Monday

TT 10: Superconductivity: Tunneling, Josephson Junctions, SQUIDs

Time: Monday 14:00-16:30

TT 10.1 Mon 14:00 HSZ 105
Terahertz emission from intrinsic Josephson junctions of
high-T. superconductor Bi2212 — eLiiTF1 OzyiizERD2, HASAN
KoseocLul, FuLya TURkoGLU!, CiHAN KURTER®, ULRICH WELP3,
KeEN E. GrRAY3, ALEX E. KOSHELEV3, TAKASHI YAMAMOTO?, KAZUO
KADOWAKI?, YILMAZ SIMSEK?, YURI KovaL?, PAuL MULLER?, and
HuABING WANG® — 1Department of Physics, Izmir Institute of Tech-
nology, Izmir, Turkey — 2Phys. Inst. III, University of Erlangen-
Nurnberg, Germany — 3Materials Science Division, Argonne Na-
tional Laboratory, Illinois, USA — 4University of Tsukuba, Japan —
5National Institute for Materials Science, Japan

Recent realization of coherent and continuous emission of THz waves
from intrinsic Josephson junctions of layered high temperature super-
conductor BizSroCaCuz0g4 (Bi2212) is promising to fill electromag-
netic spectrum’s Terahertz gap [1]. Large area mesas ranging from
300x100 to 300x40 pm? with height greater than 1 pm were formed
on Bi2212. Current-voltage and THz emission characteristics were ob-
tained at various temperatures. THz emissions of mesas were studied
by Si-composite bolometer and the emission frequencies were obtained.

[1] L. Ozyuzer, A. E. Koshelev, C. Kurter, N. Gopalsami, Q. Li, M.
Tachiki, T. Yamamoto, H. Minami, H. Yamaguchi, T. Tachiki, K. E.
Gray, W. K. Kwok and U. Welp, Science 318, 1291 (2007).

*This research is partially supported by TUBITAK (Sci. and Tech.
Research Council of Turkey) project number 108T238. L.O. acknowl-
edges support from Alexander von Humboldt Foundation.

TT 10.2 Mon 14:15 HSZ 105
Fabrication of large BizSroCaCuz0Ogs mesas for THz emis-
sion — eYiLMAz SiMsEk?, LiTrr OzyizErY2, YUurl KovaLl, PAUL
MULLER!, and HUABING WANG3 — 1Department of Physics, Univer-
sitdt Erlangen-Niirnberg, Erwin-Rommel-Strasse. 1, D-91058, Erlan-
gen, Germany — 2Department of Physics, Izmir Institute of Technol-
ogy, Izmir, Turkey — 3National Institute of Material Science, Japan

Recently, the observation of THz radiation from BisSraCaCu2Ogys
(Bi-2212) single crystals stimulated the research on intrinsic Joseph-
son junctions (IJJ)[1]. We have fabricated large area mesas including
many 1JJ stacks on Bi-2212 single crystals by electron beam lithogra-
phy and Ar ion beam etching techniques. As the observed THz emis-
sion is probably due to cavity resonances, the fabrication technique
was optimized to obtain clear rectangular shapes. We have fabricated
large and tall mesas by selective Ar ion beam etching of a Ti layer on
Bi-2212. The samples were characterized by dc I-V measurements. We
discuss possible resonant features of the I-V characteristics.

[1] L. Ozyuzer, A. E. Koshelev, C. Kurter, N. Gopalsami, Q. Li, M.
Tachiki, K. Kadowaki, T. Yamamoto, H. Minami, H. Yamaguchi, T.
Tachiki, K. E. Gray, W.-K. Kwok, U. Welp, Science 318, 1291 (2007).

*L.0. acknowledges support from Alexander von Humboldt Foun-
dation.

TT 10.3 Mon 14:30 HSZ 105
Laser imaging of hot spots and waves in BisSroCaCuz0sg in-
trinsic Josephson junctions — eS. GUENON', M. GRUNZWEIG!,
H. B. WanG2, J. Yuan?, A. Iismi?, S. Arisawa?, T. HATANOZ,
T. Yamasuira?, D. KorLLe!, and R. KLEINER! — !Physikalisch-
es Institut & Center for CollectiveQuantum Phenomena, Universitat
Tiibingen, Germany — 2National Institute for Materials Science,
Tsukuba3050047, Japan

