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Sonntag, 27. September 2015 | Sunday, 27th September 2015
14:00–19:00

Check in and Registration

15:30–16:15

Tutorial 1
The Metrology Initiative Braunschweig and the Research Center LENA
Meinhard Schilling, TU Braunschweig

16:15–16:45

Coffee Break

16:45–18:15

Tutorial 2
Nano SQUIDs
Dieter Kölle, Uni Tübingen
SET and the New Standard for Electrical Current
Hansjörg Scherer, PTB Braunschweig

19:00

Dinner

Montag, 28. September 2015 | Monday, 28th September 2015
08:45–09:00

Welcome
Meinhard Schilling, TU Braunschweig

Session 1: SQUIDs 1

09:00–09:30

HfTi-NanoSQUIDs for Nanoscale Magnetic Detection
Sylke Bechstein, PTB Berlin

09:30–10:00

Highly Sensitive YBCO NanoSQUIDs for Performing Magnetization
Reversal Measurements on Magnetic Nanoparticles

10:00–10:30

Coffee Break

Benedikt Müller, Uni Tübingen
Session 2: SQUIDs 2

10:30–11:00

The Compensated SQUID-Magnetometer for Nanoparticle Analysis
Frank Ludwig, TU Braunschweig

11:00–11:30

SQUID-Based Absolute Vector Magnetometer
Thomas Schönau, IPHT Jena

11:30–12:00

Dc-SQUIDs and Rf-SQUID Based Multiplexers for the Readout of Metallic Magnetic Calorimeters
Sebastian Kempf, Kirchhoff Institut für Physik, Universität Heidelberg

12:00–13:30
12

Lunch Break

Montag, 28. September 2015 | Monday, 28th September 2015
Session 3: Metrology

13:30–14:00

Precision Comparison of a 1V-JAWS and an AC-Quantum Voltmeter
Oliver Kieler, PTB Braunschweig

14:00–14:30

Self-Referenced Current Source for the Redefinition of the Ampere
David Reifert, PTB Braunschweig

14:30–15:00

Impedance Measurement Using Two Pulse-Driven Josephson Arrays
Inside a Cryocooler

15:00–16:30

Coffee Break and Poster Session

Stephan Bauer, PTB Braunschweig
Session 4: Radiation Detection

16:30–17:00

Coherent Terahertz Emission from Stacks of BiSrCaCuO Intrinsic
Josephson Junctions
Fabian Rudau, Uni Tübingen

17:00–17:30

Experimental Study of the Josephson-Radiation-Induced Single Photon
Excitation in the Normal Metal/Superconductor-Based Single-Electron
Circuits
Sergey Lotkhov, PTB Braunschweig

17:30–18:00

Operation of SNSPDs Embedded in Lumped-Element Resonant Circuits
Steffen Doerner, Karlsruher Insitut für Technologie

18:00–18:30

Integrated Four-Pixel Antenna Array for Single-Shot Terahertz Spectroscopy with Picosecond Time Resolution
Alexander Schmid, Karlsruher Insitut für Technologie

18:30–19:30

Dinner

19:30–20:15

Burgführung | Castle Tour

20:15–
open end

Get Together in the Bar

20:15–20.45

Meeting of the Scientific Commitee
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Dienstag, 29. September 2015 | Tuesday, 29th September 2015
Session 5: Superconducting Electronics

09:00–9:30

Nanowire-Based Cryotron as Amplifier for Superconducting Electronics
Thomas Ortlepp, CiS Forschungsinstitut für Mikrosensorik GmbH, Erfurt

09:30–10:00

Multiphoton Dressing of an Anharmonic Superconducting Many-Level
Quantum Circuit
Martin Weides, Karlsruher Insitut für Technologie

10:00–10:30

Coffee Break and Poster Session

Session 6: Quantum systems

10:30–11:00

Experiments with φ-Josephson Junctions
Edward Goldobin, Uni Tübingen

11:00–11:30

Ultrastrong Coupling in Two-Resonator Circuit QED
Edwar Xie, Walther-Meissner-Institut, Garching

11:30–12:00

Spin-Boson Model with an Engineered Reservoir in Circuit QED
Peter Eder, Walther-Meissner-Institut, Garching
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12:00–12.15

Closing

12:15–13:30

Lunch

13:30

Departure
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15

Nr. | No.

