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1 Introduction

Abstract: We investigated the magnetic flux-pinning in
iron-based 1111-type (REFeAsO, RE= rare earth) and 11type (FeSe1−x Tex ) superconductors by third harmonic acmagnetic susceptibility measurements, a technique sensitive to the dynamics of magnetization, probing non-linear
processes in flux pinning transport. Despite the larger
thermal fluctuations due to the high critical temperature
and large anisotropy, flux dynamics of 1111-type pnictides
points out a more efficient pinning mechanism than the
one in the 11-type chalcogenides. We have associated the
stronger pinning in the 1111-family to the presence of REO
(RE=rare earth) spacer layers separating the active FeAslayers unlike the 11-chalcogenides in which no spacer layers are present. Therefore, the disorder in the FeAs layers
induced by the misfit strain due to spacer layers has an important role in the enhanced flux pinning of 1111-type superconductors.

The discovery of superconductivity in LaFeAsO1−x Fx in
2008 [1] has triggered a large number of experimental
and theoretical studies to explore layered iron-based compounds [2–5], resulting in the synthesis of many new superconducting materials with differing transition temperatures. These new superconductors are characterized by
several chemical compositions. Among the many stoichiometric compounds, we have the REFeAsO (RE = rare earth)
materials that belong to the 1111 family, i.e., compounds
with four elements with a 1:1:1:1 ratio. Other main families
are the 122 compounds, e.g., the BaFe2 As2 [6], the 111 compounds, e.g., the LiFeAs [7] and the 11 compounds, e.g., the
FeSe [8].
Among iron-based superconductors, the 1111 family
holds the record of highest critical temperature, as high
as 55 K [9, 10]. All the iron-based superconductors share
a common chemical element, i.e., the FeX layer (X = As,
P, S, Se, or Te). The FeX layers consist of a square array of
Fe sandwiched between two layers made by X atoms with
a tetrahedral coordination between the Fe and X anions.
These layers are either stacked one over the other (e.g., in
the 11 family), or separated by “spacer” layers with different chemical configurations (e.g., REO in the 1111 family, or
alkaline atoms in the 122 family). While the “spacer” layers are known to stabilise the average structure, the fundamental electronic structure of these materials is mainly
driven by the Fe 3d states, hybridized with the electronic
orbitals of the X anions [11] and characterized by highly
covalent Fe-X bond lengths [12].
Since both superconductivity and itinerant striped
magnetism occur in the FeX layers, the role of the “spacers” has been one of the highly debated questions in these
materials. The misfit strain between the spacer layers on
the FeAs layers occurs [13] inducing an anisotropic internal pressure on the FeX layers which together with
a proximity to a Lifshitz transition driven by a new appearing Fe 3d small Fermi surface pocket [14, 15] gives a
particular inhomogeneity giving nanoscale phase separation like in cuprates [15–19] which has been investigated
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by XANES [20–22] and predicted for Lifshitz transition in
multiband Hubbard model [23, 24]. From the application
point of view, it is very important to explore this complex
disorder controlled by space layers in the superconducting properties, such as the flux-pinning as it was made recently in cuprates [25].
The anisotropic internal pressure on the FeX layers is
dependent on the ionic radius size of the RE. This effect,
in turn, leads to a flux pinning type efficient on the whole
FeAs plane superconductor with the increase of the disorder [21, 22]. This effect cannot be present in superconductors 11 Fe-HTSC since there is not REO layer in these compounds. Furthermore, a comparison of the crystal structure 1111 Fe-HTS and 11 FeSe HTSC points out this aspect
(see fig. 2, pag. 3, in Ref. [5]).
However, in all the Fe-based HTSC families will be
present a second flux pinning type statistically distributed
and connected to the local disorder induced by doping F,
in 1111 Fe-HTSC family [26] and by composition changing
between Se and Te atoms in the 11 Fe-HTSC family [27, 28].
These pinning type will have effects on a smaller scale
than the coherence length [29] also considering the coherence length ξ in these Fe-based HTSC is about 2 nm [30]
and on a larger scale because the local distortions will be
autocorrelated macroscopically for the whole sample [18,
25, 29].
From the general point of view, to know, to control,
amplify, the flux pinning is of great technological importance, in fact, determines the critical current in superconducting [29]. The flux pinning arises from complex
local cooperative situations: defects, stress, dislocations,
precipitated, doping, etc contribute statistically to realize
flux pinning both weak and strong [29, 31]. Also in the
HTSC, the dimensionality, the chemical structure, have a
role which further complicates and modifies the flux pinning. The temperature and magnetic field realize different scenarious where the pinning statistical sums and FLL
can have different configurations such as, single vortex or
small/medium/large flux bundles [32]. Additional and important effects are due if the material is in polycrystalline
form where the grain boundary causing weak flux pinnings which limits the critical current value [33]. These issues have been extensively discussed in the Fe-based superconductors [26, 27, 34].
In this work we have addressed this problem and
present a comparative study of magnetic flux-pinning
properties of iron-based superconductors with and without “spacer” layers. In particular, we have measured the
third harmonic of the magnetic ac-susceptibility of 1111
family (NdFeAsO0.86 F0.14 and SmFeAsO0.85 F0.15 ) characterized by the REO spacer layers [35–38] and the 11 fam-

