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The Role of BCS Coherence Factors and Meissner Screening in Transverse
Phonon Scattering Near the Superconducting Transition in Aluminium.

K. Fossheimba, N.T. Opheimc, H. Bratsbergc

aDepartment of Physics,Norwegian University of Science and Technology, Trondheim, Norway.
bNational High Magnetic Field Laboratory, Tallahassee, Florida.
cDepartment of Physics, University of Oslo, Oslo, Norway.

The theory for scattering of transversely polarised phonons, where BCS coherence factors are
a dominant feature very nearTc, was examined. The theory was tested in a study of the atten-
uation of transverse ultrasound in the 150-300 MHz range near the superconducting transition
in aluminium where a precipitous drop was observed over a few millikelvin just belowTc. This
phenomenon was studied with sub-millikelvin resolution. Contrary to NMR relaxation, excellent
agreement with BCS theory was found .

21EP1

Modulation of I-V Curves of Nb Single and Double Junctions by 2D Scan of
Magnetic Field

Akiyoshi Nakayama, Susumu Abe, Tomoko Shoji, Ryota Aoki, Norimichi Watanabe

Faculty of Engineering, Kanagawa University, 3-27-1 Rokkakubashi, kanagawa-ku, 221-8686, Japan

Josephson current of superconducting junction can be modulated by an external magnetic field.
From this modulation pattern of the Josephson current, uniformity of the tunnel barrier can
be confirmed. The modulation of the Josephson current Ic of the superconducting junctions
is usually observed by one-dimensional scan of the applied magnetic field. In this paper, us-
ing two pairs of the Helmholz coils, the external magnetic field H is scanned in two dimen-
sions and the two-dimensional surfaces of the Ic-H dependence are first measured. In this re-
search, we measure the modulation of the DC Josephson currents of Nb/AlOx/Nb junctions and
Nb/AlOx/Nb/AlOx/Nb junctions by two dimensional scan of the external magnetic field.

21EP2
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21EP3 Electrical properties of a quasi-one-dimensional Nb3Te4 inserted with Indium

Okamoto Hiroyukia, Konno Takuyab, Muramoto Gousukeb, Itou Yoshiakib, Sonobe Yuusukeb,
Mamada Iorib, Kaneko Hiroshib, Ishihara Yutakab

aSchool of Health Sciences, Faculty of Medicine, Kanazawa University, Kanazawa 920-0942, Japan
bDepertment of Physics, Faculty of Science, Kanazawa University, Kanazawa 920-1192, Japan

The electrical resistivity of Nb3Te4 inserted with indium were measured in the temperature range
from 0.5 to 300K. The superconducting transition temperature is enhanced from 1.8 to 3.3K by
addition of In. The coherence lengths parallel to the c axis increase with increasing In concen-
tration. We discuss the superconducting property of InXNb3Te4.

21EP4 Anisotropic Electronic Structure and Orbital Analysis of Borocarbides

Stefan-Ludwig Drechslera, Ingo Opahlea, Sergey Shulgaa, Helmut Eschriga, Günter Fuchsa,
Karl-H. Müllera, Wolfgang L̈osera, Holger Bitterlicha, Günther Behra, Helge Rosnerb

aInstitute f̈ur Festk̈orper- und Werkstofforschung Dresden, P.O. Box 270116, D-01171 Dresden, Germany
bUniversity of California, Davis, CA, 95616, USA

The anisotropy of the Fermi velocities and the orbital character of various parts of the Fermi
surface of rare earth (R) transition metalRT2B2C (T=Ni,Pd,Pt,..) are investigated by full potential
relativistic band structure calculations. Their relationship to the anisotropy of the upper critical
field and the coexistence of magnetism and superconductivity is discussed in the framework of
multiband Eliashberg theory. Consequences for the puzzles of the Tc vs. density of states relation
and the boron isotope effect are considered.

21EP5 Anomaly of Quasi-Particle Density of States in the Vortex State ofNbSe2

T. Hanaguri, A. Koizumi, K. Takaki, M. Nohara, H. Takagi, K. Kitazawa

Department of Advanced Materials Science, University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo
113-0033, Japan

Magnetic fieldH dependence of the electronic specific heat coefficientγ was measured in various
NbSe2 crystals. In the sample with residual resistivity ratio of 100,γ(H) is proportional to√

