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Dear colleagues,

I am proud to present the 2011 collection of highlights chosen  
by the Editorial Board to provide some of the high-quality research 
published in Superconductor Science and Technology (SUST), 
available both in this attractive booklet and online  
(iopscience.org/sust/Highlights of 2011).  
 
With a dedicated Editorial team and Board, SUST offers high impact, 
high visibility and fast publication times with a fair and thorough 
peer-review process. It really is the number one journal specialising 
in superconductivity and its applications. Our mission is to continue 
pushing up the editorial standards and showcase the highest-quality 
work in the field. We believe that publishing high-quality research 
papers and reviews from the field benefits not only the journal but 
also the community at large, and I encourage all young scientists to 
support the journal by submitting your research to SUST.  
 
With many thanks to all the authors, referees, Board members and 
collaborators that have contributed to the success of the journal.  
 
Enjoy reading this collection. 

Impact Factor
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Journal scope
Superconductor Science and Technology is the leading international multidisciplinary journal for papers on all 
aspects of superconductivity.

Article types  
Papers are high quality and internationally competitive regular papers reporting original research in superconductivity 
and its application.

Rapid communications report very substantial new advances in superconductivity and its application.

Topical reviews provide an overview of the state of the field and are commissioned by the Editorial Board.

Subject coverage  
Below is a list of subject areas welcomed by Superconductor Science and Technology. It is by no means 
comprehensive and the journal welcomes papers from other areas of superconductivity.

IOP Publishing provides publications through which leading-edge scientific research is distributed worldwide. Since launch we have expanded rapidly to 
become one of the leading international STM publishers. We have a global reach, with offices in Philadelphia, Washington DC, Mexico City, Munich, Moscow, 
St. Petersburg, Wroclaw, Beijing and Tokyo, as well as Bristol and London in the UK.

IOPscience is IOP Publishing’s electronic platform providing access to more than 130 years of leading scientific research and hosting over 350,000 articles 
dating from 1874 to the present day. For authors, IOPscience provides a compelling opportunity to publish work that will achieve visibility and status amongst 
the scientific community. 

IOP Publishing is central to the Institute of Physics, which was established in 1874. The Institute of Physics is a not-for-profit society and any surplus from  
IOP Publishing goes to support science through the activities of the Institute. Physics is an international endeavour and the Institute aims to promote and 
support physics in furthering scientific knowledge and providing economic and social benefits both in the UK and Ireland and internationally especially in  
the developing world.

contact details
IOP Publishing, Temple Circus, Temple Way, Bristol BS1 6BE, tel +44 (0)117 929 7481,  fax +44 (0)117 929 4318
E-mail sust@iop.org   Web iopscience.org/sust

about Iop publishing

Materials and Basic Properties including: 
•  cuprates, MgB2, pnictides, chalcogenides and  

other superconducting materials

• new superconducting materials

• bulk materials and single crystals

•   thin films, multilayers and low dimensional  
structures

•   theoretical aspects (including theories of HTS)  
and simulation

•  the effects of material synthesis, doping and 
microstructure on superconducting properties

•  the effects of disorder, pressure and irradiation on 
superconducting properties

• proximity effects and Andreev reflection

• transport properties

Wires and Tapes including: 
•  coated conductors including second generation  

wires

• Bi-2212 and Bi-2223

• MgB2

• AC losses and stability

•  low Tc conductors including A-15 conductors

Small-Scale Devices and Electronics including: 
•  Josephson junctions and SQUIDs (including arrays)— 

fabrication and characterization

• nanoSQUID and SQUID microscopy

• SN and SNS junctions

• quantum computing including control circuitry

• digital electronics

• superconduction detectors including infrared, 

• submillimeter, millimeter, optical, x-ray and γ-ray 

• detectors (SIS, NIS, transition edge)

• superconducting nanowire single photon detectors

• microwave devices

• bioapplications including ULF-NMR/MRI

• novel devices

Large-Scale Applications including: 
• motors and generators

• bearings and flywheels

•  superconducting fault current limiters and transformers

• accelerator magnets and undulators

• SRF cavities

•   magnets and magnet technology including fusion 
technology, energy storage

• power cables

• levitation and transportation



The first step in this project has provided the functionality for you to view new articles on IOPscience as an HTML page. Many new 
features are available, such as being able to zoom in and out of images and viewing video abstracts. MathJax technology has been 
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Journal of Physics: Condensed Matter was the first IOP Publishing journal to benefit from this enhanced functionality, along with 
Journal of Physics A: Mathematical and Theoretical. All other IOP-owned and selected partner journals will adopt the new article 
view and features for their 2012 volumes.

Find out more at articleevolution.org.

Article evolution is a new and ongoing project, which improves the online delivery of 
research articles on IOPscience, enabling you to interact with research in new ways.

Figure browser
The image browser tab enables you to quickly 
browse and move to all of the fi gures within the 
article.

Share links
A set of links next to the article title enables you to export article details to 
a variety of popular social networking and bookmarking sites.

MathJax
Following our sponsorship of the MathJax project, 
you can use MathJax to render mathematics within 
an article, improving its readability on the screen.

Mobile view
Along with the new desktop article view, a mobile 
view of the article is also available.

Improved export option
You can export content so that you can refer back 
to it easily at a later date.