ily (FeSe1−x Tex ), containing only the stacking of FeX active layers without any “spacer” layers. Multi-harmonic
ac-susceptibility is a powerful tool to probe flux-pinning
properties [39]. In fact, the high harmonic coefficients, χ n ,
are very sensitive to the non-linear flux-pinning interaction in the superconducting phases [40–44].

2 Experimental details
All samples are polycrystalline. Details of the synthesis process and characterization can be found
for NdO0.86 F0.14 FeAs sample in reference [45], for
SmO0.85 F0.15 FeAs sample in reference [46], for the
FeSe0.88 , FeSe0.5 Te0.5 and FeSe0.25 Te0.75 samples samples in references [28, 47]. To perform analysis on flux
pinning dominant processes in single crystals present in
the sample we use the analysis of the higher harmonic
(III Harmonic) behaviour of the multi-harmonic ac susceptibility in function of temperature and magnetic field.
In fact, the high harmonic components ac detect only the
non-linear components in the signal, separate and amplify the signals due to different superconducting phases
present in the sample [41–44, 48–51], even when there are
small amount of superconducting phases or evanescent
superconducting phases are present [52, 53]. The latter are
connected to changes of the effective flux-diffusivity tuned
by the flux-pinning interaction [39, 40].
In particular, the signal that will show the highest critical temperature will be connected to the superconducting
behavior of separated single crystals present in the polycrystalline sample [49]. In this paper we will account only
this behaviour that indicates the average superconducting
behavior of single crystals distributed uniformly in polycrystalline samples.
To deduce from the multi harmonic ac susceptibility
measures the quality of interaction between ’Flux Line Lattice’ (FLL) and the pinning phenomena present in the sample is sufficient to have the measures in arbitrary units and
compare them with each other. The ac susceptibility in this
paper has the following arbitrary units: (V/Hz/Tesla/gr).
Underline that the magnetic measurements are dependent
on the volume and weight of the sample then the comparison between the different samples is achieved considering
the density of the sample. The measured signals will be referred to the weight of each sample (gr) and the volumetric
factor called ’fill factor’ which takes into account the ratio between the volume of the pick-up coil with respect to
the sample volume. The flux pinning quality will be determined by the temperature width of the module ac suscepti-
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bility third harmonic signal and the value of its amplitude.
Since there are homogeneous distribution of single cristals
in the samples the demagnetization geometric factors [37]
will be similar in all samples and the signal differences are
attributable only to the intrinsic structure of the grains.
The AC multi-harmonic susceptibility measurements
were performed in the LAMPS laboratory at the Laboratori Nazionali di Frascati of the INFN, using a gradiometer based on a bridge of two pick-up coils cooled in a thermally controlled He gas-flow cryostat, where a superconducting magnet operates up to 8 T. All measurements have
been performed under a zero field cooling (ZFC) set-up,
i.e., the sample has been slowly cooled to 4.4 K without
applying a magnetic field, then an AC magnetic field of
9.8 Gauss at 1070 Hz has been turned on. AC susceptibility
multi-harmonic measurements have been performed during the heating process. In particular, to investigate the
role of the spacer layers on the flux-pinning of these systems, we have focused to the third-harmonic susceptibility
which has the highest amplitude respect to the other high
harmonic components. Signals have been normalized to
the sample weight and scaled with the sample fill factor
(FF), i.e., the ratio between the volume of the sample and
of the pick-up coil. The FF values of the investigated samples are shown in Table 1.