H. This is quite different from conventionalγ ∝ H behavior and rather similar toγ(H) of
superconductors with gap nodes, while the superconducting gap inNbSe2 does not have nodes.
From measurements on the sample containing columnar defects, we found that theγ anomaly
is brought by quasi particles (QP’s) outside of vortex cores. This result suggests that excess
QP’s are generated by Doppler energy shift caused by supercurrent around vortices. InNbSe2,
Doppler energy shift may exceed the non-zero minimum superconducting gap because of the
anisotropy in the Fermi velocity and/or the superconducting gap.
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Electronic State ofNbSe2 investigated by STM/STS

K. Iwayaa, T. Hanagurib, A. Koizumib, K. Takakib, A. Maedaa, K. Kitazawab

aDepartment of Basic Science, University of Tokyo, 3-8-1 Komaba, Meguro-ku, Tokyo 153-8902, Japan
bDepartment of Advanced Materials Science, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo
113-0033, Japan

Scannning tunneling microscopy/spectroscopy (STM/STS) and resistivity measurements were
performed onNbSe2 single crystals in which superconductivity and charge-density wave (CDW)
coexist. We found a close correlation between residual resistivity ratio (RRR) and the resistive
anomaly at the CDW transition, namely, RRR increases if the resistive anomaly becomes clearer.
Topographic images at 4.5 K show 3×3 CDW superposed on atomic corrugations. Number of
CDW domain boundary increases with decreasing RRR, while the CDW image and the tunneling
spectrum within each domain are almost independent of RRR. These results suggest that CDW
domain boundary works as carrier scatterer.

21EP6

Superconducting Droplets: Nonlocal Conductance, Ballistic Effects and
Re-entrant Superconductivity in Mesoscopic Amorphous Superconductors near
the Critical Field

I.V. Grigorievaa, A.K. Geima, S.V. Dubonosa, K.S. Novoselova, P. Kesb

aDepartment of Physics, University of Manchester, M13 9PL, Manchester, UK
bKamerlingh Onnes Laboratory, University of Leiden, 2300 RA Leiden, The Netherlands

We have studied magnetoresistance of short amorphous MoGe wires with all sizes down to
50 nm. Close to the superconducting transition, we have found multiple re-entries of the zero-
resistance state over extended field intervals. This re-entrant behaviour is accompanied by strik-
ing long-range nonlocal effects, which provide direct evidence for the existence of a mixed state
near the critical field, comprising normal and superconducting regions. We explain the results
by the presence of submicron superconducting droplets, which are induced by quantum electron
interference inside a disordered normal-metal matrix.

21EP7

Transport Critical Current in Superconductor/Ferromagnet Trilayered films

Satoru Kobayashia, Yusuke Kannob, Fumitake Itohb

aSatellite Venture Business Laboratory, Gunma University, 1-5-1 Tenjin-cho, Kiryu, Gunma 376-8515,
Japan
bDepartment of Electronic Engineering, Gunma University, 1-5-1 Tenjin-cho, Kiryu, Gunma 376-8515,
Japan

We have measured the critical current density, Jc, in rf-sputtered Nb/Co trilayered films, vary-
ing the superconducting Nb thickness and the orientation of applied fields. In contrast to the
usual low-field dependence of Jc in conventional superconductors, Jc anomalously increases and
shows a maximum at a low parallel applied field, being dependent on the domain states of fer-
romagnetic layer in contact with the superconducting one. These results indicate that the stray
field of ferromagnetic layer with in-plane magnetization strongly influences the flux pinning in
the superconducting film.

21EP8
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21EP9 Quasi-One-Dimensional FFLO State in Nb/Ni Layered System

A.S. Sidorenkoa, V.I. Zdravkovb, A.A. Prepelitsab, C. Helbiga, Y. Luoc, L.R. Tagirova,
M. Schrecka, S. Gsella, S. Horna, R. Tidecksa

aInstitut für Physik, Universiẗat Augsburg, 86159 Augsburg, Germany
bInstitute of Applied Physics, 2028 Kishinev, Moldova
cI Physikalisches Institut, Universität Göttingen, 37073 G̈ottingen, Germany

Last decade superconductor/ferromagnet (S/F) layered systems were the subject of extensive
studies, searching the Fulde-Ferrell and Larkin-Ovchinnikov (FFLO) like state with spatial vari-
ations of the pair amplitude. We have prepared and investigated Nb/Ni bilayers and observed a
non-monotonic Tc(dNi) behavior with a pronounced minimum of Tc at small thickness of the
Ni layer. The role of different parameters of the S/F system, which influence the FFLO-state
induced oscillations of Tc(dNi) is discussed. This work was partially supported by INTAS grant
No. 99-00585 and RFBR grant No. 00-02-16328.