Titel | Title

Präsentierender Autor |
Presenting Author

Institution | Affiliation

1

Investigation of Low-Frequency Excess Flux Noise
in Dc-SQUIDs

Anna Ferring

Kirchhoff Institut für
Physik, Universität
Heidelberg

2

Characterisation of Nano
SQUIDs in Magnetic Fields

Claudia Köhn

PTB, Berlin

3

Development of Nb Nano
SQUIDs based on SNS
Junctions for Operation in
High Magnetic Fields

Viacheslav Morosh

PTB Braunschweig

4

Ultra Low Field Magnetic
Resonance Imaging for the
Investigation of Hyperpolarized Contrast Agents

Matthias Rudolph

Physikalisches Institut,
Universität Tübingen

5

Ultra-Low Noise SQUID
Magnetometer

Matthias Schmelz

Leibniz-Institut für Photonische Technologien,
Jena

SQUIDSs

Metrology

16

6

Cryogenic Current Comparator for Accelerators
and Storage Rings

Jessica Golm

Helmholtz-Institut Jena/
Institut für Festkörperphysik, Friedrich-Schiller-Universität Jena

7

Recent Improvements to
Deposition and Analysis of
Thin Films for Josephson
Voltage Standard Circuits

Thomas Scheller

PTB Braunschweig

8

MMC Detector Arrays with
On-chip SQUID Readout

Mathias Wegner

Kirchhoff-Institut für
Physik, Universität
Heidelberg

9

Nb/Six-Herstellungstechnologie für 10 V programmierbare Josephson-Spannungsnormal-Schaltungen

Richard Knipper

Leibniz-Institut für Photonische Technologien,
Jena

Nr. | No.

Titel | Title

Präsentierender Autor |
Presenting Author

Institution | Affiliation

Radiation Detection

10

Single-Spiral Superconducting Nanowire
Single-Photon Detector in
Magnetic Field

Ilya I.Charaev

Karlsruher Institut für
Technologie

11

Cryogenic Kinetic-Inductance Bolometer (KIBO)
for Continuous Terahertz
Radiation

Matthias Arndt

Karlsruher Institut für
Technologie

12

Displacement of Squeezed
Propagating Microwave
States

Jan Goetz

Walther-Meißner-Institut,
Garching/ Physik-Department, TU München

13

Al-Based Superconducting
Circuit for Creation, Transmission and Detection of
Weak Microwave Signals
on-Chip

Behdad Jalali Jafari

PTB Braunschweig

14

Period-Doubling-Bifurcation Phenomena in Superconducting Nb Resonators
with Controlled Josephson
Nonlinearity at 4.2 K

Marat Khabipov

PTB Braunschweig

15

Medium Scale Integration
of Superconducting NbN
Nanowire Single-Photon
Detectors on GaAs for
Quantum Photonic Integrated Circuits

Ekkehart Schmidt

Karlsruher Institut für
Technologie

16

Coherent Emission of
Intrinsic Josephson Junctions at Zero-Field Steps

Paul Seidel

Institut für Festkörperphysik, Friedrich-Schiller-Universität, Jena

17

Dark Count Rate Evaluation of Superconducting
Nanowire Single Photon
Detectors Versus Silicon
Photomultipliers Operating
at Cryogenic Temperatures

Benny Mehler

CiS Forschungsinstitut
für Mikrosensorik GmbH,
Erfurt
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Nr. | No.
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Präsentierender Autor |
Presenting Author

Institution | Affiliation

18

Tunable Nb Resonators for
a Hybrid Quantum System
with Atomic Clouds

Benedikt Ferdinand

Physikalisches Institut,
Universität Tübingen

19

SIFS Based φ-Josephson
Junctions

Rosina Menditto

Physikalisches Institut,
Universität Tübingen

20

Quantum State Tomography on Long-Coherent
Superconducting Transmon Qubit

Andre Schneider

Karlsruher Institut für
Technologie

21

Characterization of
3D-Transmons and Rectangular Waveguides for
Transmission Experiments

Lukas Grünhaupt

Karlsruher Institut für
Technologie

Qubits

Cryocoolers

18

22

Jens Falter
Pulse Tube Cryocoolers
at 4 K:
Solutions for “Dry” Cooling
of Sensitive Cryoelectronic
Devices in Low Noise
Cryostats