References and citations
Tabs are attached on the left side of the article to give 
you instant access to reference and citation lists.

Image tools — zoom and export for PowerPoint
You can zoom in and out of an image to study complex structures. You can 
also export fi gures to PowerPoint slides for use in presentations.

Article navigator
This contains the article contents list, which provides 
you with a list of articles that users have also read, a 
list of related review articles and other useful weblinks.
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rapid communications  

perspectives
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Celebrating 100 years of superconductivity 
 

To celebrate 100 years of superconductivity in 2011,  
IOP Publishing produced a collection of the 100 best 
superconductivity articles from five journals: 
 

• Superconductor Science and Technology 
• Journal of Physics: Condensed Matter 
• New Journal of Physics 
• EPL 
• Physica Scripta 
 
The collection includes articles on the newly discovered iron-based 
superconductors and a selection of articles by Nobel prize Laureates. 

Visit iopscience.org/centenary to read the articles that reflect the current  
dynamic nature of the superconductivity field.
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Indications of superconductivity in doped 
highly oriented pyrolytic graphite  

Grover Larkins and Yuriy Vlasov 

Department of Electrical and Computer Engineering, Florida International University, 
Miami, FL 33174, USA  

2011 Supercond. Sci. Technol. 24 092001

abstract
We have observed possible superconductivity using standard resistance 
versus temperature techniques in phosphorous ion implanted highly 
oriented pyrolytic graphite. The onset appears to be above 100 K and 
quenching by an applied magnetic field has been observed. The four initial 
boron implanted samples showed no signs of becoming superconductive 
whereas all four initial and eight subsequent samples that were implanted 
with phosphorous showed at least some sign of the existence of small 
amounts of the electron donors present and the amount of damage done to 
the graphene sub-layers in the highly oriented pyrolytic graphite samples. 
As a result the data appears to suggest that the potential for far higher onset 
temperatures in undamaged doped graphite exists. 

rapid communications

Diffraction patterns of K0.8Fe1.6Se2 showing temperature evolution of spots due to superstructures 
around the beam center at five selected temperatures. The first set of superlattice peaks  
(√5 x √5) are marked with open circles and the second set of weak superstructure peaks   
(√2 x √2) are marked by squares.

Resistance versus temperature measurement of phosphorus doped highly oriented pyroltyic 
graphite samples 005 in the presence of magnetic field from 0 to 1 T. 

Intrinsic phase separation in superconducting 
K0.8Fe1.6Se2 (Tc = 31.8 K) single crystals   

Alessandro Ricci1, Nicola Poccia1, Boby Joseph1, Gianmichele Arrighetti2,  
Luisa Barba2, Jasper Plaisier3, Gaetano Campi4, Yoshikazu Mizuguchi5,  
Hiroyuki Takeya5, Yoshihiko Takano5, Naurang Lal Saini1 and Antonio Bianconi1 
1  Department of Physics, Sapienza University of Rome, Piazzale Aldo Moro 2, 00185, 
Rome, Italy 

2  Institute of Crystallography, National Council of Research, Elettra, 34012, Trieste, 
Italy 

3 Elettra Synchrotron Center, MCX, 34012, Trieste, Italy 
4  Institute of Crystallography, CNR, via Salaria Km 29.300, Monterotondo Roma, 
I-00015, Italy 

5 National Institute for Materials Science, 1-2-1 Sengen, Tsukuba, 305-0047, Japan 

2011 Supercond. Sci. Technol. 24 082002

abstract
Temperature dependent single-crystal x-ray diffraction (XRD) in 
transmission mode probing the bulk of the newly discovered K0.8Fe1.6Se2 
superconductor (T

c = 31.8 K) using synchrotron radiation is reported. 
A clear evidence of intrinsic phase separation at 520 K between two 
competing phases, (i) a first majority magnetic phase with a ThCr

2Si2-type 
tetragonal lattice modulated by the iron √5 × √5 vacancy ordering and 
(ii) a minority non-magnetic phase having an in-plane compressed lattice 
volume and a √2 × √2 weak superstructure, is reported. The XRD peaks 
due to the Fe vacancy  √5 × √5 ordering in the majority phase disappear 
on increasing the temperature to 580 K, well above phase separation 
temperature, confirming the order–disorder phase transition. The intrinsic 
phase separation at 520 K between a competing first magnetic phase 
and a second non-magnetic phase in the normal phase both having lattice 
superstructures (that imply different Fermi surface topology reconstructions 
and charge densities) is assigned to a lattice-electronic instability of the 
K

0.8Fe1.6Se2 system typical of a system tuned at a Lifshitz critical point of an 
electronic topological transition that gives a multigap superconductor tuned 
to a shape resonance. 

Introduction to refereeing guide
IOP Publishing’s guide has been created to assist PhD students and  
early career researchers with the refereeing process. It is also designed 
to make the peer-review process transparent to the scientific community.

