Tuesday

TT 15: Superconductivity - Tunneling, Josephson Junctions, SQUIDs

Time: Tuesday 14:00-17:15

TT 15.1 Tue 14:00 H20
Untersuchung von planaren HTSL Flip-Chip dc-SQUID
Gradiometern — eCHRISTOPH BECKER!, ALEXANDER STEPPKE!,
VEIT GROSSE!, HENDRIK SCHNEIDEWIND?, LuTZz REDLICH?, FRANK
ScamMipL! und PAuL SEDEL! — llnstitut fiir Festkorperphysik,
Friedrich- Schiller-Universitit Jena, Germany — 2Institut fiir Phy-
sikalische Hochtechnologie e.V., Jena, Germany

Die Feldgradientenauflésung von planaren hochtemperatursupraleiten-
den (HTSL) dc-SQUID Gradiometern kann mittels supraleitenden
FluBtransformern gesteigert werden. Die Gradiometer wurden dabei
hinsichtlich der Fehlerrate optimiert. Die Gradiometer sind mit un-
serem Standard U-Form de-SQUID-Layout versehen, das photolitho-
grafisch aus den 150 nm diinnen YBCO Schichten auf 10x10 mm?
SrTiO3 Bikristallsubstraten strukturiert wird. Die Schichtherstellung
erfolgt mittels PLD. Als supraleitende Fluitransformer werden einer-
seits YBCO Antennen auf vorgeformten SrTiO3 Substraten verwendet.
Andererseits kommen Flufitransformer aus 200 nm diinnen TBCCO
Schichten auf 2”LaAlO3 oder Saphir-Substraten zum Einsatz. Diese
werden nach der Schichtherstellung strukturiert und geschnitten.

Vorgestellt werden die elektrischen Eigenschaften der verschiedenen
Flip-Chip Konfigurationen, wie Ic Ry-Produkt, Spannungshub, die ef-
fektive Fliche der Sensoren und deren Balance. Die Ergebnisse zur
Langzeitstabilitit der SiO2 Passivierung und das Verhalten der Senso-
ren in magnetisch geschirmter und ungeschirmter Umgebung werden
gezeigt. Spezielles Augenmerk wird dabei auf die Rauscheigenschaften
in magnetisch ungeschirmter Umgebung gelegt.

TT 15.2 Tue 14:15 H20
Coupling mechanism of a mm wave radiation to Josephson
junctions in an open resonator — eA. M. KrusHiN, M. Hg, M.
KUROCHKA, and N. KLEIN — Institute of Bio- and Nanosystems and
CNI-Centre of Nanoelectronic Systems for Information Technology
Forschungszentrum Jiilich GmbH, D-52425 Jiilich, Germany

We have explored the coupling mechanism of a millimeter wave ra-
diation to bicrystal Josephson junction arrays embedded in a hemi-
spherical Fabry-Perot resonator [1]. We have found that our high-
temperature superconductor array can be modeled as a thin film grid
polarizer. In agreement with this model, a strong dependence of the
coupling of the Josephson junctions on the polarization of the electric
filed in the resonator was observed. We achieved a maximum Joseph-
son voltage about 30 mV for an array of 182 bicrystal junctions at a
temperature of 75K and a frequency of 75 GHz. Our results showed
that such circuits are challenging for application in a quantum volt-
age metrology. It is important to note that our quasioptical coupling
method can be extended up to terahertz frequencies. Here, our ap-
proach appears very promising for the realization of THz sources and
detector arrays. Finally, our approach could be useful for irradiation
of large arrays of niobium Josephson junctions as well. In this case, a
substantial simplification of the technology of niobium arrays, and an
increase of the irradiation frequency could be achievable.
[1] Appl. Phys. Lett. 89, 232505 (2006)