3 Results and discussion
Figure 1a shows the first harmonic of the ac-susceptibility
measured as a function of temperature on the superconducting NdFeAsO0.86 F0.14 system containing a spacer
layer and the FeSe0.88 sample with no spacer layer. The figure shows a clear and sharp diamagnetic transition in both
samples across the superconducting transition temperature (Tc (onset)), estimated to be 48 K and 8 K, respectively.
Fig. 1b showing the AC-susceptibility signal as a function
of the renormalized temperature scale (t=T/Tc ) points out
clear differences in the magnetic response of these two
samples. Indeed, while the diamagnetic signal in the 1111
system is sharply saturating to a minimum value, the signal of the 11 is still changing down to 0.6 Tc , and its value
remains substantially higher than the 1111 counter part.
To have a further insight to the magnetic characteristics, we have analysed the third harmonic of the ACsusceptibility on both systems. Fig. 2a shows the temperature dependence of the third harmonic |χ3 | at Hdc = 0 T
for both NdFeAsO0.86 F0.14 and FeSe0.88 samples. The former shows just an intense and single sharp peak, pointing out to an efficient pinning inside the materials [40],
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while the latter is characterized by a broad and asymmetric distribution related to a different flux pinning mechanism. This broad peak suggests the presence of only an
intra-grain phase. According to the critical state model [41,
42], the observed profile of the susceptibility peak in the
NdFeAsO0.86 F0.14 system is a characteristic feature of a
stronger magnetic flux-pinning.
To characterize the pinning properties, we have compared in Fig. 2b the Cole-Cole plots, i.e., a plot of χ”3 vs.
χ’3 , of the two samples under the same magnetic field and
frequency. As the reference, represented by the dashed
curve, we have also plotted the Bean’s model independent
of the frequency, [54, 55] corresponding to a homogeneous
bulk pinning ‘lens’ shape [56]. The curves reveal a similar
bulk flux-pinning interaction for both NdFeAsO0.86 F0.14
and FeSe0.88 samples although the area of the former is
larger. The observed behaviour rules out the possibility of
a contribution due to surface barrier pinning that is on the
contrary characterized by a ‘cardiod’ Cole-Cole χ3 plot [57].
The shape of the Cole-Cole plot for the NdFeAsO0.86 F0.14
is the closest to the Bean’s model curve, indicating poorer
frequency dependence and a stronger pinning force, compatible to a higher critical current for this system [39].
We have also studied another member of the 1111 family, i.e., the SmFeAsO0.85 F0.15 , characterized by the highest superconducting transition temperature among the
iron-based superconductors. The comparison in Fig. 3a of
the third harmonic of the AC-susceptibility as a function
of the reduced temperature T/Tc for the two 1111 systems
shows a different intra-grain connectivity between them.
However, both show a sharp third harmonic peak, albeit
the one for the NdFeAsO0.86 F0.14 system is much broader.
Differences in the flux pinning properties can be analysed
looking at the Cole-Cole plots of the two systems shown
in Fig. 3b where the SmFeAsO0.85 F0.15 behaviour is in reasonable agreement with the Bean’s model curve. The difference in the pinning between them is clear, with relatively better pinning properties for the SmFeAsO0.85 F0.15 ,
supporting the role of the “spacer” layers in the pinning
behaviour.
Regarding the 11 system, data shown in Fig. 2 provides
a clear indication that the 1111 systems with “spacer” layers such as NdFeAsO0.86 F0.14 and SmFeAsO0.85 F0.15 , are
characterized by a higher pinning force and larger critical
current values compared to the FeSe0.88 containing only
the “active” FeSe layers. The result is important, because
the higher pinning behaviour observed in the 1111 ironpnictides contradicts the common understanding that a
material with a higher critical temperature and a larger
anisotropy associated to a larger thermal activation should
have a lower flux pinning. As a consequence, the stronger
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Table 1: Filling factors of the samples calculated with respect to volume of the pick-up coil.

FF

NdFeAsO1−0.14 F0.14
0.015

SmFeAsO0.85 F0.15
0.0025

FeSe0.88
0.185

FeSe0.5 Te0.5
0.0029

FeSe0.25 Te0.75
0.339

Figure 1: a) Magnitude of the first harmonic ac- susceptibility |χ1 | measured at 1070 Hz without dc field (Hdc
b) the ac- susceptibility |χ1 | as a function of the reduced temperature t=T/Tc (right).

