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Measurement of local currents in superconductors using an in-situ high

field magneto-optical microscope

Rinke J. Wijngaarden®, R. Surdeanu®, R. Griessen?, A.A. Menovsky?, J. Fendrich® and W.-K. Kwok®

¢Institute COMPAS and Faculty of Physics and Astronomy, Vrije Universiteit, De Boelelaan 1081,

1081 HV Amsterdam, The Netherlands

®Van der Waals - Zeeman Instituut, Universiteit van Amsterdam, Valckenierstraat 65,

1018 XE Amsterdam, The Netherlands

¢Argonne National Laboratory, Argonne, Illinois 60439, U.S.A.

A contactless method is used to measure the local current density in superconductors at fields up to 7 T with a
spatial resolution better than 1 ym. The local currents are derived from magneto-optical images using a powerful
inversion scheme. Various illustrative applications are discussed.

1. INTRODUCTION

on flux flow, flux creep and relaxation phenom-
ena is hindered if the magnetic moment of the
sample as a whole is measured, while the current
flow in the sample is not uniform. This problem
can be overcome by the local measurement of the
currents flowing in the sample that is discussed
below.

2. EXPERIMENTAL TECHNIQUE AND
DATA ANALYSIS

Just above the sample under investigation a 100
nm thick aluminum mirror and then a layer with a
large Faraday effect is placed. The local magnetic
field H, is visualized as an intensity contrast by
placing the sample assembly under a home built
polarization microscope which is in the variable
temperature insert of a 7 Tesla magnet system.
The spatial resolution is 0.5 um. From the in-
tensity image the local magnetic field H,(z,y) is
calculated. If the current flow in the sample is 2-
dimensional [1], then the current density 7(z,)
may be obtained from H,(z,y) by a powerful in-
version scheme [1]. Consequently all components
of the magnetic field can be calculated. In ad-
dition, from the time-dependence of H,(x,y) the
electrical field as a function of position in the sam-
ple can be found.
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3. RESULTS AND DISCUSSION

~ We give here several examples of the applica-
tion of our new method.

3.1. First Penetration field

The first penetration field H, as a function
of position along the edge of the sample is mea-
sured magneto-optically as follows. The sample
is cooled in zero field; at the measurement tem-
perature the external field is raised to a value
Hmax and reduced to zero again. If Hya < Hp
the process is reversible and no flux remains in
the sample. However, if Hyax > H, some flux
is trapped in the sample and is easily detected
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images of a

" BiySryCaCuyOg single crystal at zero field after
field excursions to the indicated maximum field
Hinax. In bright areas the penetration field H), is
lower than Hpax.
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magneto-optically as illustrated in Fig.l for a
BigSrgCaCusOg single crystal of 1.13 x 0.67 x
0.025 mm3. Clearly H, is not uniform although
this sample is one of the best presently available.
In our determination of H, we avoid the averag-
ing over the sample done in bulk magnetometry.

3.2, Influence of twin planes on current
flow in YBasCuzO-

Our investigation [2] of the influence of twin
planes in YBagCuzO7 on flux penetration and
current flow at 2 K reveals (i) that the current
density across a twin plane is about half of the
current density elsewhere and (ii) that current
subloops arise; see Fig.2, which shows the ab-
solute_value of the current as a grey tone for a
YBazCuzOr crystal of 0.7 x 0.4 x 0.025 mm?® with
two twin planes only. Due to the current subloops
one cannot calculate the currents from the bulk
magnetization: knowledge of the entire flow pat-
tern as obtained by our method is essential.

3.3. Relaxation in Bi;SryCaCuyOg

Due to quantum tunneling of vortices signif-
icant relaxation takes place in BipSrpCaCugsOg
even at low temperatures. The same crystal as
discussed above is cooled in zero field; after reach-
ing a stable temperature of 2 K the external field
is swept at 40 mT/s to 2 T, then kept constant.
The time ¢ = 0 is defined as the moment when
2 T is reached. Figure 3 shows selected intensity
images over a time span of 600 s. Significant flux
penetration due to quantum creep (observed here
in a very visual way) is found.

Figure 2. Absolute value of screening current
flowing in a YBayCusOr single crystal with two
twin planes (dashed lines) at 240 mT and 2 K.
Bright indicates high current, dark low current.
Current subloops are indicated schematically by
black curves.

3.4. Flux penetration in thin film samples

In isotropic films flux penetrates in a fractal
manner. However, we found recently that in
anisotropic (a.b)-oriented YBagCuzO7 films [3]
and in anisotropic vicinal Tl;BayCuQOg films [4]
a smooth flux front is observed. Further experi-
ments exploring the crossover between the fractal
and non-fractal regime as a function of anisotropy
may elucidate the reason for fractal flux penetra-
tion in thin films.

4. CONCLUSION

A new in-situ magneto-optical set-up working
up to 7 Tesla with a spatial resolution of 0.5 pm
and a powerful inversion scheme enable the mea-
surement of local currents in flat superconduc-
tors. Application of this technique to the study
of single crystals and thin films is very fruitful.
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Figure 3. Quantum creep as seen in raw magneto-
optical intensity images: flux penetration in
BigSraCaCuyOg as a function of time after the
application of an external fleld of 2 T at 2 K.
Bright areas correspond to high flux density and
black areas to zero flux density.