TT 15.3 Tue 14:30 H20
Unusual Properties of High-7. SQUIDs — eCHRISTOF
SCHNEIDER!, FLORIAN LoDER!, THiLO Kopp!, JoHN KIRTLEY?, HE-
LENE RAFFY3, and JOCHEN MANNHART! — lLehrstuhl fiir Experi-
mentalphysik VI, Institut fiir Physik, Universitdt Augsburg, D-86135
Augsburg — 2IBM Thomas J. Watson Research Center, P.O.Box 218,
Yorktown Heights, New York 10598, USA — 3Laboratoire de Physique
des Solides, Université de Paris-Sud, 91405 Orsay, France

Current-voltage characteristics of SQUIDs show a periodic variation
of the critical current as a function of the applied magnetic field.
Usually, the periodicity corresponds to one flux quantum ®g=h/2e.
Low-inductance high-Tc grain boundary SQUIDs with a 0°/45° mis-
orientation however, display systematically a characteristic periodicity
of the critical current of 1/2 X ®p in small magnetic fields. In this
contribution we present a systematic study of high-7. SQUIDs with
different grain boundary misorientation angles. For most misorien-
tations, critical current oscillations with periods of 1/2 X ®¢ in small
magnetic fields have been identified. SQUIDs prepared on 24° and 30°
bicrystalline substrates show highly unusual and complex diffraction
patterns. The interpretation of the phase—sensitive experiments is only

Location: H20

partly consistent with higher harmonics of the current—phase relation
for the Josephson current.

TT 15.4 Tue 14:45 H20
Coupling of external electromagnetic fields to supercurrents:
From SQUID to SQIF — eNiLs ScHOPOHL — Eberhard-Karls-
Universitaet Tuebingen, Institut fuer Theoretische Physik, Lehrstuhl
Theoretische Festkoerperphysik, Auf der Morgenstelle 14, D-72076
Tuebingen

Basic principles of Josephson junction based interferometers are re-
viewed. Key features of parallel and also serial Superconducting Quan-
tum Interference Filters (SQIFs) are explained in detail. Results of
recent mixing experiments with radiofrequency signals between 100
MHZ and 20GHz are discussed and analyzed with help of a simple
model.

TT 15.5 Tue 15:00 H20
Josephson tunnel junctions with ferromagnetic barrier layer
— oMARTIN WEIDES!, HERMANN KOHLSTEDT!, MATTHIAS KEMMLER?,
DieTER KOELLE?, REINHOLD KLEINER?, and EDWARD GOLDOBIN?
— lInstitute for Solid State Research, Research Centre Jiilich —
2Physikalisches Institut - Experimentalphysik 1T,

We have fabricated Nb/AlaO3/Nig.6Cug.4/Nb Josephson tunnel junc-
tions[1]. Depending on the thickness of the ferromagnetic Nig.¢Cug.4
layer and on the ambient temperature, the junctions were in the 0 or
m coupled ground state[2]. The AlpOg3 tunnel barrier allows to achieve
rather low damping. The critical current density in the 7 state was up
to 5 A/cm2 at T'= 2.1 K, resulting in a Josephson penetration depth
Ay as low as 160 pm. Experimentally determined junction parameters
are well described by theory taking into account spin-flip scattering
in the Nig.gCug.4 layer and different interface transparencies. Using
a ferromagnetic layer with a step-like thickness we obtain a O—m junc-
tion with equal lengths and critical currents of 0 and w parts. The
I.(H) pattern shows a clear minimum in the vicinity of zero field. The
ground state of our 330 pm (1.3 Ay) long junction corresponds to a
spontaneous vortex of supercurrent pinned at the O—m phase boundary,
carrying ~ 6.7% of the magnetic flux quantum ®g[3].