= 0 T) vs. temperature (left);

Figure 2: a) Comparison between |χ3 | (left) and; b) Cole-Cole plots (right) at 1070 Hz with no dc-magnetic field (Hdc = 0 T) for both
NdFeAsO0.86 F0.14 and FeSe0.88 .

flux pinning observed in the 1111 systems with respect
to the 11 has to be associated to their structural topology and to a different atomic disorder in the FeX “active”
layers. To clarify the issue, we have investigated the Te
substituted FeSe 11 system, i.e., the FeSe0.5 Te0.5 and the
FeSe0.25 Te0.75 , two compounds without the ’space layer’

but with a different atomic disorder in the active layer
due to Te substitution. Similarly to random alloys, these
two ternary systems show also a nanoscale phase separation characterized by different Fe-Se and Fe-Te bond
lengths, [28, 58].
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Figure 3: a) Comparison between |χ3 | (left) and; b) Cole-Cole plots (right) at 1070 Hz with no magnetic field (Hdc = 0 T) for NdFeAsO0.86 F0.14
and SmFeAsO1−0.14 F0.14 .

Figure 4: a) Comparison of |χ3 | (left) and; b) Cole-Cole plots (right) for FeSe0.88 , FeSe0.5 Te0.5 and FeSe0.25 Te0.75 at 1070 Hz and Hdc =0 T.

In Fig. 4 we compare the third harmonic of the
AC-susceptibility and the Cole-Cole plot for FeSe0.88 ,
FeSe0.5 Te0.5 and FeSe0.25 Te0.75 samples with the Bean’s
model. Differences are evident, with disorder playing an
important role in flux-pinning properties. Indeed, pinning
forces are lower in the ternary 11 system characterized by a
random disorder. Moreover, the difference in the pinning
force between binary and ternary systems is large and,
therefore, both the structural topology and the disorder in
the active layer contribute to the different transport properties of these materials. We associate the greater flux pinning of the 1111 system to a misfit strain that induces a con-

trolled disorder in the active FeX layer via large interlayer
atomic correlations [59–61] present in this family. The scenario is different in the 11 system in which the random disorder in the FeX layer is at the origin of the weakening of
the pinning force.
Fig. 5 shows modulus of third harmonic, measured using DC-magnetic field of 1 T, as a function of temperature
for NdFeAsO0.86 F0.14 [Tc (1 T) = 46.1 K] and FeSe0.25 Te0.75
[Tc (1 T) = 9.47 K]. These data provide further support to
the stronger pinning in the 1111 family with respect to the
samples of the 11 family, that should be related to the presence of the spacer layer and controlled disorder in the ac-
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tive layer. An additional evidence of higher flux-pinning in
the 1111 system is provided by the critical current measurements with high DC magnetic field on single crystal samples of SmFeAsO0.7 F0.25 [62] and FeTe0.61 Se0.39 [63].

Figure 5: Comparison of |χ3 | vs. t for NdFeAsO0.86 F0.14 and
FeSe0.25 Te0.75 at 1070 Hz and Hdc =1 T.

Finally the Figures 3a and 4a show a further effect:
the flux pinning produced by controlled-disorder due to
strain/stress by ’space layer’ and/or by doping can be
optimized even within the same Fe-HTSC family, that is,
some compounds show a better matching between FLL
and flux pinning. In fact, the FLL mobility is much larger
in 1111 NdO0.86 F0.14 FeAs than in 1111 SmO0.85 F0.15 FeAs
(Fig. 3a) and much larger in FeSe 0.25 Te0.75 than in
FeSe0.88 (Fig. 4a).
The stronger intra-grain pinning observed in the 1111
HTSC-Fe family compared to the 11-HTSC Fe and its technological control via correlated nanoscale defects [64] will
have application relevance. However keep in mind that in
the fabrication of the superconducting wires and tapes the
limiting factor of the critical current are mainly the grain
boundaries, then as a first step need solve this technologically relevant fact [65].