21EP10 Superconducting behaviors of Copper-Germanium alloys

Shih-ying Hsu, Jing-Yin Chen

Department of Electrophysics, National Chiao Tung University, Hsinchu 300, Taiwan

We have successfully made a series of CuxGe1−x films spanning the weakly and strongly local-
ized regimes. Several CuGe samples with 0.7≥x≥0.4 demonstrate superconducting properties
no matter in either two or three dimensions. Transition temperature Tc is about 0.4K. Upper
critical magnetic field Hc2 has been measured in these samples confirming that they are indeed
superconductors. Near the zero field Tc, Hc2 depends linealy on temperature and increases with
increasing disorder. We will present their superconducting tunneling densities of states, Hc2(T),
and superconducting fluctuated magnetoresistances at very low temperatures such as low as one
tenth of their Tc. We will discuss this observation in terms of current theoretical concept for the
disorder induced superconductivity in CuGe samples.

21EP11 Electrical Transport, Magnetic, and Structural Properties of the Vortex Lattice in
Superconducting V3Si

A.A. Gapuda, D.K. Christena, J.R. Thompsona,b, Y. Yethiraja

aOak Ridge National Laboratory, Oak Ridge, TN 37831-6061 USA
bDepartment of Physics, University of Tennessee, Knoxville, TN 37996-1200 USA

Electrical, magnetic, and structural properties of the vortex-lattice (VL) in single crystal V3Si
were studied by transport, bulk magnetometry and small-angle neutron scattering. Studies fo-
cused near the ”peak effect” in critical current density that occurs just below the upper critical
field of this weak-pinning system. History effects in transport are observed at temperatures be-
low the peak, indicating a metastable vortex array. A well-defined VL is observed at fields and
temperatures up to the low-side onset of the Jc peak, with no evidence of melting. High currents
drive the vortex array to a stable state approaching that of Bardeen-Stephen free flux flow. Details
will be presented. Research sponsored by the U.S.D.O.E.
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Spin Polarized Vacuum Tunneling from a Conventional Superconductor

E.W. Hudsona, C.E. Sosolikb, J.A. Strosciob, S.R. Blankenshipb, A.P. Feinb, R.J. Celottab

aDepartment of Physics, MIT, 77 Massachusetts Ave. 13-2114, Cambridge, MA 02139
bElectron Physics Group, NIST, Gaithersburg, MD 20899-8412

Here we report on scanning tunneling spectroscopy of the Zeeman split density of states of a
superconductor. Single crystals and MBE grown thin films of the conventional superconductor
V3Si were studied in magnetic fields up to 10 T and between temperatures of 2.3 K and 10 K.
Zero field measurements reveal an unusual asymmetry of the tunneling conductance about the
Fermi energy, with tunneling enhanced for filled with respect to empty quasi-particle states. In-
field measurements expose a clear Zeeman splitting, enhanced (15% at 2.3 K and 65% at 4.3 K)
compared to the expected2µBB splitting. This enhancement will be discussed in the context of
Fermi liquid effects.

21EP12

Vortex Matter in NbN/AlN Superconducting Multilayers

El Hadi S. Sadkiac, Zoe H. Barberab, Stephen J. Lloydb, Mark G. Blamireab,
Archie M. Campbella

aIRC in Superconductivity, University of Cambridge, Madingley Road, Cambridge CB3 0HE, UK
bDepartment of Materials Science, University of Cambridge, Pembroke Street, Cambridge CB2 3QZ, UK
cNational Institute for Materials Science, Tsukuba, Ibaraki 305-0047, JAPAN

The vortex matter (VM) in NbN/AlN multilayers (ML) is investigated by transport measure-
ments in fields applied parallel and perpendicular to the layers. The upper critical field shows a
crossover from two to three-dimensional (2D-3D) superconductivity in parallel fields. Similarly
to HTS, the irreversibility line (IL) shifts to lower temperatures with increasing anisotropy. The
resistivity of the higher anisotropy ML scales with the normal component of the field, suggest-
ing the presence of a 2D VM above the IL. The activation energy of the less anisotropic sample
scales with the number of the superconducting layers, in agreement with 3D VM. The resitivity
and IV characteristic are compared with the Bose-glass theory.

21EP13

Far-infrared Optical Conductivity of Nb Thin Films

Hajime Shibataa, Shinji Kimuraa, Satoshi Kashiwayaa, Satoshi Kohjiroa, Kunihiko Okaa,
Yoshikazu Mitsugia, Yukio Tanakab

aNational Institute of Advanced Industrial Science and Technology, Tsukuba Central 2, Tsukuba, Ibaraki
305-8568, Japan
bNagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8601, Japan

A new method to characterize the optical constants of thin films1 has been applied to Nb thin
films (Tc = 9 K) depositted on Si substrates to determine the far-infrared optical conductivity
σ(ω) at ω = 20 - 100 cm−1 andT = 4.5 - 15K. Theσ(ω) spectra in the normal state (T = 15K)
was found to be well described by the Drude model, while that in the superconducting state (T =
4.5K) was found to agrees well with the Mattis-Bardeen theory.

