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YBa,Cu;30,_,-BaZrO; (YBCO-BZO) nanocomposites have recently shown to display record pinning forces
at high magnetic fields, paving thus the way for power applications. We have applied an ac-susceptibility
methodology to analyze the different vortex dynamics of BZO nanocomposites compared to pristine YBCO
thin films grown by the trifluoracetate route, close to the irreversibility line. The analysis is focused on the
nonlinear Bean critical-state regime, occurring at high ac fields. We determined the dc-field and current-density
dependencies of the effective energy barrier for thermally activated flux motion, U.(J,T,B). The distinctive
dependencies encountered for BZO nanocomposites evidence that randomly oriented BZO nanoparticles in the
YBCO matrix provide strong-isotropic pinning, even at very high dc fields and temperatures.
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I. INTRODUCTION

In the quest to reach coated conductors with higher cur-
rent performances, considerable effort has been made in the
past years to enhance vortex pinning in YBCO through dif-
ferent nanoengineering strategies.'”’ The chemical solution
deposition method to grow YBa,Cu;0,_, (YBCO) based on
triofluoracetate (TFA) precursors is probably the most prom-
ising route toward the manufacturing of low-cost, kilometer-
long coated conductors. Recently, TFA-YBCO thin films
with record pinning forces (22 GN/m? at 77 K and 2 T and
78 GN/m? at 65 K and 3 T) have been achieved by addition
of BaZrO (BZO) nanoparticles into the YBCO matrix.’ This
represents an increase of a factor 12 from the standard values
of TFA-YBCO thin films. The origin of this enhanced per-
formance has been correlated with an increase in the micros-
train, induced by the randomly oriented BZO nanodots.®
Static pinning phase diagrams in the (Hy.,T) plane obtained
using a transport methodology showed that BZO nanocom-
posites induced an isotropic-strong pinning contribution
dominating most of the phase diagram.’ In contrast, for stan-
dard TFA-YBCO films, different regions of prevalence of
isotropic-weak, isotropic-strong, and anisotropic pinning
could be distinguished.

An important question still to be solved is how BZO
nanoparticles affect pinning at very high magnetic fields and
temperatures, close to the irreversibility line (IL). ac suscep-
tibility has proven in the past to be one of the best techniques
to investigate vortex dynamic issues close to the IL.!Y Camp-
bell and Evetts!! early works, followed by others,'? settled
down the theoretical basis for the analysis of the ac response
in vortex matter. They described the existence of a linear,
Campbell regime at low ac fields, arising from the oscillation
of pinned vortices inside pinning potential wells, crossing
over to a nonlinear regime at intermediate ac fields. At high
enough ac amplitudes, a Bean critical state develops. Pas-
quini et al.'3 proposed a methodology to determine the vor-
tex phase diagram in the (H,.,T) plane including the differ-
ent ac regimes. This technique was used in the past to
analyze the vortex dynamics of as-grown and ion-irradiated

1098-0121/2010/81(18)/184530(8)

184530-1

PACS number(s): 74.25.Ha, 74.72.—h

YBCO thick films,'? pulsed laser deposition (PLD)-grown
YBCO epitaxial thin films, and coated conductors.'*

In this work, we have investigated by ac susceptibility the
vortex dynamics of BZO nanocomposites and standard
YBCO thin films grown by the TFA route, to understand the
pinning introduced by the different kinds of nanodefects
close to the IL. We have focused on the description of the ac
response in the critical-state regime at high ac fields. In par-
ticular, we have determined the activation energy for depin-
ning, U,, which is the height of the potential barrier that
vortices must overcome when hopping from a pinning site to
another. The temperature, dc magnetic field, and current-
density dependence of the energy for thermally activated
vortex motion, U(T,Hy,J), for standard YBCO™" thin
films and BZO nanocomposites is obtained. Results show
that BZO nanocomposites present distinctive dependencies
compared to as-grown thin films, which may be ascribed to
the presence of randomly oriented nanodots providing
strong-isotropic pinning.