[1] Weides et al., Physica C 437-438, 349 (2006)

[2] Weides et al., Appl. Phys. Lett. 89, 122511 (2006)

[3] Weides et al., Phys. Rev. Lett. (12/2006)

15 min. break

Invited Talk TT 15.6 Tue 15:30 H20

Fractional flux quanta in Josephson junctions — eEDWARD
GoLDOBIN', KAl BUCKENMAIER!, ToBIAS GABER!, MATTHIAS
KeMMLER'!, MARTIN WEIDES?, JupITH PrFEIFFER!, HERMANN

KoursTeDpT?, DIETER KOELLE!, REINHOLD KLEINER!, and MICHAEL
SIEGEL? — 1Physikalisches Institut — Experimentalphysik II, Univer-
sitdt Tibingen, Auf der Morgenstelle 14, D-72076 Tibingen, Ger-
many — 2Center of Nanoelectronic Systems for Information Tech-
nology (CNI), Research Centre Jiilich, D-52425 Jiilich, Germany —
3Institut fiir Mikro— und Nanoelektronische Systeme, Universitit Karl-
sruhe, Hertzstr. 16, D-76187 Karlsruhe, Germany

Fractional Josephson vortices may appear in the so-called 0-x Joseph-
son junctions (k is an arbitrary number) and carry magnetic flux ®,
which is a fraction of the magnetic flux quantum ®g ~ 2.07x10~15 Whb.
Their properties are very different from the usual integer fluxons: they
are pinned, and often represent the ground state of the system with
spontaneous circulating supercurrent. They behave as well controlled
macroscopic spins and can be used to construct bits, qubits, tunable
photonic crystals and to study the (quantum) physics of spin systems.

In this talk we discuss recent advances in 0-7 junction technology
and present recent experimental results: evidence of the spontaneous
flux in the ground state[1], spectroscopy of the fractional vortex eigen-
frequencies[2] and observation of dynamics effects related to the flip-
ping of the fractional vortices.

[1] M. Weides et al., Phys. Rev. Lett. 97, 247001 (2006).

[2] K. Buckenmaier et al., cond-mat/0610043.

Invited Talk TT 15.7 Tue 16:00 H20



Tuesday

SQUID Technology for Geophysical Exploration — eHANs-
GEORG MEYER, RONNY STOLZ, ANDREAS CHWALA, SVEN LINZEN, and
VOLKMAR SCHULTZE — Institute for Physical High Technology, Albert-
Einstein-Strafle 9, D-07745 Jena, Germany

Magnetic measurements are widely used for geophysical exploration.
The fields of applications are ranging from mineral exploration, envi-
ronmental and military monitoring to archaeometry. During the past
few years several SQUID systems for geomagnetic measurements have
been developed and successfully tested. Compared to conventional
systems their outstanding performance was demonstrated. The lat-
est of such systems are mainly based on LTS SQUIDs and shall be
summarized here.

Airborne geophysics is extremely interesting in prospecting, since
they allow effectively covering large areas with sufficiently high spa-
tial resolution in a short period of time. Geomagnetics detects basi-
cally anomalies of the Earth’s magnetic field. In order to use sensitive
SQUID gradiometers in airborne applications a high common mode re-
jection is necessary, since the parasitic areas of the SQUID gradiometer
lead to motion noise if the gradiometer is tilted in the Earth’s mag-
netic field. The recently developed planar LTS SQUID gradiometers
with a base length of 3.5 cm show an intrinsic balance of about 1074.
In this way a noise limited gradient field resolution better than 100
fT/[m*sqrt(Hz)] down to 0.1 Hz is achieved. By means of the airborne
SQUID system the complete gradient tensor of the Earth’s magnetic
field was measured with superior accuracy never reached so far.

TT 15.8 Tue 16:30 H20
A LTS-SQUID System for Geomagnetic Prospection — eSVEN
LiNzEN!, RONNY STOLZ!, VOLKMAR SCHULTZE!, ANDREAS CHWALA®,
MARCO ScHULZ!, TiM SCHULER?, NIKOLAI BONDARENKO!, SEBASTIAN
HauspURG!, and HANS-GEORG MEYER! — lInstitute for Physical High
Technology, A.-Einstein-Str. 9, D-07745 Jena — 2Thuringian State
Office for Archaeology, Humboldtstr. 11, D-99423 Weimar, Germany