1H.Shibataet al. , Jpn. J. Appl. Phys. 40, 3163 (2001).

21EP14
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21EP15 Investigation of Flux Pinning Effect on Patterned Niobium Superconducting Films

C. C. Changa, T. C. Wub, J. C. Wua, Lance Hornga, P. H. Lina, T. J. Yangb

aDepartment of Physics, National Changhua University of Education, Changhua 500, Taiwan.
bDepartment of Electrophysics, National Chiao Tung University, Hsinchu 300,Taiwan.

Flux pinning effects on niobium thin film having two-dimensional square array of submicron
holes have been studied. Arrays with a variety of hole diameter and depth were first defined
into SiN-coated Si-wafer by using electron beam lithography in conjunction with reactive ion
etching. The patterned films were completed by DC sputtering of niobium film over the hole
arrays. M-H loops measured by SQUID magnetometer and magnetoresistance curves measured
by a four-probe method were used to interpret the flux pinning force as functions of hole diameter
and depth.

21EP16 Giant parametric amplification of the nonlinear response in Nb

Menachem I. Tsindlekht, Israel Felner

The Racah Institute of Physics, The Hebrew University, 91904 Jerusalem, Israel

Giant enhancement of the nonlinear response of a single crystal of Nb placed in an additional
pumping ac magnetic field has been experimentally observed. The rectified signal from Nb
(Tc = 9.15 K) has been measured as a function of temperature, dc field, the amplitude of ac field
modulation, and of the pumping level of an additional ac magnetic field. The Nb sample was
excited by an amplitude modulated ac field in the presence of an additional ac field at the double
modulation frequency. Application of an additional pumping ac field leads to giant parametric
amplification of the rectified signal. The rectified signal is about three order magnitude higher
than the amplitude of the signal without parametric pumping. The amplitude of the rectified
signal is an exponential function of the pumping amplitude at low pumping level whenH < Hc2.
Possible physical mechanisms of the observed phenomenon will be discussed.

21EP17 Nonlocality in superconducting metals: An ultra-high precision magnetic
penetration depth study

Ismardo Bonaldea, Brian D. Yanoffb, Myron B. Salamonc, Elbert E. M. Chiac

aCentro de F́ısica, IVIC, Apartado 21874, Caracas 1020-A, Venezuela
bGeneral Electric, Schenectady, NY, USA
cPhysics Dept., University of Illinois at Urbana-Champaign, 1110 W. Green St., Urbana, IL 61801, USA

In previous reports the temperature dependence of the penetration depthλ(T ) in Al, the classic
reference of nonlocal superconductors, has been found to be in disagreement with the expected
behavior from the nonlocal BCS theory. Instead, in these studiesλ(T ) was close to the local BCS
prediction. Here we present high-precision measurements ofλ(T ) in Al, Cd, and Zn down to 30
mK, which are in excellent agreement with the prediction of the nonlocal BCS electrodynamics
without using adjustable parameters.
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Effect of granularity on the insulator-superconductor transition in ultrathin Bi
films

N Chandrasekhar, G Sambandamurthy, K Das Gupta, Swati S Soman

Department of Physics, Indian Institute Science, Bangalore 560 012, INDIA

At the insulator-superconductor transition (IST), the localization length is much higher than the
superconducting coherence length, contrary to expectation for a “homogeneous” transition. This
suggests the invalidity of a purely fermionic model for the transition. We also find that the
Josephson coupling energies (EJ ) and the charging energies (Ec) obey the relationEJ < Ec.
This is again contrary to expectation, for the IST in a granular or inhomogeneous, system. Hence,
a purely bosonic picture of the transition is also inconsistent with our observations. We discuss
the implications.

21EP18

3D-2D-Like Transition Above Bc2 in Niobium Films

Alexey V. Pana, Roland Ḧohneb, Pablo Esquinazib

aDepartment of Superconductivity, Institute for Metal Physics, 36 Vernadsky blvd., 03142 Kiev, Ukraine
bDepartment of Superconductivity and Magnetism, Institute for Experimental Physics II, University of
Leipzig, Linńestraße 5, 04103 Leipzig, Germany

Isotropic superconducting Nb-films thicker than the penetration depth appear to exhibit a mag-
netically anisotropic structure within the magnetic field rangeBc2 ≤ Ba ≤ Bc3, whereBa is the
applied field. The anisotropic structure of the films consists of three layers: two superconduct-
ing surface layers and normal layer in between. Upon tilting the field with respect to the film
surface, the magnetic behavior of vortices existing at these fields is found to be compatible with
a 3D-2D-like dimensional crossover. Surface vortices residing on each of both film surfaces are
coupled at fields almost parallel to the surface (3D), and decoupled at larger angles (2D) within
the surface superconductivity state.