II. SAMPLES AND EXPERIMENTAL DETAILS

Epitaxial ~ c-axis-oriented =~ YBCO- and  BZO-
nanocomposite thin films were grown on single-crystalline
LaAlOj; and SrTiO; substrates. Samples were prepared from
metal-organic precursor solutions with stoichiometric quan-
tities of Y, Ba, and Cu anhydrous TFA, with the addition of
Ba trifluoroacetate and Zr acetylacetonate.'>!7 After spin-
ning of the solution on the substrate, samples were pyrolyzed
following a short process (<2 h) (Ref. 18) in which samples
were heated up to 310 °C. Films were grown during 150 min
at a reacting temperature (between 810 and 840 °C) in a wet,
P(H,0)=22 mbar, nitrogen atmosphere with a partial oxy-
gen pressure of 0.2 mbar. Finally, the superconducting phase
was achieved by oxygen annealing at 450 °C.

Standard YBCO™ films grown by this procedure contain
both defects along the ab direction (Cu-O planes, stacking
faults, intergrowths'?2%) and in the ¢ direction (threading dis-
locations, twin boundaries, etc.2!-23).

©2010 The American Physical Society


http://dx.doi.org/10.1103/PhysRevB.81.184530

BARTOLOME et al.

The addition of BZO precursors to the initial solution
leads to the formation of YBCO epitaxial films with two
nanoparticle populations: epitaxial particles nucleated at the
substrate-precursor interface, and a major population of non-
coherent BZO particles randomly distributed in the YBCO
matrix.> Indeed, inspection of the typical x-ray diffraction
pattern of a BZO nanocomposite shows the presence of ex-
pected phases with c-preferred orientation, evidenced by the
(00¢) diffraction spots and, additionally, a randomly oriented
BZO fraction, evidenced from the diffraction ring at 26
~30°, which accounts for the (110)-BZO maximum intense
line [Fig. 1(a)].

The pole figure of the (104)/(014) diffracting plane of
YBCO in BZO nanocomposites demonstrates the biaxial tex-
ture is maintained [Fig. 1(b)]. Moreover, the in-plane and
out-of-plane misorientation spread does not vary signifi-
cantly in the nanocomposites. A® values ranging from 1.2°
to 1.3° and Aw from 0.5° to 0.6° were obtained in all studied
samples.

BZO coherent domain sizes (along c-axis direction) were
estimated from the integral breadth of the BZO line (200) by
using the Scherrer formula, D=0.9\/8 cos 6,>* where \ is
the x-ray wavelength. This expression relates the integral
breadth (B) of a given peak in the 26 scan with the apparent
domain size D along the diffracting plane normal. In order to
not overestimate the domain size, the instrumental broaden-
ing was subtracted. Sizes between ~10-20 nm were ob-
tained for the concentration range tested (4—20 mol %
BZO). These results are in agreement with nanoparticle di-
mensions determined from transmission electron microscope
(TEM) images, already reported in Ref. 5, where it was also
shown that epitaxial and random particles had similar sizes.

For this work, we considered three YBCO™™ films (A, B,
and C) with typical critical current densities (J,
=4-6 MA/cm? in self-field at 77 K), and three BZO nano-
composites with different BZO molar concentration (7%,
10%, and 13%). The critical temperature, determined from
electrical resistivity, was T.~91.5 K for all samples, inde-
pendent of the BZO content. All studied samples had the
same dimensions (5 X5 mm?), and film thickness (250 nm).

ac-susceptibility measurements as a function of tempera-
ture were performed with a Quantum Design PPMS (physi-
cal property measurement system), at driving ac amplitudes
between uoH,.=0.01-1.5 mT applied perpendicular to the
substrate. The frequency and dc field were varied, respec-
tively, between f=11-1111 Hz and 0-9 T. Transport experi-
ments were performed with the current injected parallel to
the ab planes, in 0-9 T magnetic fields applied perpendicular
to the substrate.

III. ac-SUSCEPTIBILITY RESULTS

The objective of our work was the analysis of the ac re-
sponse of standard YBCOT thin films and BZO nanocom-
posites, specifically in the Bean critical-state regime. There-
fore, we first experimentally determined the onset of the
Bean state for both kinds of films (Sec. III A). Then, ac mea-
surements were carried out at fixed ac amplitude, above the
Bean onset line. Section III B presents results on the activa-
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FIG. 1. (Color online) Structural characterization of an YBCO/
BZO nanocomposite with 10 mol % of BZO; (a) x-ray diffraction
pattern in two dimensions (26, ) obtained with a general area dif-
fraction system from Brucker. The diffraction spots of the BZO and
YBCO phases are identified. Note the coexistence of diffracted in-
tensities for BZO corresponding to textured and randomly oriented
nanoparticles; (b) pole figure of the (104)/(014) diffracting plane of
YBCO. The main four poles located at a tilt angle of y~37° dem-
onstrate the biaxial texture of the film since for a perfectly
c-oriented film this reflection only appears at such tilting. In addi-
tion, the sole presence of four peaks, 90° apart by crystal symmetry,
denotes a unique in-plane orientation. In-plane and out-of-plane
misorientation values of A®~1.3° and Aw~0.6° were obtained
for this nanocomposite.

tion energy in the Bean regime for the two different kinds of
films.