4 Summary and conclusion
In summary, we have presented a careful analysis of
the flux-pinning behaviour of representative Fe-based superconductors: 1111 iron-pnictides containing spacer layers such as NdFeAsO0.86 F0.14 and SmFeAsO1−0.15 F0.15

systems and 11 iron chalcogenides such as FeSe0.88 ,
FeSe0.5 Te0.5 , FeSe0.25 Te0.75 , containing only active layers stacked together. We have showed that, under the
same condition of temperature and magnetic field, ironpnictides exhibit a stronger bulk pinning force. In fact,
both NdFeAsO0.86 F0.14 and SmFeAsO1−0.15 F0.15 are characterized by a very sharp |χ3 | peak and their Cole-Cole
plots can be well described by the Bean critical state
model. Moreover, the misfit strains due to REO spacer layer
controls the disorder in the active layers and hence tune
the flux pinning. “The results seems to indicate” as these
are not direct results, rather implication of the present
findings.
Acknowledgement: We sincerely acknowledge the technical staff of the DAΦNE-Light laboratory. Thanks are also
due to F. Tabacchioni for his continuous technical support
during experiments. One of us (C.W.) thanks the support
from the National Natural Science Foundation of China
(N. 11179023), the Fundamental Research Funds for the
Central Universities (N. WK2310000019), the Knowledge
Innovation Program of the Chinese Academy of Sciences
(KJX2-YW-N42) and the National Basic Research Program
of China (2009CB930804).

References
[1]

Y. Kamihara, T. Watanabe, M. Hirano, and H J. Hosono, Am.
Chem. Soc. 130, 3296 (2008)
[2] Y.Izyumov, E. Kurmaev, High-Tc Superconductors Based on FeAs
Compounds, (Springer Series in Materials Science 143, 2010)
[3] Special issue of Physica C on Supercond. Picnitides Phys. C
469, 313 (2009)
[4] Special issue of New Jour. Phys., Focus on Iron-Based Superconductors, New J. Phys. 11 025003 (2009)
[5] Y. Mizuguchi and Y. Takano, J. Phys. Soc. Japan 79, 102001
(2010)
[6] M. Rotter, M. Tegel and D. Johrendt, Phys. Rev. Lett. 101, 107006
(2008)
[7] F. C. Hsu et al, Proc. Natl. Acad. Sci. 105, 14262 (2008)
[8] X. C. Wang et al, Solid State Com. 148, 538 (2008)
[9] Z. A. Ren, J. Yang, W. Lu, W. Yi, X. L. Shen, Z. C. Li, G. C. Che, X. L.
Dong, L. L. Sun, F. Zhou and Z. X. Zhao, Eu. Phys. Lett. 82, 57002
(2008)
[10] Z. A. Ren, W. Lu, J. Yang, W. Yi, X. L. Shen, C. Zheng, G. C. Che, X.
L. Dong, L. L. Sun, F. Zhou and Z. X. Zhao, Chin. Phys. Lett. 25,
2215 (2008)
[11] K. Ishida, Y. Nakai and H.Hosono, J. Phys. Soc. Jpn. 78, 062001
(2009)
[12] A. Iadecola, S. Agrestini, M. Filippi, L. Simonelli, M. Fratini, B.
Joseph, D. Mahajan and N. L. Saini, Eur.Phys. Lett. 87, 26005
(2009)

Bereitgestellt von | IFW Dresden
Angemeldet
Heruntergeladen am | 05.12.19 16:33

Effect of spacer layer on flux-pinning properties of iron-based superconductors |