TransMIT GmbH, Gießen

23

Development of a Compact Bernd Schmidt
Low-Noise Pulse Tube
Cryocooler for Operation of
Superconducting Optical
Detectors near 5 K

TransMIT GmbH, Gießen

24

Development of Measurement Methods to
Characterize Vibrations of
a Two-stage Pulse-Tube
Cryocooler

Entropy GmbH, München

Alexander Geiler

Vorträge | Oral Presentations
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HfTi-nanoSQUIDs for nanoscale magnetic detection
Sylke Bechstein, Claudia Köhn, Jan-Hendrik Storm, Marianne Fleischer-Bartsch,
Oliver Kieler, Johannes Kohlmann, Thomas Weimann, and Thomas Schurig
Physikalisch-Technische Bundesanstalt Braunschweig und Berlin
As recently reported [1], we have developed different types of Nb/HfTi/Nb-nanoSQUIDs with a lateral junction size of about 200 nm x 200 nm and an inner loop
size of about 840 nm x 840 nm. These nanoSQUIDs were designed as gradiometers, and implemented with gradiometric feedback loops, gradiometric transformers and rf filters to enhance their practical use. The noise in the white frequency
range depends on the SQUID loop inductance, and is typically 115 nΦ0/√Hz for
parallel nanoSQUID gradiometers, or about 200 nΦ0/√Hz for series nanoSQUID
gradiometers. In combination with a SQUID series array which acts as a lownoise preamplifier, these nanoSQUIDs can be operated in the flux locked loop
mode with high linearity in an ac magnetic field of up to a few mT. In this configuration, the excitation field is orientated either perpendicular or in-plane to the
gradiometric SQUID loop. That is an experimental setup used e.g. for particle
investigations. For the readout of nano-electromechanical resonator systems
(NEMS), the field tolerance to a dc in-plane magnetic field is of considerable interest. We demonstrate the operation in dc in-plane fields of a few tens of mT with
several measurements – most of them performed in a two-stage configuration.
Furthermore, we present an experimental setup for NEMS readout, and discuss
first measurements of this nanoSQUID-NEMS combination.
This work was partly supported by the DFG under Grant No. SCHU1950/5-1 and
within the European Metrology Research Programme EMRP ‘MetNEMS’ NEW08, which is jointly funded by the participating countries within EURAMET and the
European Union.
[1]
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S. Bechstein et al., ‘HfTi-nanoSQUID gradiometers with high linearity, ‘Appl. Phys. Lett. 106,
072601 (2015), doi 10.1063/1.4909523.

Highly sensitive YBCO nanoSQUIDs for performing magnetizationreversal measurements on magnetic nanoparticles
B. Müller1, M. J. Martínez-Pérez1, S. Heß1, T. Schwarz1, R. Wölbing1, C. F. Reiche2,T. Mühl2, B. Büchner2, J. Sesé3, R. Kleiner1, and D. Koelle1
1
2
3

Physikalisches Institut and Center for Collective Quantum Phenomena in LISA+, Universität
Tübingen, 72076 Tübingen, Germany
Leibniz Institute for Solid State and Materials Research IFW Dresden, 01069 Dresden, Germany
Instituto de Nanociencia de Aragón and Advanced Microscopy Laboratory, E-50009 Zaragoza,
Spain

We report on our activities in the realization, optimization and application of dc
YBCO nanoSQUIDs for a continuous measurement of magnetic nanoparticle
(MNP) magnetization loops in strong magnetic fields. Our YBCO SQUIDs based
on grain boundary Josephson junctions are patterned by focused ion beam milling and can be operated in magnetic fields up to the Tesla range[1,2].
The layout features an additional constriction next to the SQUID loop, allowing for
on-chip flux modulation and thus flux-locked loop operation as well as the use of
bias reversal readout schemes. Further, the coupling factor ϕµ=Φ/µ, i.e. the magnetic flux Φ coupled into the SQUID loop by a MNP with magnetic moment µ, is
increased for a MNP placed on top of the constriction.
The geometrical SQUID parameters were optimized using numerical simulations
based on London theory and the RSJ model[3] in order to improve the spin sensitivity Sµ1/2=SΦ1/2/ϕµ by minimizing the flux noise SΦ1/2 while maximizing ϕµ. For
such optimized experimental devices, flux noise levels down to ~50 nΦ0/Hz1/2 in
the white noise limit have been achieved, corresponding to only a few µB/Hz1/2 in
calculated spin sensitivity[4].
As a proof-of-principle we present magnetization-reversal measurements performed on a Fe nanowire embedded in a carbon nanotube[4,5] and on individual
Co nanopillars[6] that were deposited in close vicinity to the nanoSQUID loop,
allowing for the detection and characterization of the particles’ magnetization reversal under different ambient conditions.
[1]
[2]
[3]
[4]
[5]
[6]