A. Onset of Bean critical-state regime

We applied the methodology proposed by Pasquini et al.'3
to determine the position of the Bean onset line H; (7)
within the general (H,.,T) vortex dynamic phase diagram.
Since the position of the H.(T) line increases with the dc
field, we chose to determine it at the smallest possible dc
magnetic field (self-field, uoHy.~35 mT), in order to guar-
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FIG. 2. (Color online) Temperature dependence of the real, x’,
and the imaginary, x”, components of the ac susceptibility, and the
values normalized to its Meissner slope, x'/x, and x"/x, for ac
fields uoH,.=0.01, 0.05, 0.1, 0.5, 1, and 1.5 mT at 1111 Hz and
self-field (5 mT) for the standard YBCO™ thin film. Inset. Deter-
mination of the Bean length from the y'/y, data through method
described by Pasquini et al. (Ref. 13).

antee that activation energy measurements at higher dc fields
(Sec. IIT B) would always fall within the Bean regime.

We measured the temperature dependence of the normal-
ized real and the imaginary components of the ac suscepti-
bility (normalized to the Meissner slope), x'/xo and X"/ xos
at different ac-field amplitudes wyH,., constant frequency f
=1111 Hz, and self-field, Fig. 2.

At sufficiently high ac amplitudes, vortices perform large
excursions outside the pinning wells and the ac response is
well described by the Bean critical state. In this regime, the
persistent current density is uniform, as determined by the
balance between Lorentz and pinning forces. Then, since J,
is independent of H,., the characteristic Bean length,

A.=H,JJ(T) (1)

is proportional to H,.. The A (x'/x;) is experimentally de-
termined according to Ref. 13 from two x'/xo(7T) curves at
,uOHgi):l.O mT and ,u,OHfé)zl.S mT, that are presumed
high enough to be in the critical regime. The method consists
of generating the function x'/xo=v'[A.Js, where vy
=H?/H) and n is the index of the n-sim ladder step in Fig.
2, inset. The curve is then well defined as a function of a
[A.]4 factor, which can be fixed assuming a particular geo-
metrical model. We obtained the absolute values of A, from
Eq. (1), considering the thin-film disk approximation, where
the critical current density is J(Tpea) =2H,./1.94¢, and that
X'/ xo at the x" peak position Tpeu is X'/ xo=-0.38 in the
Bean regime.?

From the A (x'/xo) plot [Fig. 3(a)] and using the
X'/ xo(T) curves presented in Fig. 2, we determine the Bean
length as a function of H,_ for a series of different tempera-
tures [Fig. 3(b)]. The onset of the Bean regime, H;.(T), is
determined from the deviation of A (H,.) to the linearity.
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FIG. 3. (a) Bean length, A, as a function of x'/y, obtained
through the method described by Pasquini et al. (Ref. 13) for stan-
dard YBCO™ thin film A (O) and 7% BZO nanocomposite (®);
(b) determination of the Bean onset, H; (7), from the deviation of
the Bean length A (H,.,T) from linearity, shown as example for
standard YBCOTFA film A.

