera-
ture scanning laser microscopy. Recent experimental results from our
collaboration will be presented and compared to numerical simulations.

TT 51.9 Wed 17:15 H19
Stabilized superconductivity in periodically driven Josephson
junction chains — eJunicHl OkaMoT012:3 ANDREA CAVALLERIY?,
and Lubpwic Maruey!?3 — I1Center for Optical Quantum Tech-
nologies, University of Hamburg, Hamburg, Germany — 2Institute
of Laser Physics, University of Hamburg, Hamburg, Germany —
3The Hamburg Centre for Ultrafast Imaging, Hamburg, Germany —
4Max Planck Institute for the Structure and Dynamics of Matter —
5University of Oxford

Motivated by recent pump-probe experiments indicating enhanced co-
herent c-axis transport in an underdoped YBCO, a typical high-T.
superconductor, we study a system of capacitively coupled alternat-
ing Josephson junctions periodically driven by laser pulses. Using
Langevin simulations, we show that the reduction of current fluctua-
tions is realized through the Kapitza effect for high-frequency driving.
In this regime superfluid density calculated from the imaginary part
of conductivity is indeed enhanced compared to the thermal value.
Calculations based on effective models with renormalized parameters
explain this enhancement of superfluid density and other features of
driven states.

TT 51.10 Wed 17:30 H19

Self-heating in Josephson junction chains: new insight from

old circuits — eJARED CoLE!, MICHAEL MARTHALER2, and TiMo-
taY DUuTY? — 1Chemical and Quantum Physics, School of Applied
Sciences, RMIT University, Melbourne, Victoria 3001, Australia —
2Institute fiir Theoretische Festkorperphysik, Karlsruhe Institute of
Technology, 76128 Karlsruhe, Germany — 3Centre for Engineered
Quantum Systems (EQuS), School of Physics, University of New South
Wales, Sydney, New South Wales 2052, Australia

The conduction properties of arrays of Josephson junctions are been
studied for decades, yet the experimental results never really match
the predictions of the idealised theoretical models. Many reasons have
been given for this, including imperfections in the measurement, in
the fabrication process or in the theoretical models used. Recently, us-
ing a combination of systematic numerical and experimental studies,
the gap between theory and experiment is closing. As an example of
this, we discuss the role of self-heating in the transport properties of
one-dimensional Josephson junction chains. We show tantalising ex-
perimental measurements and how these can be compared to various
theoretical models for the self-heating processes within the chains.

TT 51.11 Wed 17:45 H19
Quasicharge depinning in bilinear Josephson juncton arrays
— oSAMUEL WILKINSON, NicoLas VoaT, and JARED CoLE — Chem-
ical and Quantum Physics, School of Applied Sciences, RMIT Univer-
sity, Melbourne 3001, Australia

Bilinear Josephson junction arrays have been the subject of experi-
mental studies, where interesting threshold, Coulomb drag and current
mirror behaviour have been observed. Theoretically, the precise mech-
anisms are not currently well understood. We have applied the theory
of quasicharge depinning, which has previously been successfully in
describing linear arrays. Here we present the results of numerical sim-
ulations which offer insight into some of the experimentally observed
phenomena, and suggests possible new effects which may be observed
at high voltages.

15 min. break

TT 51.12 Wed 18:15 HI19
Antibunched photons from inelastic Cooper-pair tunneling
— eJuna Leprikancas!?2, MikagL FOGELSTROM!, ALEXANDER
GriMM®, Max HorHEINZ?, MICHAEL MARTHALER?, and GORAN
Jonansson! — Microtechnology and Nanoscience, MC2, Chalmers
University of Technology, Géteborg, Sweden — 2Institut fiir Theoretis-
che Festkorperphysik, Karlsruhe Institute of Technology, Karlsruhe,
Germany — 3Université Grenoble Alpes, INAC-SPSMS, Grenoble,
France

We demonstrate theoretically that charge transport across a Joseph-
son junction, voltage-biased through a resistive environment, produces
antibunched photons. We develop a continuous-mode description of
the emitted radiation field in a semi-infinite transmission line termi-
nated by the Josephson junction. Within a perturbative treatment in
powers of the tunneling coupling across the Josephson junction, we
capture effects originating in charging dynamics of consecutively tun-
neling Cooper pairs. We find that within a feasible experimental setup
the Coulomb blockade provided by high zero-frequency impedance can
be used to create antibunched photons at a very high rate and in a
very versatile frequency window ranging from a few GHz to a THz.

TT 51.13 Wed 18:30 HI19

Josephson switching current investigated in a scanning tun-

neling microscope junction — eJacos SENKPIEL!, BERTHOLD
Jick!, MarTHIAS ELTscukal, Markus ETzkorRN!, CHRISTIAN R.
Ast!, and Kraus KErnb?2 — 1Max-Planck-Institut fiir Festkorper-

forschung, 70569 Stuttgart — 2Ecole Polytechnique Fédérale de Lau-
sanne, 1015 Lausanne, Switzerland

Employing the I( V')-characteristics of a scanning tunneling microscope
(STM) Josephson junction to directly determine the local order pa-
rameter of a superconductor would give a powerful tool to understand
superconductivity on the atomic scale. Recent research in this field
led to some valuable insights to this technique [1,2]. Being able to
perform not only voltage but also current biased measurements of the
same junction gives us a new approach to study the physics involved
in the Josephson effect. Interestingly a comparison of the current and
the voltage biased measurements shows that the Josephson switching
current corresponds to the current value of the maximum in the volt-
age biased measurement. In contrast to conventional planar tunneling
geometries, an STM allows for precise control of the tunneling resis-
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tance and makes it possible to tune the Josephson coupling energy.
Using this ability we find, that the switching current is proportional
to the square of the Josephson coupling energy.

[1] B. Jack et al., APL 106, 062904 (2015)

[2] C.R. Ast et al., arXiv:1510.08449

TT 51.14 Wed 18:45 H19
Cooper pair splitters beyond the Coulomb blockade regime
— oEnup AmiTtar!, Rakesu P. Trwari!, STEFAN WALTER?, THOMAS
L. Scumipt?, and SiMoN E. Nica! — 'Department of Physics, Uni-
versity of Basel, Klingelbergstrasse 82, 4056 Basel, Switzerland —
?Institute for Theoretical Physics, University Erlangen Nuernberg,

Staudtstrasse 7, 91058 Erlangen, Germany — 3Physics and Materials
Science Research Unit, University of Luxembourg, L-1511 Luxembourg

We consider the setup of a conventional s-wave Cooper pair splitter.
However, we consider the charging energies in the quantum dots to
be finite and smaller than the superconducting gap. We find analyt-
ically that at low energies the superconductor mediates an inter-dot
tunneling term, the spin symmetry of which is influenced by a finite
Zeeman field. This effect, together with an electrical tuning scheme
of the quantum dot levels, can be used to engineer a non local triplet
state on the two quantum dots, thereby extending the non-local state
engineering capabilities of the Cooper pair splitter system.