Read the guide at iopscience.org/referee-guide
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Doubled critical current density in Bi-2212 
round wires by reduction of the residual 
bubble density    

J Jiang, W L Starch, M Hannion, F Kametani, U P Trociewitz, E E Hellstrom  
and D C Larbalestier 

Applied Superconductivity Center, National High Magnetic Field Laboratory, Florida 
State University, Tallahassee, FL 32310, USA  

2011 Supercond. Sci. Technol. 24 082001

abstract
We have recently shown that the gas present in the only ~70% dense 
filaments of as-drawn Bi-2212 wire agglomerates into large bubbles that fill 
the entire filament diameter during the melt phase of the heat treatment. 
Once formed, these bubbles never disappear, although they can be bridged 
by 2212 grains formed on cooling. In order to test the effect of these 
bubbles on the critical current I

c, we increased the density of the filaments 
after drawing using 2 GPa of cold isostatic pressure, finding that the bubble 
density and size were greatly reduced and that I

c could be at least doubled. 
We conclude that enhancement of the filament packing density is of great 
importance for making major I

c improvements in this very useful, round 
superconducting wire.

SEM images of transverse cross sections of Bi-2212 samples quenched from the melt. (a) and  
(c) as-received wire; (b) and (d) cold isostatic pressed wire. The round black spots are the 
bubbles, the angular dark grey particles are alkaline earth cuprate  (Sr, Ca)

14Cu24Ox, AEC, the light 
grey regions in the filaments are liquid, and the white particles are the Cu-free phase  
(Bi

9(Sr, Ca)16Ox, CF). 

Theory and experiment testing flux-line cutting 
physics     

John R Clem1,4, Marcus Weigand2, J H Durrell3 and A M Campbell3 
1  Ames Laboratory and Department of Physics and Astronomy, Iowa State University, 
Ames, IA 50011–3160, USA 

2  Department of Materials Science and Metallurgy, University of Cambridge,  
Pembroke Street, Cambridge, CB2 3QZ, UK 

3  Department of Engineering, University of Cambridge, Trumpington Street,  
Cambridge, CB2 1PZ, UK 

4 Author to whom any correspondence should be addressed   

2011 Supercond. Sci. Technol. 24 062002

abstract
We discuss predictions of five proposed theories for the critical state of 
type-II superconductors accounting for both flux cutting and flux transport 
(depinning). The theories predict different behaviours for the ratio  
Ey/Ez of the transverse and parallel components of the in-plane electric field 
produced just above the critical current of a type-II superconducting slab 
as a function of the angle of an in-plane applied magnetic field. We present 
experimental results measured using an epitaxially grown YBCO thin film 
favouring one of the five theories, i.e. the extended elliptic critical-state 
model. We conclude that when the current density J is neither parallel nor 
perpendicular to the local magnetic flux density B, both flux cutting and flux 
transport occur simultaneously when J exceeds the critical current density 
J

c, indicating an intimate relationship between flux cutting and depinning. 
We also conclude that the dynamical properties of the superconductor 
when J exceeds J

c depend in detail upon two nonlinear effective resistivities 
for flux cutting (ρ

c) and flux flow (ρf) and their ratio r = ρc/ρf.

Critical current density Jc of an epitaxially grown YBCO thin film versus the angle α0 of the in-plane 
applied field at 85 K and 1 T (inverted triangles) and 77.35 K and 8 T (open circles).

‘Rising impact factor and good 
publication speed.’

 
Prof. Paul Seidel 

Friedrich-Schiller-Universität Jena, Germany
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Intra- and inter-grain currents in coated 
conductors with arbitrary grain boundary 
properties from magnetic measurements      

R Feenstra1, J W Sinclair2, J R Thompson1,2 and D K Christen1 
1 Oak Ridge National Laboratory, Oak Ridge, TN 37831-6092, USA 
2 Department of Physics, University of Tennessee, Knoxville, TN 37996-1200, USA 

2011 Supercond. Sci. Technol. 24 062001

abstract
A generalized methodology is described for determining both the 
intragranular and through-grain-boundary critical current densities in 
practical coated conductors from contact-free magnetic hysteresis 
measurements. The model incorporates the vector nature of current density 
J within the superconducting grains and current conservation with respect to 
the grain boundaries. Using physically observed values for the grain aspect 
ratio as input, the analysis yields the low-field intragranular critical current 
density J

c
G from a single field-dependent measurement of the global Jc and 

provides a consistent description that spans the entire range from the  
weak-link (J

c/Jc
G → 0) to the single-grain (Jc/Jc

G → 1) limit. Results are given 
for ex situ processed RBCO coatings on RABiTS.

Comparison between intragrain  Jc
G for a 1.3 μm thick YBCO film on RABiTS (closed and open 

circles) and J
c for companion epitaxial films on single-crystal substrate (open triangles; up and 

down triangles refer to two different samples).

Compact GdBa2Cu3O7–δ coated conductor 
cables for electric power transmission and 
magnet applications       

D C van der Laan1,2, X F Lu1,2 and L F Goodrich2

1 Department of Physics, University of Colorado, Boulder, CO 80309, USA 
2 National Institute of Standards and Technology, Boulder, CO 80305, USA 

2011 Supercond. Sci. Technol. 24 042001

abstract
Bundling high-temperature superconductors together to form high-current 
cables is required in, for instance, power transmission and low-inductance 
magnet applications. Cabling techniques that have been applied so far 
have not resulted in compact, mechanically robust, high-current cables 
that remain flexible. Here, we demonstrate that the cabling technique 
that we have introduced only recently enables the construction of 
cables from high-temperature superconducting coated conductors that 
meet these requirements. We present details of a cable, wound from 
GdBa

2Cu3O7–δ coated conductors, that has an outer diameter of 7.5 mm 
and a critical current of about 2800 A at 76 K and self-field. The compact 
size and flexibility make the cable suitable for Navy and Air Force power 
transmission, and would allow superconducting power transmission lines 
that have been installed in the electric power grid to be reduced in diameter. 
The potential of increasing the engineering current density of the cable, 
while maintaining flexibility, makes them also suitable for high-field magnet 
applications.