Figure 4 shows the Bean H; (7) line for several standard
YBCO™™ films and BZO nanocomposites of different con-
centration. It can be observed that the H; (7) line is very
similar for all the samples studied within the experimental
error. A similar effect was observed in the vortex phase dia-
gram of PLD-YBCO thin films and coated conductors,'*
where the different kinds of defects produced a change on
the nonlinear onset curve, H;C(T), but did not influence the
H, (T) line. This result indicates that at very large ac fields,
the driving oscillations are much larger than the details of the
pinning potential washboard; hence the critical state is estab-
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Non-linear
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Non-linear
intra, inter-valley oscillations
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0.85 0.90 0.95 1.00
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FIG. 4. Bean regime onset lines H;(T/T,) within the (H,.,T)
dynamic phase diagrams in self-field, f=1111 Hz, for standard
YBCOTFA samples (O A and O B), and BZO nanocomposites with
different concentration: 7% (A), 10% (@), and 13% (M). The data
error bars are between 0.5 X 1074-1 X 10™* T.
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FIG. 5. (Color online) Temperature dependence of the normal-
ized real and imaginary susceptibilities, x'/xo and x"/xp. at
moH..=0.5 mT, for dc fields uyHy.=0, (0.005), 0.01, (0.02), 0.05,
0.1, 0.2, (0.5), 0.7, (1.2), 5.5 T (raw data at fields between brackets
have been omitted for the sake of clarity), each at frequencies f
=11, 111, 555, and 1111 Hz (from left to right). Inset. Arrhenius
plot, In(f) versus 1/Tpey for the above dc fields (standard
YBCOTFA sample A).

lished as a result of a global motion of all vortices in the
sample at similar ac-field amplitudes.

B. Activation energy in Bean critical-state regime

ac-susceptibility measurements of high 7. superconduct-
ors have revealed the importance of the frequency depen-
dence in the determination of the critical current density due
to the strong influence of flux creep. For thermally activated
vortex motion, the shift in the temperature of maximum
losses (T peq) With the frequency can be described in terms of
an Arrhenius law,!°

f:fO expl.Ue(B)/kTpeakJ’ (2)

where f; is the characteristic attempt frequency for vortex
hopping and k is the Boltzmann constant. In general, the
activation energy can be factorized as'320-28

Ue(T,Hye,J) = U(T)Ue(Hyo) UeJ) . 3)

In order to study the field dependence of the activation
energy, we have analyzed the shift of the x"(T) peak at Ty
as a function of frequency, at different applied dc fields (Fig.
5). Measurements were done at an ac field of 0.5 mT so as to
work above the previously determined uoH,.(T) Bean onset
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FIG. 6. Constant term in the Arrhenius linear fits (Fig. 5, inset)
as a function of the activation energy, for a standard YBCO™A
sample A (O) and a 7% BZO nanocomposite (@).

line within the phase diagram. Figure 5 inset shows the
Arrhenius plots In(f) versus 1/7 ., obtained at several ap-
plied dc magnetic fields.

As shown in Fig. 6, the constant terms of the Arrhenius
fits, c(Hy.), are linearly dependent on the activation energy,
U.(Hy). As extensively discussed in Ref. 28, this implies
that the temperature dependence of the effective energy bar-
riers can be assumed to be linear, ie., U, (Hgy,T)
=U,(Hy.)(1-T/T,). In that case, the constant term c(Hy.)
can be then written as c(Hy.)=In(fy)+ U.(Hy.)/kT,, and f,
and T, can be determined by fitting the ¢(U,) data. For the
standard film and BZO nanocomposite, we have obtained the
attempt frequencies f,=8X 10'° Hz and f,=2X10'° Hz,
and critical temperatures 7.,=89.3 K and 7,=88.7 K, re-
spectively.

We have determined the activation energy at each Hy, by
using [Eq. (2)]. Figure 7 plots for comparison the obtained
dc magnetic field dependence of the activation energy for an
as-grown YBCO™ thin film and a BZO nanocomposite. It
can be clearly observed that the two kinds of samples exhibit
very different U.(H,.) dependencies:

The standard YBCO™™ thin film presents a plateau at low
dc magnetic fields and a power-law dependence U.(Hg.)
o« (Hyo/ Hy)™P, with B~0.5 at high magnetic fields. The pla-
teau is associated with a single-vortex pinning regime
whereas the power-law exponent at high magnetic fields is
similar to values observed for thermally activated plastic
motion?’ or for flux pinning controlled by planar defects.3%3!
The latter would indicate that flux pinning is dominated by
twin planes, in agreement with the high density of twins
observed in YBCO thin films.?!3%33 A clearly defined cross-
over field woH s marks the transition from the single-
vortex pinning regime to the regime dominated by vortex-
vortex interaction.

