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Facts

Under certain conditions of temperature and
magnetic field, flux avalanches of dendritic form
develop into superconducting films, as a consequence
of thermomagnetic instabilities (TMI);
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Flux avalanches are detrimental for
current transport...
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yet, they are controllable
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Magnetic fields perpendicular to superconducting films often trigger vortex avalanches, which
always are very harmful for electronic devices and other applications. Such avalanches can be
suppressed by a metal layer placed in contact with the superconductor surface, an effect that up to
now has been thought to be a consequence of improved heat conduction. Here we show
experimentally that the role of the metal layer is not that of a heat-sink, but rather that of an
electromagnetic drag due to eddy currents induced in the metal layer during the abrupt onset of the
flux avalanches. The effect is demonstrated for films of MgB, and Nb. © 2010 American Institute
of Physics. [doi:10.1063/1.3350681]
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(a) (b) FIG. 3. (Color online) m-H curves for ascending field with the Nb sample
and aluminum disk separated by different distances, showing increased sup-
FIG. 1. (Color online) Schematic of the sample mounting with an aluminum pression of jump activity the smaller their separation becomes.
disk kept a distance away from the superconducting film sample, which rests
on a teflon disk. (a) sheet of teflon is inserted on top of the sample, (b) teflon
pillars maintain a gap above the sample. iting the superconductor depending on the direction of the
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Flux avalanches involve
rich vortex physics

= although detrimental for
applications, one is naturally

tempted to unravel this beautiful
behavior of Vortex Matter




Flux avalanches are also triggered by
AC fields (even in the absence of DC
fields)

= What's the signature?




Reentrance in ¢ (T) and y(H) curves

Pb plain films
Pb with ADs
Lattice = 1.5 um — AD size = 0.8 um
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A. V. Silhanek, S. Raedts, and V. V. Moshchalkov, Phys. Rev. B 70,
144504 (2004).
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Flux avalanches signature

Paramagnetic reentrance AC field emulated by DC field
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Partial reuse

of the
e channels
The reentrance is intimately M. Motta, F. Colauto, R. Zadorosny, T.H. Johansen, R.B. Dinner, M.G. Blamire,

G.W. Ataklti, V.V. Moshchalkov, A.V. Silhanek, W.A. Ortiz, Phys. Rev. B 84

associated with the occurrence (2011) 214529,



Motivation
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Why are the AC susceptibility versus temperature
curves independent of the magnetic history?






Sample details and methods

Samples:

 Amorphous plain MoSi film (t = 100 nm):
e 2.5x2.5mm?Z
e T.=7.2K;
e T*=39K.

T=6.5K,H=0.2 Oe
T=27K H=2.
G a00

 a-MoGe film (t = 25 nm) decorated with a square
lattice with 1.5 um of square ADs of 0.8 um
(ADO8):
e 5x5mm?

« T.=6.6K;
. T* Tk Optical i image:
Measurements:

* SQUID MPMS-5S (Quantum Design)
* Magneto-optical Imaging (MOI) based on the Faraday effect;



Sample details and methods

Emulating an AC field in the MOI setup:

MO
Hmax }/ﬂ Image ------------------------------------------------------------------ Exposure times= 0.2 s 50 StepS/penOd

DC Field

Time

Measurements in MOI setup:

Thin film
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o measurement Temperatures:
g
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AC Susceptibility measurements — noavalanches

SQUID (h = 1 Oe, 4 cycles/measurement)
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Although the magnetic history is different, IR InEbety 7T,

the differential images are so equal that
one cannot tell if T was approached from

above or below



Flux avalanches: reusing channels

SQUID measurements (h = 2.4 Oe):

Increasing temperature
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Virtually all channels are reused

Differential Image Differential Image
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MOI and AC Susceptibility: quantitative

Considering:
oB = 1+

Approximation:

0B _AB _ Al
oH ~ aH " Mot ag

Al = light intensity
(differential) in grayscale,
averaged over the sample

during 4 cycles
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Final Remarks

AC susceptibility measurements were emulated and
visualized by using of Differential MOI (d-MOI):

d-MOI shows that most of the channels are reused
=> the screening currents reorient themselves at every
cancellation, and the effect of flux avalanches on the
AC-susceptibility is virtually the same for T approached
from above or below;

The features studied here for plain films are also
manifested in samples with arrays of ADs;

The in-phase component of the AC susceptibility was
calculated from Differential MOI, showing good
agreement with the results coming from SQUID
measurements.