A single-layer cable being bent at room 
temperature around a radius r and 
fixed to a fiberglass plate before being 
cooled to 76 K.

Each article published 
in Superconductor Science 

and Technology during 2011 
was downloaded on average 

more than 250 times 

DID YoU KNoW?‘[Superconductor Science and 
Technology] is exceptionally  
interesting and at the pulse 

beat of science.’

Dr Wilfred Goldacker 
Karlsruhe Institute of Technology, Germany
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Evidence that the reversible strain effect 
on critical current density and flux pinning 
in Bi2Sr2Ca2Cu3Ox tapes is caused entirely 
by the pressure dependence of the critical 
temperature        

D C van der Laan1,2, J F Douglas2, C C Clickner2, T C Stauffer2, L F Goodrich2  
and H J N van Eck3

1 Department of Physics, University of Colorado, Boulder, CO 80309, USA 
2 National Institute of Standards and Technology, Boulder, CO 80305, USA 
3  FOM-Institute for Plasma Physics Rijnhuizen, Association EURATOM-FOM,  
Nieuwegein, The Netherlands 

2011 Supercond. Sci. Technol. 24 032001

abstract
It is well known that the critical temperature of cuprate- and iron-based high-
temperature superconductors changes with pressure. YBa

2Cu3O7−δ coated 
conductors, as well as Bi

2Sr2CaCu2Ox and Bi2Sr2Ca2Cu3Ox tapes and wires, 
show a clear reversible effect of strain on their current-carrying capability, 
but no clear understanding about the origin of this effect has been obtained. 
For the first time, we present evidence that the pressure dependence of the 
critical temperature is entirely responsible for a reversible change in critical 
current and magnetic flux pinning in Bi

2Sr2Ca2Cu3Ox tapes with strain.

Normalized pinning force versus reduced magnetic field b = B/Birr at 65 and at 75.9 K and for 
strain values between 0% and 0.38% for a sample of type B. The equation describes the field 
dependence of the pinning force, where the powers 0.8 and 2.9 follow from the fitted data. The 
inset shows the strain dependence of B

irr  obtained from the normalized pinning force at 65 and at 
75.9 K, including the fit to the data with equation (3).

Enhanced critical fields and superconducting 
properties of pre-doped B powder-type MgB2 
strands         

M A Susner1, Y Yang1, M D Sumption1, E W Collings1, M A Rindfleisch2,  
M J Tomsic2 and J V Marzik3

1 CSMM, MSE, The Ohio State University, Columbus, OH 43210, USA 
2  Hyper Tech Research, Incorporated, 539 Industrial Mile Road, Columbus,  
OH 43228, USA 

3 Specialty Materials, Incorporated, 1449 Middlesex Street, Lowell, MA 01851, USA 
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abstract
Conventional doping methods that directly add C or a C-bearing species 
to Mg + B powder have the disadvantage of adding C inhomogeneously, 
yielding either under-reacted regions or, in some cases, secondary phases 
which may be either beneficial or detrimental. Alternatively, pre-doped B 
powder provides a more homogeneous distribution of the C dopant in MgB

2. 
In this work, powders containing varying amounts of C were used to produce 
in situ MgB

2 strands which showed high values of Bc2, Birr and transport Jc 
(10

4 A cm−2 at 13.3 T). Compared to SiC-added and malic-acid-treated 
strands the pre-doped MgB

2 showed high values of Birr primarily due to more 
efficient C substitution into the B sublattice and a concomitant increase in 
transport J

c.

Birr (100 A cm−2 criterion) as a function of nominal C doping for undoped MgB2, pre-doped 
B-based MgB

2, SiC-added MgB2 (tracer numbers 1021 and 1023) and MA-treated MgB2. The 
microstructures for each method of C doping are presented for comparison. (a) The undoped 
MgB

2 shows a porous fibrous microstructure with no discernible inhomogeneities; (b) the heavily 
pre-doped B-based MgB

2 shows some areas of B- and C-rich impurity phases indicating C 
saturation; (c) the SiC-added MgB

2 also shows B-rich agglomerations as they appear after HT and 
(d) the MA-treated MgB

2 shows B-rich regions.
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Superconducting qubits: poised for 
computing?   

I Siddiqi  

Quantum Nanoelectronics Laboratory, Department of Physics, University of  
California, 366 LeConte Hall, Berkeley, CA 94720-7300, USA  

2011 Supercond. Sci. Technol. 24 091002

abstract
Since the first demonstration of coherent oscillations a little over a decade 
ago, rapid progress in the development of superconducting qubits has 
resulted in more than a thousand fold increase in coherence times, coupled 
qubit operation, single-shot readout, and the basic demonstration of 
quantum algorithms. The operation and state-of-the art of these devices are 
reviewed. Areas of current growth are also discussed.

perspectives

Driven response of a Josephson oscillator. The amplitude of forced oscillations δmax is plotted as 
a function of the drive frequency ωd normalized to the small signal junction plasma frequency ωp. 
The different traces represent increasing drive intensity (blue to red). 