[13] M. Fratini, R. Caivano, A. Puri, A. Ricci, Z.-A. Ren, X.-L. Dong,
J. Yang, W. Lu, Z.-X. Zhao, L. Barba, et al., Superconductor Science and Technology 21, 092002 (2008)
[14] R. Caivano, M. Fratini, N. Poccia, A. Ricci, A. Puri, Z.-A. Ren, X.-L.
Dong, J. Yang, W. Lu, Z.-X. Zhao, et al., Superconductor Science
and Technology 22, 014004 (2009)
[15] A. Bianconi, Nature Physics 9, 536 (2013)
[16] A. Bianconi, International Journal of Modern Physics B 14, 3289
(2000).
[17] A. Bianconi, D. Di Castro, G. Bianconi, A. Pifferi, N. L. Saini, F. C.
Chou, D. C. Johnston, and M. Colapietro, Physica C: Superconductivity 341-348, 1719 (2000),
[18] N. Poccia, A. Ricci, G. Campi, M. Fratini, A. Puri, D. Di Gioacchino,
A. Marcelli, M. Reynolds, M. Burghammer, N. L. Saini, G. Aeppli
and A. Bianconi, Proc. Natl. Acad. Sci. 109, 15685 (2012)
[19] G. Campi, A. Bianconi, N. Poccia, G. Bianconi, L. Barba, G. Arrighetti, D. Innocenti, J. Karpinski, N. D. Zhigadlo, S. M. Kazakov,
et al., Nature 525, 359 (2015).
[20] B. Joseph, A. Iadecola, M. Fratini, A. Bianconi, A. Marcelli and N.
L. Saini, J. Phys: Cond. Mat. 21, 432201 (2009)
[21] W. Xu, A. Marcelli, B. Joseph, A. Iadecola, W. Chu, D. Di
Gioacchino, A. Bianconi, Z. Wu and N. L. Saini, J. Phys: Condens.
Matter 22, 125701 (2010)
[22] W. Xu, B. Joseph, A. Iadecola, A. Marcelli, W. S. Chu, D. Di
Gioacchino, A. Bianconi, Z. Y. Wu and N. L. Saini, Eur. Phys. Lett.
90, 50071 (2010)
[23] K. Kugel, A. Rakhmanov, A. Sboychakov, N. Poccia, and A. Bianconi, Physical Review B 78, 165124+ (2008)
[24] A. Bianconi, N. Poccia, A. O. Sboychakov, A. L. Rakhmanov,
and K. I. Kugel, Superconductor Science and Technology 28,
024005+ (2015).
[25] D. Di Gioacchino, A. Puri, A. Marcelli, N. Poccia, A. Ricci, and
A. Bianconi, Phys. Chem. Chem. Phys. 18, 12534 (2016).
[26] G. Prando, P. Carretta, R. De Renzi, S. Sanna, H.-J. Grafe, S.
Wurmehl, B. Buchener, Phys. Rev. B, 85, 144522 (2012)
[27] P. Das, A.D. Thakur, A.K. Yadav, C.V. Tomy, M. R. Lees, G. Balakrishnan, S. Ramakrishnan, A.K. Grover, Phys. Rev. B, 84, 214526
(2011)
[28] B. Joseph, A.Iadecola, A.Puri, L. Simonelli, Y. Mizuguchi, Y.
Takano, N.L. Saini, Phys. Rev. B, 82, 020502(R) (2010)
[29] H. Ullmaier, ‘Irreversible Properties of Type II Superconductors’,
(Spring Tracts Modern Physics Springer-Verlag 1975)
[30] I. Pallecchi, M.Tropeano, G. Lamura, M. Pani, M. Palombo, A.
Palenzola, M. Putti, Physica C, 482, 68 (2012)
[31] R. P. Huebener, ‘Magnetic Flux Structures in Superconductors’,
(Springer Series in Solid-State Sciences 6 Springer-Verlag 1979)
[32] G. Blatter, M.V. Feigel’man, V.B. Geshkebein, A.I. Larkin, V.M.
Vinokur, Rev. Mod. Phys., 66, 1125 (1994)
[33] L.N. Bulaevskii, L.L. Daemen, M.P. Maley, J.Y. Coulter Phys. Rev.
B, 48, 13798 (1993)
[34] H.Yang, C. Ren, L.Shan, H. Wen, Phys. Rev. B, 78, 092504 (2008)
[35] A. Puri, A. Marcelli, N. Poccia, A. Ricci, U. Zeitler, D. Di
Gioacchino Physics Procedia , 67 890-895 (2015)
[36] D. Di Gioacchino, A. Marcelli, A. Puri, A. Iadecola, N. L. Saini and
A. Bianconi J. Super. Novel Magn. 5, 1289 (2012)
[37] D. Mancusi, M. Polichetti, M.R. Cimberle, S. Pace, Super. Sci.
Technology, 28, 095017 (2015)
[38] K. Buchkov, M.Polichetti, K. Nenkov, E. Nazarova, D. Mancusi,
N. Balchev, D. Kovacheva, A. Zahariev, S. Pace. Super. Sci. Technology, 28, 035009 (2015)