J. Nagel et al., Supercond. Sci. Technol. 24, 015015 (2011)
T. Schwarz et al., ACS Nano 7, 844-850 (2013)
R. Wölbing et al., Supercond. Sci. Technol. 27, 125007 (2014)
T. Schwarz et al., Phys. Rev. Appl. 3, 044011 (2015)
T. Mühl et al., Appl. Phys. Lett. 101, 112401 (2012)
R. Córdoba et al., Microelectron. Eng. 87, 1550-1553 (2010)
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The compensated SQUID magnetometer for nanoparticles analysis
F. Ludwig, A. Guillaume, J. M. Scholtyssek, A. Lak, and M. Schilling
Insitut für Elektrische Messtechnik und Grundlagen der Elektrotechnik, TU Braunschweig, HansSommer-Str. 66, 38106, Braunschweig, Germany
Magnetic nanoparticles (MNPs) are of great interest for industrial and medical applications. Therefore, the properties of the particles have to be well controlled. For
the measurement of small amounts of nanoparticles, a sensor design with high
dipole sensitivity in needed, whereas it is insensitive to homogeneous and first-order gradient fields. In this talk, we present a novel self-compensating SQUID
design based on YBa2Cu3O7-x thin films and its use for magnetorelaxometry measurements of electron beam lithographically patterned Fe3O4 nanoparticles. The
square SQUID with micrometer dimensions is located inside a superconducting
compensation loop which is inductively coupled to the SQUID. Being properly positioned inside the compensation loop, the SQUID is insensitive to homogeneous
as well as to first-order gradient fields. Small amounts of MNPs are prepared
directly on the SQUID applying electron beam lithography. Magnetorelaxometry
measurements were carried out at 77 K sample temperature in a magnetically
shielded room in order to analyze the dynamic behavior of MNP samples and
to evaluate the detection limit of our SQUID sensors. Calculations based on the
magnetic moment superposition model (MSM) and finite element simulations
(FEM) indicate that the MNP samples can be fabricated in a well-defined way
by the presented method. Based on MRX measurements of a sample with 200
MNPs, we estimate the detection limit of our SQUID MRX setup as 70 MNPs.
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SQUID-based absolute vector magnetometer
T. Schönau*,1, M. Schmelz1, V. Zakosarenko2, R. Stolz1, M. Meyer2, S. Anders1,
L. Fritzsch1 and H.-G. Meyer1
1
2

Leibniz-Institute of Photonic Technology, Albert-Einstein-Str. 9, D-07745 Jena, Germany
Supracon AG, An der Lehmgrube 11, D-07751 Jena, Germany

We report on the development of a three-axis absolute vector magnetometer suited for mobile operation in the Earth’s magnetic field. It is based on SQUIDs with
sub-micron cross-type Josephson junctions and exhibits a white noise figure of
about 10 fT/Hz1/2.
The absolute measurement is achieved by the combined read out of a cascade
[1,2] of three SQUID magnetometers per spatial direction operated with directly
coupled standard SQUID electronics. They are fabricated on the same silicon
chip and subsequently differ by about two orders of magnitude in their effective
areas. Once calibrated, the absolute magnetic vector components are obtained
independent of the measurement history within a range of about 150 µT (corresponding to 30,000 Φ0). This is a major advantage over flux quanta-counting
methods where miscounts due to electromagnetic disturbances affect the whole
subsequent dataset.
During our work, several systematic deviations of the setup could be identified
and significantly reduced. These include e.g. crosstalk between the SQUIDs,
alignment errors, thermal drift of the electronics and systematic dependence on
the level of liquid helium and gas pressure in the cryostat.
In order to minimize offset variations due to flux trapped during cool down, all
superconducting structures on the chip were constrained to small linewidths and
closed superconducting loops had been avoided, if possible. We will present actual results on the reproducibility of the system parameters and estimate their
impact on the absolute measurement accuracy of the system.
[1]