Flux cutting in superconductors    

A M Campbell  

Department of Engineering, Trumpington Street, Cambridge CB2 1PZ, UK   

2011 Supercond. Sci. Technol. 24 091001

abstract
This paper describes experiments and theories of flux cutting in 
superconductors. The use of the flux line picture in free space is discussed. 
In superconductors cutting can either be by means of flux at an angle 
to other layers of flux, as in longitudinal current experiments, or due to 
shearing of the vortex lattice as in grain boundaries in YBCO. Experiments 
on longitudinal currents can be interpreted in terms of flux rings penetrating 
axial lines. More physical models of flux cutting are discussed but all predict 
much larger flux cutting forces than are observed. Also, cutting is occurring 
at angles between vortices of about one millidegree which is hard to 
explain. The double critical state model and its developments are discussed 
in relation to experiments on crossed and rotating fields. A new experiment 
suggested by Clem gives more direct information. It shows that an elliptical 
yield surface of the critical state works well, but none of the theoretical 
proposals for determining the direction of E are universally applicable. It 
appears that, as soon as any flux flow takes place, cutting also occurs. The 
conclusion is that new theories are required. 

Flux lines round a magnetized cylinder. 

The most downloaded paper in 2011 was 
‘Alcoholic beverages induce superconductivity in FeTe1 − xSx’ 

by K Deguchi et al. The research was included in 
Prof. Jim Al-Khalili’s BBC documentary Story of Electricity.

DID YoU KNoW?



Superconductor Science and Technology

H i g h l i g h t s  2 0 1 1    15

Josephson effects in iron based 
superconductors    

Paul Seidel  

Institut für Festkörperphysik, Friedrich-Schiller-Universität Jena, Helmholtzweg 5, 
D-07743 Jena, Germany 

2011 Supercond. Sci. Technol. 24 043001

abstract
Just after the discovery of the iron based superconductors (iron pnictides) 
important differences from the conventional as well as to the high 
temperature superconducting cuprates were found. The complex band 
structure (multiple energy gaps, the unconventional symmetry of the
superconducting order parameter and the unknown nature of the 
Cooper pair coupling mechanism) results in interesting new properties 
of these materials. This review summarizes the status of theoretical and 
experimental results on Josephson effects in the iron pnictides connected 
to these unusual properties. On one hand the investigation of Josephson 
effects can be a helpful tool to determine these properties and to test 
different theoretical models, but on the other hand these properties may 
lead to new kinds of Josephson junctions and future applications.

topical review

Schematic view of an all-thin-film hybrid Josephson junction with an artificial gold barrier.
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abstract
We have studied the high-field properties of carbon-doped MgB2 thin 
films prepared by hybrid physical–chemical vapor deposition (HPCVD). 
Carbon doping was accomplished by adding carbon-containing gas, such 
as bis(methylcyclopentadienyl)magnesium and trimethylboron, into the 
hydrogen carrier gas during the deposition. In both cases, T

c drops slowly 
and residual resistivity increases considerably with carbon doping. Both 
the a and c lattice constants increase with carbon content in the films, a 
behavior different from that of bulk carbon-doped MgB

2 samples. The films 
heavily doped with trimethylboron show very high parallel H

c2 over 70 T at 
low temperatures and a large temperature derivative  –dH

c
;
2/dT near Tc. 

These behaviors are found to depend on the unique microstructure of the 
films, which consists of MgB

2 layers a few-nanometers thick separated 
by non-superconducting MgB

2C2 layers. This leads to an increase in the 
parallel H

c2 by the geometrical effect, which is in addition to the significant 
enhancement of H

c2 due to changes in the scattering rates within and 
between the two bands present in films doped using both carbon sources. 
The high H

c2 and high-field Jc(H) values observed in this work are very 
promising for the application of MgB

2 in high magnetic fields.

TEM images of the MgB2 films carbon-doped using (MeCp)2Mg source. (a) A plan-view image 
along the [0001] direction of the top surface of the film. The dark grains are crystalline MgB

2, 
and gray material in between is amorphous. (b) HRTEM image along [0001] showing two crystal 
grains and the intervening amorphous material. The inset diffractograms of the two grains show a 
30° rotation about [0001].
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Void and phase evolution during the 
processing of Bi-2212 superconducting wires 
monitored by combined fast synchrotron 
micro-tomography and x-ray diffraction      

