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The AC susceptibility (', ¢") has becn mcasured in o single orysial of the organic superconduotor -
(ET),Cu(NCS), (T, = 9.5 K) as a function of the DC magnetic ficld, for severa) frequencics (10° Hz <f <10
Hz) and different AC fields (1pT <h,, <300°T) at fixed temperaturcs.

Nonlinear AC responsc appears ebove 10 pT. We have studied this nonlincar regime and obtained the
magnetic field and frequency dependence of the critical current density with a critical state model. J, shows an
exponcntial decrease as o function of the magnctic fickd und inoreases with increasing frequency. This results
may be understood in terms of the coliective pinning theory,

‘Despite their relatively low critical temperatures,
organic superconductors have atiracted a lot of
interest beoause of steady progress in obtaining
highot-T, materials and due to their unusual
superconducting and normal state physicel properties.
On the other hand, they exhibit a number of features
(layered structure, anisottopy, short cohcrence
lengths) that are similar 1o those of the High-T,
supcrconducting ouprates.

‘In this paper we roport on the field end frequency
dependence of the AC susceptiblity of the organic
superconduotor x-(ET),Cu(NCS),. This technique
has proved to be a very useful tool in the study of
flux dynamios in type Il superconductors {1,2].

The single erystal of k-(ET),Cu(NCS), was grown
by electrocrystallization [3] The crysial was platelet
like with average dimensions 2 x 1 x 0.2 mm’. Both
the AC and DC magnctic fields (hereafter h,, and
H,,, respectively) were applicd perpendicular to the
platc planc, this is, perpendicular w0 the oonducting
organic layers (be plane of the monoclinic structure).
The zero field suscoptibility transition occurred ut
9.5 K, with a transition width of 0.25 K.

We have measured both the in phasc ' and out of
phase %" components of the AC susceptiblity (y=x"

iy™ with a 7225 Lukeshore susceptometer at -

different constant temperatures (£ 20 mK). 11, field
wus increased in S mT steps up 10 0.3 T, and ac

responsc was recorded for h,, = 1, 10, 100, 300 uT
at cach point.

The fiold dependence of the susceptibility (H1) at
S.SK is shown in figure 1 for two different
frequencics (333 Hz and 3310 Hz). Linear responsc
is only found in the low field region near perfect
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Figure 1. AC susceptibility wr'5.5 K, for a) f=333 Hz
and b) 3310 Hz, h,, = 1y T-Q, 10pT, 100 uTv
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diamagnetic shiclding. A strong dependence on h,,
amplitude is found a1 the transition. For higher.
frequencies both the transition and the onset of
nonlincarity are delaycd to higher Hy, indicating a
smaller penetration of the AC field inside the
sample. Upon increasing temperature this nonlinear
behavior cun be found almost from the lowest 11,
considered, however it can be completely attributed
to nonlinear vortox response since pgh,, <30 uT<<
ImT< Wll, , that is, h  is always a small
" perturbation with respect to the applied H,,.

This behavior san be undersiood considering that

the sample is in a critical state with ctitical eurront
J(TH,). We observe a linear response whilc the
current induced by the ac ficld is J~h << J,, as it
increasos JxJ, and 7 is given as a function of the
Bean penetration depth A =h,/J.. We can thus obtain
the field and frequency dependence of J, using the
following invetsion procedure {4). For a fixcd valuc
of ¥'(h,, Hy)=c, A is also fixed and J, = Ah,,. We
may plot pairs of points A(c)h,, vs 1, choosing the
AMc) values to oblain a smooth ourve. A f{s
normalized assuming full penetration at the peak in
%" In this way we also find the function ¥(A) for
our sample geomelry. It is somchow different from
the theoretical prodietion for an infinite cylinder, but
it does not depend eihter on frequency or on
temperature, as expected. This is reusonable in view
of the high domagnetizing factor of our sample
N=0.7.
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Figure 2. Critical current vs H,, at 7.5 K for £=110
Hz @ , 330112V ,and 3310 Hz V¥,

The data taken at h,, = 1uT always lied below the
smooth curve obtaincd for higher b, therefore
suggesting that the eritical siate haanot been reached
yet and the current flowing in the sample is much
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smallcr than J,. The ficld dependence of the critical.
current at 7.5 K for 110 1z, 333 [{z and 3310 Hz,
obtained in such a way is shown of figure 2. At low

H,, it shows an exponential decrease thut may be

expressed as
J = 3 (H,=0f)exp(-aH?) -

with a frequensy indcpenduent churactoristic constant
a = 930 T and 165 T for 7.5 K and 5.5 K
respectively. At 7.5 K there is wlso a steeper
decrease towards 3=0 after a frequency independent
crossover ficld poH.\®0.02 T, This may be
interpreted in terms of collective pinning theory in
the small bundle regime 5], that predicts

Jo~exp(-20(LJeo))

where ¢ is o constant of order unity, L, is the vortex
coherence length and oy the vortex lattice constant,
A crossover 1o a large bundle regirae thould oceur at
#oH yeuee GOTTSPONding t0 L, = 0, We find L %300
nm and c=1.5 in this case.The zero ficld coritical

current increases with frcquency as expected fora -

thermal activation mechanistn, ‘

In summary, we have studied the AC suseeptiblity
of the organic superconductor x~(ET),Cu(NCS), in
the nonlinear regime. The field dependence of J, can

be interpreted in terms of collective creep in the

small bundlo rogime.
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