Schönau T, Schmelz M, Zakosarenko V, Stolz R, Meyer M, Anders S, Fritzsch L and Meyer
H-G 2013 SQUID-based setup for the absolute measurement of the Earth’s magnetic field
Supercond. Sci. Technol. 26 035013

[2]

Patent DE 102013016739A1 „Superconducting quantum interference device-based sensor
assembly for absolute measurement of magnetic flux …“, Institut für Photonische Technologien e.V., 2014
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Dc-SQUIDs and rf-SQUID based multiplexers for the readout of
metallic magnetic calorimeters
Sebastian Kempf, Anna Ferring, Andreas Fleischmann, Loredana Gastaldo,
Mathias Wegner, Christian Enss
Kirchhoff-Institute forPhysics, Heidelberg University, Im Neuenheimer Feld 227, 69120 Heidelberg, Germany
Metallic magnetic calorimeters (MMCs)haveproven to be eminently suitable detectors for various kinds of applications ranging from high-resolution X-ray spectroscopy to direct neutrino mass determination and mass spectrometry. For MMC
readout, superconducting quantum interference devices (SQUIDs) are the devices of choice due to their quantum limited noise performance, their large system
bandwidth and their intrinsiccompatibility with sub-kelvin operation temperatures.
But in contrast to other low-temperature detectors MMCs are very sensitive to the
SQUID input circuitry as well as the SQUID noise performance. In particular, it is
known that parasitic inductances in the input circuit lead to a reduction of the detector signal size and that SQUID noise often sets a limit to the energy resolution.
For dedicated MMC readout, we are currently developing low-Tc SQUIDs employing Nb/Al-AlOx/Nb Josephson junctions. More precisely, we are developing
rf-SQUID based microwave SQUID multiplexers for the readout of large-scale
detector arrays, two-stage current-sensing dc-SQUIDs for the readout of single-channel detectors as well as dc-SQUID suited for direct temperature sensor
readout.
Wediscuss the influence of the SQUID noise performance on the energy resolution of MMCs. We particularly focus on the influence of low-frequency excess
flux noise and discuss possibilities to overcome the resulting limits on the energy resolution. We continue with a discussion of our SQUID designs and show
that our dc-SQUIDs show an exceptional small low-frequency excess flux noise
contribution. Furthermore, we discuss the performance of a 64 pixels detector
array that is read out by means of either an integratedrf-SQUID based microwave
SQUID multiplexer (µMUX) or 32 individual dc-SQUIDs that are located on the
same chip. Within this context, we demonstrate for the very first time a µMUX
based MMC readout. Finally, we outline the development of dc-SQUIDs fordirect
sensor readout.
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Precision comparison of a 1V-JAWS and an AC-Quantum Voltmeter
O. F. Kieler, R. Behr, S. Bauer, L. Palafox, R. Wendisch, J. Kohlmann
Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Germany
The pulse-driven Josephson voltage standard (JAWS) is a promising solution for
generating high purity arbitrary waveforms with quantum precision over a wide
frequency range from about 2 Hz up to 1 MHz. DC voltages are of course possible
too. Recently the output voltage of the JAWS was successfully increased to 1VRMS
at NIST and PTB. This was a significant step to enable the use of the JAWS for
many applications in voltage metrology.
To achieve this major breakthrough of output voltages up to 1 VRMS at PTB, we
substantially increased the number of active Josephson junctions. We developed
and successfully fabricated series arrays of up to 9000 triple-stacked SNS junctions with NbxSi1-x barriers. Output voltages of 355 mVRMS were realized by operation of two arrays with 18000 junctions integrated onto a single chip. By operating
up to 8 arrays in series (on 4 chips) using a newly developed 8-channel ternary
pulse pattern generator we were able to synthesize waveforms with output voltages of 1 VRMS. Higher harmonics are suppressed better than 120 dBc and the noise
floor is more than 140 dBc below the fundamental tone.
To evaluate the quantum precision of this newly developed 1V-JAWS system we
performed a precision comparison with the AC-Quantum Voltmeter based on the
programmable Josephson Voltage Standard. The deviation of the JAWS from
the theoretical voltage was investigated in a frequency range from about 30 Hz
to 2 kHz. The comparison demonstrated an excellent agreement between both
quantum standards. For the intermediate frequency of 250 Hz we achieved a final
result of +3.5 nV ± 11.7 nV (k=1). ). At the workshop we will present improvements
of the 1V-JAWS system and discuss the direct comparison.
This work was funded in part by the EU within EMRP JRP SIB59 Q-WAVE. The