Motivated by the discovery of coherent Terahertz emission in large
sized stacks of BiaSraCaCu2Og intrinsic Josephson junctions [1] we
used low-temperature scanning laser microscopy (LTSLM) to image
local electric field distributions of mesa structures patterned on top of
BiaSrpCaCuzOg single crystals [2]. In LT'SLM a laser beam at position
(z,y) on the sample surface locally warms up an area of about a few
pum?. This locally well defined heat distribution changes the electri-
cal properties of the system, which in turn leads to a voltage change
AV (z,y) measured globally across the sample. The mesas (330um
long and 30-70pm wide) were 1 pum thick and consisted of about 670
junctions. In the low-bias regime we find clear signatures of standing
electromagnetic waves that essentially are in agreement with the THz
emission data in [1]. At high bias voltages we observe the formation of
a hot spot, which at some currents is accompanied by standing wave
patterns interacting with the hot spot.

Location: HSZ 105

[1] L. Ozyuzer et al., Science 318, 1291 (2007)
[2] H. B. Wang, S. Guénon et al., submitted to Phys. Rev. Lett.;
arXiv:0807.2749v1 [cond-mat.supr-con|

TT 10.4 Mon 14:45 HSZ 105
Josephson junctions with ferromagnetic Fep 75Co00.25
and CusMnAl interlayers — oDIRK SPRUNGMANN!, KURT
WESTERHOLT!, HARTMUT ZABEL', and MARTIN WEIDES? — !Institut
fiir Experimentalphysik IV / Festkorperphysik, Ruhr-Universitéat
Bochum, D-44780 Bochum, Germany — 2IFF Forschungszentrum
Jilich, D-52425 Jiilich, Germany

We present our studies on SINFS Josephson junctions using
Feo.75Cop.25 and CuaMnAl-Heusler alloys for the F-layer. The junc-
tions with Feg 75Coq.25 represent the case of large magnetic exchange
energies in the region of 500 meV. We show that these junctions exhibit
an extremely short coherence length £r; = 0.16 nm and {ro = 0.54
nm and that the stray fields which emanate from the ferromagnetic
layer cause increasing flux trapping effects for thicknesses dp > 1.1
nm.

The opposite case with very small exchange energies in the region of
several meV is realized in junctions with the Heusler alloy CusMnAl.
This alloy sputtered at room temperature features a distinct structural
disorder which can be reduced by annealing. Because of the correla-
tion between structural order and exchange energy the ferromagnetism
can be fine tuned by thermal annealing. We study systematically the
influence of the annealing process on the transport properties and cor-
respondingly on the I.(dr)-characteristic of our junctions.

D. S., K. W. and H. Z. acknowledge financial support by SFB-491, and
M. W. by project WE 4359/1-1.

15 min. break

TT 10.5 Mon 15:15 HSZ 105
High frequency properties of Josephson w-junctions —
¢GEORG WILD'»2, CHRISTIAN PrOBST!', AcHIM MARX!, and RUDOLF
Gross!? — Walther-Meissner-Institut, Bayerische Akademie der
Wissenschaften, Walther-Meissner-Str. 8, 85748 Garching — 2Physik
Department, Technische Universitat Miinchen, Garching

Josephson junctions with ferromagnetic interlayer have attracted much
interest due to their potential application as w-phase shift elements.
We have developed a self-aligned multilayer process for the fabrication
of superconductor/insulator/ferromagnet/superconductor Josephson
junctions (S=Nb, I=AlO;, F=NiPd). Our junctions have RCSJ-like
current-voltage characteristics and a Fraunhofer diffraction pattern
for the magnetic field dependence of the critical current. The de-
pendence of the I.R,-product on the ferromagnet thickness shows a
clear crossover from the zero- to the w-state. We have determined the
plasma frequency of m-coupled junctions from Fiske resonances. This
data is used to explain the different excitations found in microwave
spectroscopy experiments at milli-Kelvin temperature.

This work was supported by the DFG via SFB 631 and the Excellence
Initiative via NIM.

TT 10.6 Mon 15:30 HSZ 105
Visualizing supercurrents in 0-7 ferromagnetic Josephson
tunnel junctions — eEDWARD GOLDOBIN', CHRISTIAN GURLICH!,
ToBias GABER!, DIETER KOELLE!, REINHOLD KLEINER!, MARTIN
WEIDES?, and HERMANN KOHLSTEDT2? — 1Physikalisches Institut and
Center for Collective Quantum Phenomena, Universitdat Tiibingen,
Germany — 2Institute of Solid State Physics, Reserch Center Jiilich,
Germany

So-called 0 and 7 Josephson junctions can be treated as having positive
and negative critical currents. This implies that the same phase shift
applied to a Josephson junction causes counterflow of supercurrents in
0 and in 7 junctions connected in parallel provided they are short in
comparison with Josephson penetration depth Aj.