49

[39] D. Di Gioacchino, A. Marcelli, A. Puri, A. Bianconi, J. Phys. Chem.
Solids 71, 1046 (2010)
[40] D. Di Gioacchino, P. Tripodi, F. Celani, A. M. Testa, S. Pace, Phys.
Rev. B 59, 11539 (1999)
[41] A. Shaulov and D. Dorman, Appl. Phys Lett. 53, 2680 (1988)
[42] D. Di Gioacchino, U. Gambardella, P. Tripodi and G. Grimaldi,
Supercond. Sci. Technol. 16, 534 (2003)
[43] D. Di Gioacchino, F. Celani, P. Tripodi, A. M. Testa, S. Pace, Philos.Mag. B 80, 997 (2000)
[44] V. Mihalache, S. Popa, D. Di Gioacchino, P. Tripodi, Physica C
433, 225 (2006)
[45] J. A. Ren, J. Yang, W. Lu, W. Yi, G.-C. Che, X.-L. Dong, L.-L. Sun,
and Z.-X. Zhao, Europhys. Lett., 82, 57002, (2008)
[46] L. Wang, Z. S. Gao, Y. P. Qi, D. L. Wang, X. P. Zhang and Y. W. Ma,
Supercond. Sci. Technol. 22, 015019 (2009)
[47] Y. Mizuguchi, F. Tomioka, S. Tsuda, T. Yamaguchi, and Y. Takano,
J. Phys. Soc. Jpn. 78, 074712, (2009)
[48] A.Shaulov, R. Bhargava, S.Shatz, Jour. Appl. Phys. 69 (9) 6738
(1991)
[49] A. Shaulov, J.K. Krause, B.C. Dodrill, V. Wang, Lake Shore Cryogenic, Inc. note 12/91 M2
[50] V. Sandu, S. Popa, D. Di Gioacchino, P. Tripodi, Journal of Superconductivity 18, 573 (2005)
[51] V. Sandu, S. Popa, D. Di Gioacchino, P. Tripodi, Journal of Superconductivity 17, 701 (2004)
[52] P. Tripodi, D. Di Gioacchino, D. J. Vinko, Brazilian Journal of
Physics 34, 1177 (2004)
[53] P. Tripodi, D. Di Gioacchino, R. Borelli, D.J. Vinko, Physica C 388389, 571 (2003)
[54] C. P. Bean, Rev. Mod. Phys. 36, 31 (1964)
[55] S. Shatz, A. Shaulov and Y. Yeshurun, Phys. Rev. B 48, 13871
(1993)
[56] J. Gilchrist and T. Dombre, Phys. Rev. B 49, 1466 (1994)
[57] C. J. Van der Beek, M. V. Indenbom, G. D’Anna, W. Benoit, Physica
C 258 105 (1996)
[58] A. Iadecola, B Joseph, A Puri, L Simonelli , Y Mizuguchi, D.
Testemale, O. Proux, J-L. Hazemann, Y. Takano and N. L. Saini
J. Phys: Cond. Matt. 23, 425701 (2011)
[59] A. Ricci, B. Joseph, N. Poccia, W. Xu, D. Chen, W. S. Chu, Z.Y. Wu,
A. Marcelli, N. L. Saini and A. Bianconi, Supercond. Sci. Tech.
23, 052003 (2010)
[60] A. Iadecola, B. Joseph, L. Simonelli, L. Maugeri, M. Fratini, A.
Martinelli, A. Palenzona, M. Putti, and N. L. Saini. Phys. Rev. B
85, 214530 (2012)
[61] D. Di Gioacchino, A. Puri, A. Marcelli, N. L. Saini, IEEE Trans.
Appl. Supercond. 23, 7300505 (2013)
[62] P.J.W.Moll, R.Puzniak, F.Balakirev, K. Rogacki, J. Karpinski, N.D.
Zhigadlo and B. Rogalla, Nature Mat. 9, 628 (2010)
[63] T. Taen, Y. Tsuchiya, Y. Nakajima and T. Tamegai, Phys. Rev. B
80, 092502 (2009)
[64] L. Fang, Y. Jia, V. Mishra, C. Chaparro, V.K. Vlasko-Vlasov, A.E.
Koshelev, U. Welp, G.W. Crabtree, S. Zhu, N.D. Zhigadlo, S. Katrych3, J. Karpinski, W.K. Kwok, Nature Comm. 4, 2655 (2013)
[65] Q. Zhang, C. Yao, H. Lin, X. Zhang, D.Wang, C. Dong, P.Yuan,
S. Tang, Y.i Ma, S. Awaji, K. Watanabe, Y. Tsuchiya, T. Tamegai,
Appl. Phys. Lett. 104, 172601 (2014)

Bereitgestellt von | IFW Dresden
Angemeldet
Heruntergeladen am | 05.12.19 16:33