EMRP is jointly funded by the EMRP participating countries within EURAMET
and the EU.
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Self-referenced current source for the redefinition of the Ampere
D. Reifert, N. Ubbelohde, R. Dolata, L. Fricke, T. Weimann and A. Zorin
Physikalisch-Technische Bundesanstalt (PTB), Bundesalle 100, 38116 Braunschweig, Germany
Since the current definition of the Ampere is impractical it should be redefined by
means of controlled transport of single electrons. Moreover, to be practical the
electric current has to be sufficiently large. A semiconductor single electron pump
is a potent tool to transport electrons with a high speed (e.g. a pump frequency
of 1 GHz results in a current I=e*f of about 160 pA). However, since the pumping
mechanism is prone to errors due to stochastic nature of quantum mechanical
tunneling (the best pump up to now had an accuracy of about 0.2 ppm), we operate several electron pumps in series and account for the accumulating charge
between them, which is caused by such errors. This allows us to directly detect
these pumping errors, thus creating a so-called self-referenced current source.
We use metallic single electron transistors (SETs), made out of aluminum, to
monitor the charge between these pumps. The measurement bandwidth of conventional SETs is rather limited (a few kHz) due to the high impedance of the SET
(> 100 kOhm) and large parasitic capacitance of the leads. To increase the measurement bandwidth we use the radio frequency-SET (RF-SET) in which the SET
is implemented in a resonant tank circuit and the reflectance of the resonators at
their resonance frequency is measured. We will briefly discuss the operation principle and fabrication of our devices and show some first measurements.
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Impedance measurement using two pulse-driven Josephson arrays
inside a cryocooler
S. Bauer, R. Behr, O.F. Kieler, L. Palafox
Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Germany
Today pulse-driven Josephson arrays (JAWS) offer the possibility to synthesize
sine waves with high spectral purity (>120dBc) in a frequency range from 2 Hz to
1 MHz and amplitudes larger than 100 mVRMS per array. This enables the set-up of
simple but accurate impedance bridges based on two Josephson arrays. In contrast to classical impedance bridges, an impedance bridge based on pulse-driven
arrays can measure arbitrary impedance ratios and at any specific phase-angle.
Such an impedance bridge was set up at PTB using two pulse-driven Josephson
arrays of one chip operated inside a cryocooler. The application of a pulse-tube
cryocooler offers a cryogen-free operation independent from liquid helium supply.
Beside this big advantage special care has to be taken considering proper cooling of the arrays and noise generated by additional electronic devices, like the
compressor unit and especially the frequency inverter needed for the pulse-tube
cryocooler.
In order to evaluate the performance of PTBs JAWS impedance bridge first measurements were carried out with 10 nF capacitors and 10 kΩ resistors. Beside the
measurement of 1:1 ratios (R:R and C:C) also the R:C combination (quadrature)
was measured. For the near future it is planned to take advantage of the JAWS
impedance bridge to compare a variety of impedances. At the conference we
will discuss the operation of pulse-driven arrays inside the cryocooler, the latest
measurement results and the chance of using an AC quantum Hall resistor within
the bridge.
This work was partly funded by the EU within EMRP JRP SIB53 AIMQuTE. The
EMRP is jointly funded by the EMRP participating countries within EURAMET
and EU.
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Coherent terahertz emission from stacks of Bi2Sr2CaCu2O8 intrinsic
Josephson junctions
F. Rudau1, R. Wieland1, B. Gross1,2, D. Y. An3,4, X. Y. Zhou3,4, M. Ji3,4, Y. Huang3,4,
J. Yuan4, J. Li4, N. Kinev6, M. Tsujimoto5, R. G. Mints7, V. P. Koshelets6, P. Wu3,
T. Hatano4, A. Ishii4, K. Hirata4, H. B. Wang3,4, D. Koelle1 and R. Kleiner1
Physikalisches Institut and Center for Collective Quantum Phenomena in LISA+, Universität
Tübingen, Auf der Morgenstelle 14, 72076 Tübingen, Germany
2
Present address: Department of Physics, University of Basel, Klingelbergstr. 82, CH-4056 Basel,
Switzerland
3
Institute of Superconductor Electronics, Nanjing University, Nanjing 210093, China
4
National Institute for Materials Science, Tsukuba 3050047, Japan
5
Department of Electronic Science & Engineering, Kyoto University, Kyoto, Japan
6
Kotel’nikov Institute of Radio Engineering and Electronics, Moscow 125009, Russia
7
School of Physics and Astronomy, Tel Aviv University, Tel Aviv 69978, Israel