We have fabricated several 0, w, 0-m, 0-m-0 and 20x(0-7-) pla-
nar superconductor-insulator-ferromagnet-superconductor Josephson
junctions and studied the spatial supercurrent density distribution
js(z,y) across the junction area using low temperature scanning elec-
tron microscopy. At zero magnetic field we clearly see counterflow of
the supercurrents in 0 and 7 regions. The picture also changes consis-
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tently in the applied magnetic field.

TT 10.7 Mon 15:45 HSZ 105
A universal 0-7 transition in magnetic triplet superconductor
Josephson junctions — ePHILIP BRYDON! and DIRK MANSKEZ —
ITechnische Universitit Dresden, Dresden, Germany — 2Max-Planck-
Institut fiir Festkorperforschung, Stuttgart, Germany

The spin of the Cooper pair in a triplet superconductor provides a
new degree of freedom in Josephson junction physics. This can be
accessed by using a magnetically-active tunneling barrier, leading to
a rich variety of unconventional Josephson effects. Using a tunneling
Hamiltonian approach, we obtain the currents in an arbitrary triplet
superconductor — ferromagnet — triplet superconductor junction, im-
posing only the condition that the orbital pairing states in the two su-
perconductors are not orthogonal. From this, we predict a sign change
of the charge current (a O-m transition) as the orientation of the bar-
rier magnetic moment is varied. We also show that the spin current
flows in opposite directions on either side of the junction, and has a
phase-independent contribution arising from spin-flip reflection pro-
cesses. We confirm our results for three different choices of orbital
pairing states using Bogoliubov-de Gennes theory.

TT 10.8 Mon 16:00 HSZ 105
Quantum Dynamics of LC shunted Nb/Al-AlO,/Nb Joseph-
son Junctions — eCHrisToPH KAISER!, THILO BAaucH?, FLORIANA
LOMBARDI2, and MICHAEL SIEGEL! — lInstitut fir Mikro- und Na-
noelektronische Systeme, Universitat Karlsruhe (TH), D-76187 Karl-
sruhe — 2Quantum Device Physics Laboratory, Department of Mi-
crotechnology and Nanoscience, MC2, Chalmers University of Tech-
nology, S-41296 Goteborg, Sweden

Superconducting systems including Josephson junctions (JJs) are good
candidates for studying a macroscopic quantum variable if the system

is suitably decoupled from its environment.

We investigate the behavior of this macroscopic quantum variable
¢ in circuits containing a JJ, a capacitor and an inductance. It was
shown that ¢ should be confined by a 2-dimensional potential, leading
to two energy scales for the quantum levels in the potential wells.

We designed and fabricated such LC-JJ systems with different induc-
tance values, investigated their quantum dynamics and compared the
results to the theoretical expectations. The samples were fabricated
in Karlsruhe by a thoroughly optimized Nb/AlO, /Nb process employ-
ing electron beam lithography. Afterwards, we explored the quantum
mechanical energy levels and the tunnelling rates of our samples in a
carefully shielded dilution refrigerator in Goéteborg.

Our results are in very good agreement with the theoretical predic-
tions. We achieve the quantum regime for our samples and can clearly
identify the predicted energy level splittings in our experimental spec-
troscopy data.

TT 10.9 Mon 16:15 HSZ 105
Conductance of an array of Josephson junctions in the in-
sulating state — eSERGEY SyZRANOV!, KONSTANTIN EFETOV!, and
BORIS ALTSHULER? — lTheoretische Physik III, Ruhr-Universitit
Bochum, 44801 Bochum, Germany — 2Physics Department, Columbia
University, New York, N.Y. 10027, USA

We study transport in weakly disordered two-dimensional arrays of
Josephson junctions in the Coulomb blockade regime. We calculate
the conductance of the system at low temperatures and show that it
has an activation behaviour with the activation gap close to the charg-
ing energy of a single Cooper pair on a superconducting island between
the junctions. While a disordered array has a finite conductivity, the
conductance of an ideally regular array is independent of its size. The
possibility of a new “superinsulating” state is discussed.