21EP19

Josephson Junction Arrays on the Basis of Superconducting PtSi Films

Tatyana I. Baturinaa, D.W. Horsellb, D.R. Islamovc, I.V. Drebushchakc, Yu.A. Tsaplinc,
A.A. Babenkoc, Z.D. Kvona, A.K. Savchenkob, A.E. Plotnikova

aInstitute of Semiconductor Physics, 13 Lavrentjev Ave., 630090, Novosibirsk, Russia
bSchool of Physics, University of Exeter, Stocker Road, Exeter, EX4 4QL, U.K.
cPhysics Department, Novosibirsk State University, 2 Pirogova str., 630090, Novosibirsk, Russia

We present low-temperature transport measurements on Josephson junction arrays fabricated on
the basis of superconducting polycrystalline PtSi films of thickness 6 nm. To fabricate a two
dimensional array of superconductor–normal-metal–superconductor Josephson weak links, we
patterned a square lattice of holes with a period of 600 nm by means of electron lithography and
subsequent plasma etching. A periodic variation of the resistance of these arrays with a period
corresponding to the magnetic flux quantum per unit cell, including a secondary minimum at the
half-quantum points, has been observed.

21EP20
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21EP21 Observation of Insulator-Superconductor transition on solid inert gas and other
substrates

N Chandrasekhar, K Das Gupta, G Sambandamurthy, Swati S Soman

Department of Physics, Indian Institute Science, Bangalore 560 012, INDIA

Observations of the insulator-superconductor transition in amorphous ultrathin films of Bi de-
posited on solid xenon are presented. The resistance separatrix is found to be close toh/4e2 and
the crossover thickness close to25 Å for all substrates.I − V studies and Aslamazov-Larkin
analyses indicate superconductivity is inhomogeneous. Screening effects are observed, with the
transition temperature increasing as the relative permeability of the substrate is increased, by
studying films on quartz and Ge. The resistance separatrix that defines the transition remains
unaffected. These results may be qualitatively understood in terms of a percolation type model.

21EP22 Superconducting Properties of 3-Dimensional Indium Wireframe in Opal
Structure

Dmitri V. Shamshura, Sergey G. Romanovb, Anton V. Chernyaeva, Alexander V. Fokina

aLow Temperature Laboratory, Ioffe Physicotechnical Institute of RAS, 194021 St. Petersburg, Russia
bInstitute of Materials Science, University of Wuppertal, 42097 Wuppertal, Germany

Artificial opal is a face centered cubic package of identical silica spheres with empty interstitials,
which are available for infilling with In to form ensemble of nanograins with continuous bridges
connecting adjacent nanoparticles. With the decrease of the cross-section of In component from
40 to 10 nm in the metal-dielectric nanocomposite the increase of the superconducting transition
temperature (up to 4.2K) and the upper critical magnetic field (up to few tens of the bulk In value)
were found out. The hysteresis of entry/exit magnetic field to/from In-opal has been observed
and explained, tentatively, by the peculiarity of the magnetic flux dynamics in the lattice of In
grains. RFFI 02-02-17685a.

21EP23 Microscopic study of low-κ type-II superconductors

Predrag Miranovic, Noriyuki Nakai, Masanori Ichioka, Kazushige Machida

Department of Physics, Okayama University, 700-8530 Okayama, Japan

Thermodynamics and vortex lattices of low-κ type-II superconductors are studied numerically
within the Eilenberger equations of superconductivity. Below some critical valueκc(T ) of the
parameterκ = λ/ξ, there is a first order transition atHc1 (type-IIa superconductivity) as a
consequence of attractive vortex-vortex interaction. Forκ > κc phase transition is of the second
order (type-IIb superconductivity). Phase boundaryκc(T ) that separates type-IIa and type-IIb
superconductivity has been calculated.
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Superconducting Behavior of a Square Microhole Lattice on Pb Film

Shin’ichiro Nakata, Takekazu Ishida

Department of Physics and Electronics, Osaka Prefecture University, Sakai, Osaka 599-8531, Japan

The square microhole lattice on a Pb film has been prepared by evaporating a type-I superconduc-
tor Pb on a copper micromesh sieve with a 16.9-µm pitch. This corresponds to a matching field
HΦ of 72.5 mG. The sample magnetization has been examined by a SQUID magnetometer under
a small field regime. We observe the matching peak, the step-wise change, and the enhanced hys-
teresis atH = nHΦ in the sample magnetization. A particular feature is the anomalous matching
effect atT=7.23 K. The matching peak has the same polarity against the field reversal. This can-
not be understood in terms of the extended Little-Parks effect. We interpret that this arises from
an attractive vortex interaction between the vortices for a low-κ (∼ 0.46) superconductor. The
magnetization of a polarized vortex domain caused by the attractive interaction may be dominant
compared to the induced superconducting diamagnetism.