The geomagnetic mapping of large areas gains in importance in ar-
chaeology. High sensitive sensors are necessary to resolve the small
magnetic signals of buried structures like adobe walls, tombs or mag-
netic traces of ancient wood palisades which are completely decom-
posed nowadays. The sensitivity and bandwidth of state-of-the-art
caesium magnetometer systems, however, are not sufficient in many
cases. Thus, we built a niobium SQUID based system to overcome
these limitations. Owur highly balanced planar gradiometers as well
as the SQUID electronics and data acquisition are carried by a non-
metallic cart which allows a soft and fast motion over ground. An
inertial system as well as differential GPS completes the setup which
provides us the local position of our gradiometers with a resolution of
10 cm. Fast mapping with about one hectare per hour can be per-
formed with the system pulled by a cross-country car. We present
experimental data which were acquired during several field campaigns
in Europe and South America. Furthermore, we discuss the applica-
tion of our system in foundation soil analysis.

This work was supported by the German BMBF, the Free State of
Thuringia, and the European Union.

TT 15.9 Tue 16:45 H20
Compact noise thermometer for mK-temperatures based on
integrated SQUID magnetometers — eALEXANDER KIRSTE!,
JORN BEYER!, DIETMAR DRUNG!, JOST ENGERT!, MARGRET PETERS!,
CORNELIA ASSMANN!, THOMAS SCHURIG!, ASTRID NETSCHZ, ANDREAS
FLEISCHMANNZ, and CHRISTIAN ENss? — !Physikalisch-Technische
Bundesanstalt, AG Kryosensoren, Abbestrafie 2-12, 10587 Berlin, Ger-
many — 2Kirchhoff-Institut fiir Physik, Universitit Heidelberg, Im
Neuenheimer Feld 227, D-69120 Heidelberg, Germany

‘We report on the development and optimization of very compact noise
thermometers for the temperature range of the PLTS-2000. They are
based on the detection of the magnetic field fluctuations above the sur-
face of a metal body by means of thin film SQUID magnetometers. The
thermally driven Johnson noise currents inside a metal body produce
fluctuating magnetic fields, which can be detected by highly sensitive
low-Tc de-SQUID magnetometers or gradiometers placed close to the
metal surface. The fundamental fluctuation-dissipation theorem pro-
vides a direct relation between temperature and noise currents or field
fluctuations to be measured: The power spectral density of the thermal
magnetic flux density noise is strictly proportional to the temperature,
provided the electrical conductivity does not change. Thus, the tem-
perature of the metal body can be determined from the spectrum of
the magnetic flux detected by the SQUID, making up a semi-primary
thermometer. Since the spectrum of these fluctuations depends signif-
icantly on the configuration of pick-up coil and metal body, it must
be optimized to achieve the largest noise signal (power) for a limited
chip area. This has been done resulting in thin film miniature multi-
loop SQUID gradiometers. We present measurements of the integrated
magnetic field fluctuation thermometer characterizing its sensitivity
and speed.

TT 15.10 Tue 17:00 H20
Macroscopic Quantum Tunneling of BizSroCaCuz0g5 In-
trinsic Josephson Junction SQUIDs — eX. Y. JIN, J. LISENFELD,
Y. KovaL, A. V. UstiNov, and P. MULLER — Physikalisches Institut
III, Universitdat Erlangen-Niirnberg

The properties of BizSroCaCu20g4.s superconducting rings broken by
intrinsic Josephson junction stacks were studied. The stack height was
between 4 and 50 junctions. SQUID behavior was observed in all de-
vices. The modulation depth of the critical currents increased with
decreasing number of junctions in the stack, and conformed to the §f,
values. Crossover temperatures between the thermal and the quantum
regime were in the range of 300 to 600 mK. Whereas the small stacks
behaved like series arrays of independent junctions, the larger stacks
were uniform and showed anomalous enhancement of escape rates. An
unconventional correlated retrapping was observed, i.e., the retrap-
ping probability decayed exponentially with the trapped flux. This
phenomenon indicates that the intrinsic SQUID is a strongly driven
Tera-Hertz harmonic oscillator in phase space, where intrinsic Joseph-
son junction stacks can provide both very high inductance and very
high charging energy simultaneously. Possible implications for the re-
alization of high-T. phase qubits are discussed.



