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Abstract: We have investigated the transport critical current density J, as a function of
the angle 6 between the crystallographic c-axis and the applied magnetic field
in high quality YBa,Cu;07 thin film. Measurements were performed for
various temperature and magnetic field values. Our results show that the
critical current density maximum occurs when the applied magnetic field is
parallel to the ab planes (60 = 90°).The angular dependence of the critical
current density shows the existence of the intrinsic pinning between the CuO,
layers for H parallel to the ab planes and the extrinsic pinning in the
configuration where the magnetic field is parallel to the c-axis. We have
analyzed our results in the framework of the intrinsic pinning model proposed

by Tachiki and Takahachi
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1. INTRODUCTION

The high critical temperature superconductors show a strong anisotropy
in different properties: critical current density [1], resistivity [2, 3] and the
upper critical field [2].

A large anisotropy in the superconducting critical current density J,. of
high temperature superconducting thin film have been reported [4, 5]. A
large enhancement when the applied magnetic field H (perpendicular to J) is
precisely parallel to the copper-oxygen planes of the lattice structure. Also
there are theoretical arguments that the enhancements arise from intrinsic
flux pinning when the vortex cores are located in the weak superconducting
regions between the Cu-O layers [6].

An intrinsic pinning model was proposed by Tachiki and Takahachi [7].
They derived the angular dependence of J.. The intrinsic pinning model is
based on the layer structure in the oxide superconductors which consist of
strong superconducting layers such as CuO, and weak superconducting
layers such as CuO chains and BaO planes in YBa,Cu3;07; They supposed
that weak superconducting layers work as natural pinning centers. The
existence of extrinsic pinning centers, however was also assumed in this
model.

They assumed that the flux lines may be pinned by weak
superconducting layers (intrinsic pinning centers) or extrinsic pinning such
as twin planes. They supposed that weak superconducting layers and twin
planes work as pinning centers most effectively when 6 = 90° and 6 =0,
respectively.

In this work, we have measured the critical current density of
YBa,Cu;307; thin film in strong magnetic field H up to 10 T at various angle
0 between H and the crystallographic c-axis. We have compared our results
to the intrinsic pinning model proposed by Tachiki and Takahachi [7].

2. EXPERIMENTAL DETAILS

The epitaxial YBa,Cu;07;5 thin films were deposited by laser ablation
method onto (100) surface of single crystal SrTiO;. The sample showed a
zero resistivity at 90 K in zero magnetic field. The film thickness and width
were 400 nm and 7.53 pm, respectively. Electrodes of power measurement
are in gold and deposited by in situ evaporation. The distance which
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separates this electrode was 135 um. Contact resistance’s were less than 1 Q.
Measurements were realized by using the DC four-probe method.

In order to rule out distortions of the £E-J curve by extensive heating that
could be induced by the very high extensive heating that could be induced
by the very high dissipation levels employed here, a pulsed current power
supply was used with a time duration T = 10 ms, a waveform repeat time of
2 s and an average over 64 pulses at the same fixed J, T and H.

The microstructure of several of these thin films was studied extensively,
using Transmission Electron Microscopy (T.E.M.). These T.E.M.
observations together with X-ray Energy Dispersion Spectroscopy (E.D.S.)
as well as usual X-ray spectra show that the films are highly homogeneous
and have essentially a single YBCO (123) phase.

Transmission electron microscopy (T.E.M.) observations performed on
our samples revealed not only the presence of the usual twin boundaries as
the major visible defect but also, a set of columnar-like defects. In addition,
the sample certainly contains also point defects, in particular oxygen
vacancies.

3. RESULTS AND DISCUSSION
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Figure I11:5:1. The critical current density as a function of the angle 6 at 0.3 T and 60 K.

In figure 1, we present an example of the critical current density J,
variations as a function of the angle 6 between the crystallographic c-axis
and the applied magnetic field.
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The magnetic field and temperature values are 0.3 T and 60 K,
respectively.