21EP24

Josephson effect in superconducting junctions with different types of magnetic
barrier between the superconductors

Alexander V. Zaitsev

Institute of Radio Engineering and Electronics, RAS, 103907 Moscow, Russia

Microscopic theory of Josephson effect in S-MB-S junctions (S denotes bulk superconductor,
MB - magnetic barrier) with different types of MB is presented. The junctions with MB created
by uniformly polarized ferromagnetic metal (F) or insulator-layer and also with MB created by
FNF or FIF structures (N being the normal metal, I is the insulating layer) for arbitrary mutual
orientation of the exchange field in the F layers are investigated. The conditions of the realiza-
tion of π type of junctions are studied. The cases of ballistic and diffusive electron transport
are investigated. For ballistic case the Andreev bound states are found and conditions of their
existence for arbitrary pair-breaking effect in the S electrodes are studied.

21EP25

Temperature Dependence of the Upper-Critical Field of Superconducting Thin
Films

Minoru Takeda, Kazu Nishigaki

Kobe University of Mercantile Marine, Higashinada-ku, Kobe 658-0022, Japan

We have measured the upper-critical field, Bc2, of superconducting Nb-Ti thin films, varying the
temperature of the films in the perpendicular magnetic field. The thicknesses of the samples were
26 nm and 35 nm, and also their critical temperatures, Tc, were 5.88 K and 6.87 K respectively.
As a result of this experiment, the values of slope dBc2/dT near Tc were -3.6 T/K for 26-nm-thick
film and -3.4 T/K for 35-nm-thick film; these values were about twice that of Pauli limit. Zero-
temperature upper-critical fields, which were estimated by extraporating Bc2 values to absolute
zero, were 10.4 T and 12.2 T for the film with a thickness of 26 nm and 35 nm respectively; these
values were less than that of bulk sample. The influence of film thickness on the upper-critical
field of the superconducting thin films was discussed.

21EP26
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21EP27 Estimation of the Josephson Critical Current of a Single Grain: Percolation
Model of the Resistive Transition

Leonid Burlachkov, Emma Mogilko, Yehuda Schlesinger, Yakov Strelniker, Shlomo Havlin

Department of Physics, Bar-Ilan University, Ramat-Gan 52900, Israel

The granular HTS is treated as a S-N mixture. Experimental data are used to determine the per-
colation thresholdf0 (the volume fraction of superconducting grains at zero resistance) andfp

(corresponding to the appearance of the first spanning superconducting cluster). The latter con-
sists of percolating channels, each carrying the Josephson critical currentJweak. We demonstrate
that, knowingf0 andfp as well as the morphology and orientation of the grains, one can derive
realistic estimates ofJweak. This is realized by assuming a parallel resistive combination, one
resistor being the spanning superconducting cluster, the other the nonspanning network. The for-
mer is treated as a percolation problem while the later is described within the effective-medium
theory.

21EP28 Critical currents of strongly disordered ultra-thin superconducting films

Swati S. Soman, K. Das Gupta, N. Chandrasekhar

Department of Physics, Indian Institute of Science, Bangalore 560012, India.

Quench-condensed films of various metals are well known systems for studying the supercon-
ducting state in presence of strong disorder. Critical currents of superconducting films ofBi and
Snwith sheet resistances< 500Ω were found to vary with temperature according to the relation
Ic(T ) = Ic(0)(1− ( T

Tc
)4). The result was found to be independent of the substrate used. The

observed dependence implies a variation of the superconducting gap∆(T ) ∼
√

1− ( T
Tc

)4, near

Tc. This is different from the behaviour of a BCS type gap nearTc but consistent with some
existing measurements on fabricated 2-D Josephson junction arrays. TheI − V characterisitics
of these films also show hysteresis, indicating the presence of underdamped intergrain Josephson
coupling. The values of the intergrain resistances and capacitances are estimated from the ratios
of the observed retrapping and critical currents.