In contrast, the U,(Hy.) dependence of all BZO nanocom-
posites presented a much smoother behavior, impossible to
be fitted by a power law. The values of the activation ener-
gies in self-field, U,(0), had typical values around 10° K,
similar to other published YBCO thin films,'*3* with sample
to sample variations between 0.9X10°-2.5X 105 K. The
normalized U,/ U.(0) dependence on the dc field of all BZO
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FIG. 7. Field dependence of the activation energy, U.(H.), for
(a) standard YBCOTFA samples A (O), B (0), and C(<); (b) BZO
nanocomposites with different concentration: 7% (A), 10% (@),
and 13% (W).

nanocomposites presented a distinctive, rounded behavior
compared to the as-grown films, indicating a different
vortex-pinning regime mediated by vortex-vortex interaction
(Fig. 8). The activation energy at high dc fields was always
larger than that of pristine samples. This would be in agree-
ment with the extremely high pinning forces measured for
these samples at high dc fields.’

It should be noted also that critical current-density field
dependencies, J.(Hg.), obtained from transport in self-field at
a fixed temperature (77 K) of BZO nanocomposites pre-
sented also a smoother aspect, compared to YBCO™™ thin

001 1 1 1 d 1 d d
10 10° 10" 10*  10® 10" 10° 10’
uH, (T)

FIG. 8. Field dependence of the normalized activation energy,
U.(Hy.)! U,(0), for standard YBCO™ samples A (O), B (), and
C(<©) and BZO nanocomposites with different molar concentration:
7% (A), 10% (@), and 13% ().
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FIG. 9. Field dependence of the critical current density normal-
ized by the value in self-field, JC/sz, at 77 K for a standard
YBCO™ sample A (O) with Ji'=4.5 MA/cm?, and a 7% BZO
nanocomposite (@) with J2t=5.4 MA/cm?.

films (Fig. 9). Standard films displayed a typical plateau and
a power-law dependence J./J(0)=(H/H,)™%, with a=0.5
corresponding respectively to the single-vortex and vortex-
vortex interaction regimes whereas BZO nanocomposites
present a rounded J.(H,.) dependence. This evidences that
the presence of BZO random nanodots significantly changes
the dc-field dependence in very different regions of the
(H,T) diagram.

We turn our attention now to the current-density depen-
dence of the activation energy. U,(J) was determined from
the analysis of the frequency dependence of the temperature
at a fixed value of y' proportional to J. The U.(x’) function
was obtained by fitting the Arrhenius plots In(f) vs 1/T at
different x'. Then, the x'(J) dependence was determined us-
ing Eq. (1) and the A (x'/x,) with defined units shown in
Fig. 3.

Note that U, (Hg.,J) was independently analyzed as
U.(Hyg)U.(J). In order to validate this approach, several
U,(J) were determined at different Hy, [Fig. 10(a)]. By using
the U,(Hy.) dependence found for each film, we could col-
lapse all the U,(J) curves [Fig. 10(b)], confirming that the
U.(Hy.,J) dependence could be indeed factorized in two in-
dependent terms. The U.(J) curves of standard YBCOTFA
films and BZO nanocomposites are again quite different
(Fig. 10).

The U,(J) of the standard YBCO™™ sample displays two
well-differentiated dependencies. As shown in Fig. 11, at low
current densities the curve can be fitted by Feigelman-Blatter
expression,®

J.\*
U(J) = Uc(7> 4)

with a small u=0.2 exponent (tending to a logarithmic trend
reported by others**3637) which can correspond to a vortex
pinning dominated by planar, anisotropic defects.?” At high
current densities, the curve can be fitted with a ©=0.74 ex-
ponent, similar to that predicted for a collective flux creep
regime caused for large vortex bundles ©=7/9.3" A similar
behavior has been described for PLD-grown YBCO thin
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FIG. 10. (a) Activation energy vs current density for the stan-
dard YBCOTFA sample A (open symbols) and a 7% BZO nanocom-
posite (closed symbols), at uoH,.=5 mT and dc fields uoHy.=0
(circles), 0.5 T (squares), and 1 T (rhomboids); (b) U./k(Hg.)
curves scaled according to the U (Hy.) dependence shown in Fig. 7.
Lines are guide for the eyes.

films, coated conductors,'

YBCO.%

In contrast, the U.(J) curve of the BZO nanocomposite
presents a smoother J decay, which can be fitted with u
=0.4. In this case, a single dynamic behavior is observed up
to the highest current densities scanned (J=10'" A/m?). We
suggest that this dependence may be ascribed to the
isotropic-strong pinning induced by the extended BZO de-
fects. It should be noted that a theoretical prediction of U(J)
for this kind of pinning is not available.