C Scheuerlein1, M Di Michiel2, M Scheel2, J Jiang3, F Kametani3, A Malagoli3,4,  
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abstract
Recent study of the current-limiting mechanisms in Bi-2212 round wires 
has suggested that agglomeration of the residual Bi-2212 powder porosity 
into bubbles of filament-diameter size occurs on melting the Bi-2212 
filaments. These pores introduce a major obstacle to current flow, which 
greatly reduces the critical current density (J

c). Here we present an in situ 
non-destructive tomographic and diffraction study of the changes occurring 
during the heat treatment of wires and starting powder, as well as a room 
temperature study of ex situ processed wires. The in situ through-process 
study shows that the agglomeration of residual porosity is more complex 
than previously seen. Filament changes start with coalescence of the 
quasi-uniform and finely divided powder porosity into lens-shaped defects 
at about 850°C when the Bi-2201 impurity phase decomposes before 
the Bi-2212 starts to melt. These lens-shaped voids grow to bubbles of a 
filament diameter on melting of the Bi-2212 and continue to lengthen and 
then to agglomerate across multiple filaments while the filaments are in 
the liquid state. The experiment makes clear why melt processing is vital 
to developing high J

c and also shows how rearrangement of the residual 
filament porosity on melting imposes a strong longitudinal inhomogeneity in 
each filament. Reducing the bubble density is clearly an important path to 
reaching much higher J

cvalues in Bi-2212 round wires. Synchrotron micro-
tomography is an exceptionally powerful technique for studying the spatial 
extent of the porosity on a scale of about 2 μm and larger.

Surface plot showing the 180 grey-scale histograms acquired every 5 min during the in situ heat 
treatment cycle with T

max = 915 °C in air of a Bi-2212 superconducting round wire.
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abstract
We report the successful fabrication of mono- and seven-core 
superconducting wires of FeSe1 − xTex using an in situ Fe-diffusion process 
based on the powder-in-tube (Fe-diffusion PIT) method. The reacted 
layers in these wires were found to have composite structure with the 
composition nearly FeSe and FeTe for the inner and outer layers, although 
a single layer of composition FeSe

0.5Te0.5 was supposed to be formed. The 
self-field transport J

c values at 4.2 K were found to be 226.2 A cm −2 and 
100.3 A cm −2 respectively for mono- and seven-core wires. The Jcs of these 
wires dropped rapidly at low fields and then showed a gradual decrease 
with increasing magnetic fields. In addition, the seven-core wire showed 
higher J

c than the mono-core wire under higher magnetic fields, indicating 
that the seven-core wire of FeSe

1 − xTex superconductor produced using 
the Fe-diffusion PIT method is advantageous for superconducting wire 
applications under high magnetic fields.

Optical micrograph of transverse cross-section for seven-core FeSe1 − xTex superconductor wire 
before heat treatment.
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Analysis of sudden quench of an ITER 
superconducting NbTi full-size short sample 
using the THELMA code        
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abstract
The coupled thermal–hydraulic electromagnetic model, implemented 
in the THELMA code, is applied to the analysis of the sudden quench in 
the ITER NbTi poloidal field conductor insert full-size joint sample. The 
computed results are compared with the measured values, showing that 
the major experimental features, like the premature and sudden voltage 
take-off, as well as the presence of precursors of the quench in the form 
of voltage spikes, can be qualitatively reproduced by the code. A self-
consistent explanation of the phenomenon is presented, emphasising 
the effect of current, magnetic field and temperature non-uniformities 
on the cable cross section, together with the fundamental role played by 
coupled electromagnetic and thermal–hydraulic dynamics in the current 
redistribution associated with the voltage spikes.

(a) Sketch of the final discretisation of the cable-in-conduit conductors cross section used in 
the THELMA simulations. (b) Sketch of a refined discretisation, including three layers of jacket 
elements, used for numerical convergence studies.
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abstract
Most studies of Bi2Sr2CaCu2Ox (Bi2212) show that the critical current 
density J

c is limited by the connectivity of the filaments, but what determines 
the connectivity is still elusive. Here we report on the role played by filament 
porosity in limiting J

c. By a microstructural investigation of wires quenched 
from the melt state, we find that porosity in the unreacted wire agglomerates 
into bubbles that segment the Bi2212 melt within the filaments into 
discrete sections. These bubbles do not disappear during subsequent 
processing because they are only partially filled by Bi2212 grains as the 
Bi2212 forms on cooling. Correlating the microstructure of quenched wires 
to their final, fully processed J

c values shows an inverse relation between Jc 
and bubble density. Bubbles are variable between conductors and perhaps 
from sample to sample, but they occur frequently and almost completely fill 
the filament diameter, so they exert a strongly variable but always negative 
effect on J

c. Bubbles reduce the continuous Bi2212 path within each 
filament and force supercurrent to flow through Bi2212 grains that span the 
bubbles or through a thin Bi2212 layer at the interface between the bubble 
and the Ag matrix. Eliminating bubbles appears to be a promising new path 
to raise the J

c of Bi2212 round wires.

Transverse cross-sectional images of Ag-sheathed PIT multifilamentary Bi2212 round wires with 
(a) the 85 × 7 and (b) 27 × 7 architectures.
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Depairing critical current achieved in 
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thickness arrays of artificial pinning centers         
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abstract
Large area arrays of through-thickness nanoscale pores have been 
milled into superconducting Nb thin films via a process utilizing anodized 
aluminum oxide thin film templates. These pores act as artificial flux pinning 
centers, increasing the superconducting critical current, J

c, of the Nb films. 
By optimizing the process conditions including anodization time, pore 
size and milling time, J

c values approaching and in some cases matching 
the Ginzburg–Landau depairing current of 30 MA cm−2 at 5 K have been 
achieved—a J

c enhancement over as-deposited films of more than 50 times. 
In the field dependence of J

c, a matching field corresponding to the areal 
pore density has also been clearly observed. The effect of backfilling the 
pores with magnetic material has then been investigated. While backfilling 
with Co has been successfully achieved, the effect of the magnetic material 
on J

c has been found to be largely detrimental compared to voids, although 
a distinct influence of the magnetic material in producing a hysteretic J

c 
versus applied field behavior has been observed. This behavior has been 
tested for compatibility with currently proposed models of magnetic pinning 
and found to be most closely explained by a model describing the magnetic 
attraction between the flux vortices and the magnetic inclusions.