21EP29 Magnetoresistance Sign Change in Type-II Superconductors

Igor L. Maksimov, V.V. Zaskalko, D.Yu. Vodolazov

Nizhny Novgorod University, Nizhny Novgorod 603600, Russia

Resistive characteristics of pin-free superconductors with an edge barrier are studied. A model
system representing an infinitely long strip of finite width W and thicknessd ¿ W is employed.
The numerical solution of the Maxwell-London equation derived in the hydrodynamic approach
makes it possible to calculate both the voltage-current characteristics and magnetoresistance
(MR) R(H). It is revealed that positive MR behavior(dR/dH > 0) actual within sufficiently
low current rangeI < I∗ (I∗ being the crossover current), changes the sign :dR/dH < 0 at
I > I∗. This is due to asymmetry of the vortex distribution generated by the external magnetic
field.
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Proximity Effects in Nb-Cu Samples with Ultrafine Structure

A. S. Ivanova, V. S. Kruglova, G. L. Dorofeeva, I. F. Voloshinb

aRRC ”Kurchatov Institute”, Moscow 123182, Russia
bAll-Russian Electrical Engineering Institute, Moscow 111250, Russia

We have studied a proximity effect in samples prepared at extremely different cooling rates of
liquid NbCu alloys and composed of nano- (20–30 nm) or microparticles of Nb in an almost
Cu matrix. The critical temperature of rapidly cooled alloys is renormalized significantly in
agreement with the theory of a proximity effect in superconducting properties of ultrafine Nb
particles in a normal metal. These samples demonstrate a considerable super current at an initial
Nb concentration down to about 10% and the electrical resistivity retains features of a flux flow
regime in an abnormally wide range of an external magnetic field starting at the thermodynamic
one of Nb.

21EP30

Oscillations of the superconducting critical current in Nb-Cu-Ni-Cu-Nb junctions

Yuval Bluma, Alexander Tsukernikb, Michael Karpovskia, Alexander Palevskia

aSchool of Physics and Astronomy, Tel Aviv University, Tel Aviv 69978, Israel
bNanoscience and Nanotechnology Project, Tel Aviv University, Tel Aviv 69978, Israel

We report on experimental studies of critical current in Nb-Cu-Ni-Cu-Nb layered structures. The
thickness of ferromagnetic Ni was varied from 10Å to 90Å, whereas, the rest of the parameters
of the junction were kept constant. Strong oscillations of the critical supercurrent were observed
with the thickness variation of Ni. Although such behavior has been predicted theoretically for
long time, to the best of our knowledge, this is the first experimental evidence of this effect.
Using known microscopic parameters of Ni, we found reasonable agreement between the period
of oscillations and the decay of the measured critical current, and theoretical calculations.

21EP31

Vortex States at Low Temperature and Disorder in Thicka-MoxSi1−x Films

S. Okuma, S. Togo

Research Center for Low Temperature Physics, Tokyo Institute of Technology, 2-12-1 Ohokayama,
Meguro-ku, Tokyo 152-8551, Japan

In order to study the roles of disorder on the vortex phase diagram at low temperatureT , we have
measured the dc and ac complex resistivities for thick amorphous MoxSi1−x films with various
normal-state resistivities. For all the films studied, we can precisely determine the vortex-glass-
transition lineBg(T ), which persists down to low enoughT up to high fields nearBc2(0), where
Bc2(0) is an upper critical field atT = 0. The finite quantum-vortex-liquid (QVL) phase atT =
0, Bg(0) < B < Bc2(0), is commonly observed. The relative width of theT = 0 QVL phase,
[Bc2(0)−Bg(0)] /Bc2(0), is wider for more disordered films. This is consistent with the notion
that the QVL phase is driven by strong quantum fluctuations, which are enhanced with increasing
disorder.

21EP32

11



Session 21EP Wednesday, August 21

21EP33 Theoretical Study of Phase Transition in Type II Superconductors with Pauli
Paramagnetic Effect in High Magnetic Fields

Hiroto Adachi, Ryusuke Ikeda

Department of Physics, Kyoto University, Kyoto 606-8502, Japan

TheH-T phase diagram of bulk type II superconductors with paramagnetic pair-breaking effect
is studied using the Ginzburg-Landau model with a negative quartic term1 but beyond the mean
field approximation (MFA). Although MFA predicts a first order transition atHc2, the presence
of this MFA transition needs to be tested theoretically by including fluctuation effects because,
as is well known, the ordinary second order transition atHc2 in MFA is lost by the fluctuation.
Results of an analytic calculation and a Monte Carlo simulation in the lowest Landau level will
be reported.