Summarizing, it has been found that the activation energy
dependence with the temperature, applied dc magnetic field,
and current density for YBCO™ films can be described by

_ T H_B<i)
Ue(T,HdC,J)_UO{1—<TC>]<Hﬂ) ) (5)

where, U, H,, and J, are scaling values, 8=0,0.5 (for H
<H, and H> H,, respectively) and u=0.2,0.74 (for J<J,
and J>J,, respectively).

and melt-powder-melt-growth
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FIG. 11. (Color online) Fitting of the activation energy vs cur-
rent density at woH,.=5 mT and self-dc field for a standard
YBCOTFA sample, A (O), and a 7% BZO nanocomposite (@), using
Feigelman-Blatter expression, Eq. (4).

For BZO nanocomposites, the activation energy can be
also factorized in three separate terms,

T J\#
UC(T’HdC"]) = UO l -\ f(HdC/HO) - N (6)
Tc JO
where ©=0.2,0.4 (for J<J, and J>J,, respectively). How-
ever, different from standard films, the dc-field dependence is
a function, f(Hg4./H,), that cannot be expressed as a power
law.

IV. DISCUSSION

The above experimental results evidence that YBCO™”
thin films including BZO nanoparticles display distinctive
U.(Hy) and U.(J) dependencies compared to as-grown
samples.

We believe the origin of this behavior may rely on the
presence of the randomly oriented BZO nanoinclusions in
the YBCO matrix. T. Puig et al.” showed that standard and
BZO nanocomposites have very different (static) pinning
phase diagrams. Close to the IL, defects present in standard
TFA thin films give a major anisotropic pinning contribution
(80%) whereas the isotropic-strong contribution is small
(20%) and the isotropic-weak is nonexistent. In contrast,
BZO random nanoparticles produce mainly (80-90 %)
isotropic-strong pinning whereas the anisotropic contribution
is just 20—10 %, and there is no isotropic-weak pinning.
Thus, this suggests that the addition of a major isotropic-
strong pinning contribution induced by the BZO nanocom-
posites to the preexisting anisotropic pinning gives rise to
characteristic rounded U,(H,.,J) curves, different from those
associated solely to correlated defects.

The experimental data found for BZO nanocomposites
cannot be described by any of the theoretical pinning models
available at present. Indeed, the weak-collective theory de-
veloped by Larkin-Ovchinnikob3® is applicable to pointlike
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weak defects whereas BZO induce strong, extended defects.
van der Beek et al.¥ developed a theory for sparse large
point pins (such as Y,O; inclusions) by substitution of the
elementary pinning force of a large void into the collective
pinning expression, and derived expressions for the critical
current-density field dependence in different field ranges,
however explicit expressions for the activation energy seem
not straightforward to obtain. Strong-pinning theories3>*°
have been developed to describe anisotropic pinning pro-
duced by columnar heavy-ion irradiation defects or planar
defects*! such as twin boundaries. In future, an effort should
be done to develop a full theoretical frame able to explain the
observed experimental phenomena associated to extended
isotropic-strong pinning defects.

V. CONCLUSIONS

ac-susceptibility analysis represents an attractive ap-
proach for studying the correlation between the pinning and
differently nanoengineered YBCO thin films, at the region
close to the IL. This is important toward controlling and
enhancing current properties by nanodefect tailoring.

The ac-susceptibility technique has been used to analyze
and compare the vortex pinning and dynamic response of

PHYSICAL REVIEW B 81, 184530 (2010)

TFA-grown epitaxial YBCO thin films and BZO nanocom-
posites. We focused on the study of the ac response in the
nonlinear Bean regime at high ac fields, above the onset
H; (T) line. We determined the explicit factorization of the
effective energy barrier for flux motion activated thermally,
as a function of the dc applied field, the temperature, and the
current density, U.(Hg.,T,J), for both kinds of films. Results
show that the U.(H,.) and U,(J) dependencies of BZO nano-
composites present distinctive, rounded dependencies com-
pared to as-grown YBCO™™ thin films. The origin of these
particularly rounded curves, never reported before, may be
ascribed to the presence of randomly oriented nanodots,
which provide an strong-isotropic pinning contribution close
to the IL, instead of the major anisotropic pinning induced by
other kinds of nanodefects.
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