Anodized aluminum oxide (AAO) forms nanoscale pores over large areas, as shown in this 
scanning electron micrograph of the surface of an AAO film on Nb.

Alcoholic beverages induce 
superconductivity in FeTe1 − xSx           
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abstract
We found that hot alcoholic beverages were effective in inducing 
superconductivity in FeTe0.8S0.2. Heating the FeTe0.8S0.2 compound in various 
alcoholic beverages enhances the superconducting properties compared 
to a pure water–ethanol mixture as a control. Heating with red wine for 24 h 
leads to the largest shielding volume fraction of 62.4% and the highest zero 
resistivity temperature of 7.8 K. Some components present in alcoholic 
beverages, other than water and ethanol, have the ability to induce 
superconductivity in the FeTe

0.8S0.2 compound.

Temperature dependence of normalized resistivity below 12 K for the as-grown sample of 
FeTe

0.8S0.2 and the samples heated in various alcoholic beverages.
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Liquid vortex phase and strong c-axis pinning 
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abstract
We present linear and nonlinear electronic transport measurements as a 
function of magnetic field strength and orientation at different temperatures 
for BaCoxFe2 − xAs2 biaxially oriented films grown on (La, Sr)(Al, Ta)O3 single 
crystals and determine the critical current density, melting line and upper 
critical field (J

c, Hm and Hc2). Unlike observations on single crystals of the 
same composition with similar T

c ~ 20 K and anisotropy γ ~ 2, we observe 
here a vortex liquid phase as a broadening of the resistive transition with 
increasing H. We find evidence of a high density of correlated defects that 
generate a very large J

c peak as a function of field orientation centered 
near the c-axis orientation with J

c > 1 MA  cm −2 at 4 K and 1 T and reduce 
the dissipation in the vortex liquid state along the defect direction. These 
studies indicate that these correlated defects could be more effective than 
the correlated defects found in more anisotropic cuprate superconductors.

Critical current density Jc 
versus angle H at T = 4 K 
for μ0H = 1, 6, 12 and 15 T 
for BaCoxFe2 − xAs2 pnictide 
films.
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abstract
This paper presents in detail recent pure bending strain investigations of 
ITER Nb3Sn wires including a pure bending device development, bending 
effects on the critical currents and their model analyses. The pure bending 
test device allows applying a uniform bending over a large range of bending 

Finite element analysis 
showing uniformity of the 
longitudinal strain (along the 
beam) with the strand sitting 
on the neutral axis at the 
center plane of the sample 
holder beam of a Nb

3Sn 
superconducting wire.

strain on a strand sample under a large electromagnetic Lorentz force. Pure 
bending characteristics of five different Nb

3Sn wires including three internal 
tin and two bronze wires were tested and evaluated with a newly developed 
integrated model that accounts for neutral axis shift, current transfer 
length, mechanical filament breakage and uniaxial strain release due to the 
applied bending load.

Routine characterization of 3D profiles of SRF 
cavity defects using replica techniques            

M Ge, G Wu, D Burk, J Ozelis, E Harms, D Sergatskov, D Hicks and L D Cooley   

Fermi National Accelerator Laboratory, PO Box 500, Batavia, IL 60510, USA 

2011 Supercond. Sci. Technol. 24 035002

abstract
Recent coordination of thermometry with optical images has shown 
that obvious defects at specific locations produce heat or even quench 
superconducting radio-frequency (SRF) cavities, imposing a significant limit 
on the overall accelerating gradient produced by the cavity. Characterization 
of the topography at such locations provides clues about how the defects 
originated, from which schemes for their prevention might be devised. 
Topographic analyses also provide understanding of the electromagnetic 
mechanism by which defects limit cavity performance, from which viability 
of repair techniques might be assessed. In this paper we discuss how a 
variety of two-component silicone-based room-temperature vulcanizing 
agents can be routinely used to make replicas of the cavity surface and 
extract topographic details of cavity defects. Previously, this level of detail 
could only be obtained by cutting suspect regions from the cavity, thus 
destroying the cavity. We show 3D profiles extracted from several different 
1.3 GHz cavities. The defect locations, which were all near cavity welds, 
compelled us to develop extraction techniques for both equator and iris 
welds as well as from deep inside long 9-cell cavities. Profilometry scans of 
the replicas yield micrometre-scale information, and we describe various 
curious features, such as small peaks at the bottoms of pits, which were 
not apparent in previous optical inspections. We also discuss contour 
information in terms of electromagnetic mechanisms proposed by others 
for local cavity heating. We show that production of the replica followed by 
high-pressure rinsing does not adversely affect the cavity RF performance.

An image of a pit in a 1.3 GHz 
9-cell superconducting resonance 
frequency cavity showing the 
boundaries of the weld bead and 
a magnified view of the pit (inset).