1K. Maki, Phys. Rev. 148, 362 (1966); M. Houzet and A. Buzdin, Phys. Rev. B 63, 184521 (2001)

21EP34 Pinning Properties and AC Susceptibilities in Superconducting Pb-Bi Alloys

Akitoshi Matsuda

Information Systems Center, Kyushu Matsushita Electric Co.,Ltd, 4-1-62 Minoshima Hakata-ku,
Fukuoka 812-8531, Japan

The relation between the irreversibility line and the pinning mechanism has not been clarified
quantitatively. However, it is difficult to control the pinning strength in high-temperature oxide
superconductors. The pinning strengths of the superconducting Pb-Bi alloys can be controlled
easily by varying the Bi content. The magnetic relaxation and irreversibility field were studied
for superconducting Pb-Bi alloys with different pinning strength. For a detailed investigation of
flux creep phenomena in some specimens, we have also observed the flux creep rates. In this
paper, we will try to investigate systematically the pinning properties and the fluxoid reversible
motion in superconducting Pb-Bi alloys and to clarify the relation among the large decay of
critical current density, the AC susceptibilities and pinning potential.

21EP35 Anomalous Magnetoresistance below the 2D Superconductor-Insulator Transition

M. Morita, S. Okuma

Research Center for Low Temperature Physics, Tokyo Institute of Technology, 2-12-1, Ohokayama,
Meguro-ku, Tokyo 152-8551, Japan

We study transport properties of disordered thin (4 nm) amorphous MoxSi1−x films. With in-
creasing fieldB at zero temperature, a transition from a superconducting to insulating phase takes
place at a certain fieldBc. The metallic quantum-vortex-liquid phase belowBc is not observed.
Instead, we observe an anomalous peak in the magnetoresistanceR(B) at lowB. R(B) starts to
rise fromB = 0 and takes a small peak with large noise; it then falls to the resistance nearR = 0
belowBc. The peak is not observed in parallel fields, indicating that the origin is due to vortices.
The peak is no longer visible in thick (100 nm) films, suggesting that two dimensionality (2D)
plays a role in the appearance of the anomalous peak.
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Influence of a saturated helium-II film on a constant temperature detector

Charles D.H. Williams

School of Physics, University of Exeter, Exeter EX4 4QL, U.K.

Superconducting transition edge bolometers are senstive, but nonlinear, energy detectors and
are widely used in low-temperature experiments. This paper discusses their application as a
time-resolved helium atom beam detector. Measurements show that, even when the device is
operated in constant temperature mode, the saturated superfluid helium film dramatically affects
the responsivity of the system. An electro-thermal model that describes the observed responsivity
to atom pulses under various conditions is presented.

21EP36

A Scanning SQUID Microscope for Room Temperature Samples

Yusheng He, Hongsheng Ding, Xiaoming Yan, Fenghui Zhang, Genghua Chen, Duo Jin

Institute of Physics, C.A.S., Beijing 100080, P.R. China

Scanning SQUID microscope based on both niobium and HTS junctiondc SQUIDs has been
developed. The SQUIDs are mounted inside the insulation vacuum of a specially designed he-
lium dewar. A sapphire window with thickness of 60µm separates the SQUIDs from the room
temperate sample. The stand-off distance between SQUID and the sample can be as low as
80µm, which is adjusted by a moving mechanism. The spatial resolution of the microscope is
about 100-150µm and the magnetic field sensitivity is on the order of 10pT/

√
Hz. The SQUID

sensor is read out using conventionaldc SQUID electronics. A computer controlledx-y stage
scans the sample below the microscope. Magnetic images of magnetic storage media, ferromag-
netic and paramagnetic inclusions in geological and biological samples are being studied with
the microscope. Nondestructive testing of different materials are also being performed.

21EP38

Noise Properties of Serial SQUID Array Amplifiers for Transition Edge Sensor

Toshimitsu Morooka, Keiichi Tanaka, Atsushi Nagata, Satoshi Nakayama, Kazuo Chinone

Seiko Instruments Inc., 563 Takatsuka-shinden, Matsudo-shi, Chiba 270-2222, Japan

We report on the noise properties of serial SQUID (Superconducting Quantum Interference De-
vice) arrays, which consist of many DC-SQUIDs connected in series. We have developed SQUID
current amplifier for TES (Transition Edge Sensor) microcalorimeter with high current resolution
of 10 pA/Hz0.5 and large dynamic range of 60 dB. The use of the serial SQUID arrays for the
current amplifier is effective in improving the current resolution without degrading the dynamic
range. We have fabricated some serial SQUID arrays changing the number of DC-SQUIDs, and
measured the noise.

21EP39
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