1

Stacks of intrinsic Josephson junctions, made of the high-temperature superconductor Bi2Sr2CaCu2O8, are promising candidates to be used as generators of
electromagnetic waves in the terahertz regime, in principle allowing frequencies
up to ~10 THz. Coherent emission from 0.4 to 1.6 THz, having a linewidth as narrow as 23 MHz, was detected from large, rectangular stacks, producing several
tens of microwatt in power for single mesas [1-4, 6, 7, 10] and up to 0.61 mW for
an array of mesas [8].
Despite of several years of research, the mechanism of synchronizing all the
junctions in the stack is still not fully understood. We investigated the temperature distribution 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 temperature scanning laser microscopy [2-7, 11, 12]. Recent experimental results from our collaboration will be
presented and compared to numerical simulations.
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]
[12]
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L. Ozyuzer et al, Science 318, 1291 (2007).
H. B. Wang et al, Phys. Rev. Lett., 102 017006, (2009).
S. Guénon et al., Phys. Rev. B 82, 214506 (2010).
H. B. Wang et al., Phys. Rev. Lett. 105, 057002 (2010).
B. Gross et al., Phys. Rev. B 86, 094524 (2012)
M. Li et al., Phys. Rev. B 86, 060505 (2012)
D. Y. An et al., Appl. Phys. Lett. 102, 092601 (2013)
T. Benseman et al., Appl. Phys. Lett. 103, 022602 (2013)
U. Welp et al., Nature Photonics 7, 702–710 (2013)
T. Kashiwagi et al., Appl. Phys. Lett. 106, 092601 (2015)
B. Gross et al., Supercond. Sci. Technol. 28, 055004 (2015)
F. Rudau et al., Phys. Rev. B 91, 104513 (2015)

Experimental study of the Josephson-radiation induced singlephoton excitations in the normal metal/superconductor-based
single-electron circuits
S. Lotkhov, B. Jalali Jafari, A. B. Zorin
Physikalisch-Technische Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Germany
We investigate an ultimate performance of superconductive single-electron tunneling (SSET) circuits operating at temperatures below 100 mK. Since the thermal fluctuations are weak, another error mechanism, known as photon-assisted
tunneling and appearing due to the microwave background of the sample, shows
up as a limiting factor for the accuracy of devices, operating on the principle of
gate-driven transfer of single electrons. A systematic study of the photon-activated tunneling statistics requires a controllable source of microwaves at frequencies around f ~ 100 GHz, i.e. hf ~ Δ + EC ~ 400 µeV coupled to the SSET device
under test. Here Δ and EC are the quasiparticle excitation threshold (viz. the energy gap of the superconductor) and the charging energy, respectively.
The photon-assisted tunneling rates were studied in a double-junction device, the
SINIS-type single-electron trap (here “S”= Superconductor, “I” = Insulator, and
“N” = normal metal) which mimics the basic structure of the so-called hybrid turnstile, the circuit promising for the role of a future current standard. The microwave
signal was produced on the same chip using the Josephson oscillations in a small
symmetric two-junction interferometer. External magnetic field made it possible
to dramatically suppress the effective critical current and, therefore, the emitted
microwave power. The signal was delivered to the trap with the help of a two-wire
coplanar transmission line over the distance of about 0.6 mm. For comparison,
an identical but uncoupled source of microwaves was added to the on-chip circuit
and positioned symmetrically at the same distance to the trap.
The tunneling rates in the trap were found being very sensitive even to a weak
microwave signal estimated as 10-100 nV rms narrow-band oscillation across the
SINIS double junction. The spectral sensitivity depended critically on the height
of the Coulomb barrier. Our observations, on the one hand, verify the SINIS trap
being an efficient microwave detector down to single photons in the sub-terahertz
frequency range. On the other hand, they point out to the need of exceptionally
low background microwave irradiation in order to ensure metrologically accurate
operation of SSET-based circuits.
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