As can be seen in this figure, J. increases as 6 increases, it reaches its
maximal value at 8= 90° corresponding to the configuration where the
applied magnetic field is adjusted parallely to the ab planes of the sample.
After the maximum value, J.(6) decreases and reaches its initial value.

We plot in figure 2 the angular dependence of the critical current density
J/Je, Jer 1s the critical current density when a magnetic field is applied
parallel to the film surface. We note that J,; is independent of the angle 6.
The solid circles are the experimental data obtained for YBa,Cu;0O7.5 thin
film at 10 T and 60 K. For comparison, the solid curve presents the
theoretical values given by [8]

J
Jc —_ T2
|cos€|%

where J., is the critical current density in the configuration where the
magnetic field is parallel to the c-axis. The values of J. and J., are
1.35x10° A/em”and 3.7x10° A/em’, respectively.
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Figure 1II:5:2. Angular dependence of J./J.; at 60 K and 10 T as a function of the angle 6.
Jor = 1.35x10° A/em” and J, = 3.7x10° A/em’.
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As can be seen, in this experimental condition, the theoretical curve
proposed by the intrinsic pinning model of Tachiki and Takahachi are in
good agreement with our experimental data.

The experimental values obtained at 60 K, in an applied magnetic field of
0.6 T are plotted in figure 3. For comparison, with the theoretical values the
solid line presents the intrinsic pinning model values using
J.1 = 6.07x10° A/em’ and J,, = 2.3x10° A/em’.

The concordance between the two curves is less good than in the case
where the applied magnetic field is 10 T especially for angles close of 90°.

A single crystal film of YBa,Cu;07; is considered with the CuO, layers
parallel to the film surface. These layers and their vicinities are strongly
superconductive and the other layers like CuO chains are weakly
superconductive. Accordingly, these crystals are considered to be
constructed by an alternate stacking of strongly and weakly superconducting
layers.
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Figure I11:5:3. Angular dependence of J./J.; at 60 K and 0.6 T as a function of the angle 6.
Jor = 6.07x10° A/em” and J,., = 2.3x10° A/em’.

At low temperature, flux lines preferentially penetrate into the weakly
superconducting layers cause they are stabilized the most when they are at
the weakly superconducting layers, since the loss of the superconducting
energy due to the inclusion of the flux lines is least in this case.

The peak in J.(6) at 0 = 90° corresponding to the configuration where the
magnetic field is parallel to the ab planes can be explained by the following
pinning mechanism which is characteristic for the layered oxide. The weakly
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superconducting layers work as natural pinning centers. The pinning strength
is considerably high, and thus the critical current density becomes very high.
The critical current density is strongly dependent on the direction of the
applied magnetic field.

In the weak magnetic field region (0.6 T), the experimental results are
not in agreement with the intrinsic pinning model. In this case, the flux
pinning at the film surface becomes more dominant than the intrinsic
pinning by the ab planes.

We have reported a large anisotropy in the critical current density J,. of
high quality YBa,Cu307; thin films. A large enhancement of J. when the
applied magnetic field H is precisely parallel to the Cooper-Oxygen planes
of the lattice was observed.

REFERENCES

1. Y. Enomoto, T. Murakami, M. Suzki, K. Moriwaki, Jpn. J. Appl. Phys., 1987; 26:
L1248.

2. Y.lye, T. Tamegar, T. Sakakibara, T. Goto, N. Miura, H. Takeya, H. Takei,

Physica C, 1988; 153-155: 26.

A. Taoufik, S. Senoussi, A. Tirbiyine, Ann. Chim. Sci. Mat, 1999; 24: 227-232.

D. K. Christen, et al., Physica C, 1989; 162: 653.

B. Roas, L. Schultz, G. Saemann-Ischenko, Phys. Rev. Lett., 1990; 64: 479.

M. Tachiki, S. Takahachi, Physica C, 1989; 162-164: 241.

M. Tachiki, S. Takahachi, Solid State Commun., 1989; 70: 291.

M. Tachiki, S. Takahachi, Solid State Commun., 1989; 72: 1083-1086.

i SN




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