Superconductor Science and Technology

20   H i g h l i g h t s  2 0 1 1

Microwave-induced supercurrent in a 
ferromagnetic Josephson junction     

S Hikino1, M Mori2,3, S Takahashi3,4 and S Maekawa2,3  
1  Computational Condensed Matter Physics Laboratory, RIKEN, Wako, Saitama  
351-0198, Japan 

2  Advanced Science Research Center, Japan Atomic Energy Agency, Tokai, Ibaraki 
319-1195, Japan 

3 CREST, Japan Science and Technology Agency, Tokyo 100-0075, Japan 
4 Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan 

2011 Supercond. Sci. Technol. 24 024008

abstract
We study the supercurrent resulting from coupling of the Josephson phase 
and the spin wave excited by microwave radiation in a ferromagnetic 
Josephson junction, in which two superconductors are separated by a 
ferromagnet. To explore how the spin-wave excitation affects the  
current–voltage curve, the resistively shunted junction model, which is an 
equation of motion for the Josephson phase, is extended by considering 
the gauge invariance including magnetization. When the magnetization 
is driven by the microwave adjusted to the ferromagnetic resonance 
frequency, the dc supercurrent is induced in the junction and the  
current–voltage curve shows step structures as a function of applied 
voltage. The position of each step in voltage is proportional to the 
microwave frequency multiplied by an even number. This means that the 
even number of magnons is necessary for the singlet Cooper pair to go 
through the ferromagnetic layer. The magnitudes of step height can be 
controlled by tuning the shape of the interface. Our results present a new 
route to observe the spin-wave excitation by the Josephson effect.

Step amplitude due to the ferromagnetic resonance of a Josephson junction with a ferromagnet 
sandwiched by two s-wave superconductors.

Controllable manipulation of 
superconductivity using magnetic vortices     
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abstract
The magneto-transport of a superconducting/ferromagnetic hybrid 
structure, consisting of a superconducting thin film in contact with an array 
of magnetic nanodots in the so-called ‘magnetic vortex state’, exhibits 
interesting properties. For certain magnetic states, the stray magnetic 
field from the vortex array is intense enough to drive the superconduct  ing 
film into the normal state. In this fashion, the normal-to-superconducting 
phase transition can be controlled by the magnetic history. The strong 
coupling between superconducting and magnetic subsystems allows 
characteristically ferromagnetic properties, such as hysteresis and
remanence, to be dramatically transferred into the transport properties of 
the superconductor.

Contour plot of the out-of-plane component of the magnetic field at the film plane from a 
completely ‘up’ polarized array (d = 120 nm) of magnetic vortices on a superconducting Al thin 
film covered with Fe-nanodot array.
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2011 Supercond. Sci. Technol. 24 015014

abstract
In this paper, the enhancement of the torque density in a high temperature 
superconductor (HTS) induction/synchronous machine is experimentally 
and theoretically investigated by the use of Bi-2223 windings. The basic 
structure of this machine is the same as that of a conventional squirrel-
cage induction motor, and the secondary windings are replaced by the 
superconducting tapes. Firstly, quantitative values of the enhanced torque 
are measured in an experiment using a fabricated motor at 77 K. Then, 
such a torque result is theoretically confirmed based upon the analytical 
expression, which is derived from the nonlinear electrical equivalent circuit. 
It is shown that the theoretical and experimental results agree well with each
other, and the torque value drastically increases by more than ten times 
compared to the conventional induction motor. These results indicate that it 
is possible to realize a compact sized high efficiency HTS motor in a simple 
structure.

Photograph of fabricated high torque density HTS induction/synchronous machine.
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abstract
The formation of the FeSe compound from a mixture of Fe and Se powders 
encased in a composite Cu/Nb sheath was studied in situ by means of 
high-energy synchrotron x-ray diffraction. Tetragonal β-FeSe does not seem 
to form directly from the starting elements. Instead, a sequence of FeSe

2, 
Fe

3Se4 and Fe7Se8 phases formed prior to the main formation stage of 
β-FeSe at 350–370 °C, although a small amount of this phase appears at 
250 °C already during a heating ramp of 2 °C min−1. β-FeSe transforms to 
δ-FeSe around 480 °C and back to β-FeSe at 405 °C during cooling. There 
is no evidence for any interface reaction between the metal sheath and the 
superconducting core.

(a) General view of a transverse cross-section of a FeSe wire before annealing. (b) Detail of the 
Nb–FeSe ceramic core interface after heat treatment at  584 °C for 1 h.
 

‘SUST has consistently 
contributed strongly to the 
applied superconductivity 
community, thanks to its 
insightful editors and its 

dedicated, pleasant staff.’

Prof. Hans Hilgenkamp 
University of Twente, The Netherlands



Characterizing elastic properties of superconducting windings 
by simulations and experiments
J-H Kim et al 2011 Supercond. Sci. Technol. 24 125001

A simple method to eliminate shielding currents for 
magnetization perpendicular to superconducting tapes wound 
into coils
Kazuhiro Kajikawa and Kazuo Funaki 2011 Supercond. Sci. Technol. 24 
125005

Structural and chemical evolution of propionate based metal–
organic precursors for superconducting YBa2Cu3O7 − δ epitaxial 
film growth
A Angrisani Armenio et al 2011 Supercond. Sci. Technol. 24 115008

Filamentary MgB2 wires twisted before and after heat treatment
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