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In the high-7c cuprate superconductors, which have unusual
superconducting parameters, the vortices largely fluctuate and are not
permitted to form the Abrikosov lattice in higher field (H) and temperature (T)
region in H-T plane. The first-order phase transition corresponding to the
vortex lattice melting was observed in resistive, magnetic and thermodynamic
measurements. In the BEDT-TTF (ET) molecule-based organic superconductors, the
large London penetration depth due to low carrier density and the high
anisotropy due to layered crystal structure are considered to enhance the
fluctuations of the vortices like the cuprate superconductors. There are many
ingredients which affect the vortex state, such as pinning mechanism, anisotropy
parameter and coherence length. These parameters span different ranges of
values between organics and high-7. cuprates. Therefore, study of the vortex
state in the organic systems léads toyéomprehensive understanding of the quasi-
two-dimensional vortex system. The purpose of this thesis is clarifying the
vortex state of the quasi-two-dimensional ET-based superconductor, « - (BEDT-
TTF) :NH«Hg (SCN) « (« -<ET), which has a layered structure with thick anion layer.
This structural characteristics is expected'to give high anisotropy in the
superconductivity in this material. This is the reason why this salt was
chosen in the present study. The superconductivity in a zero field and the
vortex state under magnetic fields perpendicular to the conducting plane were
investigated by means of resistive and inductive measurements.

The «-ET salt is known as an organic conductor which shows
superconductivity around 1K. First of all, the normal state property was
investigated through the resistiVebmeaéuremeﬁts. One of the most important
results is that the anisotropy'of4the normal state conductivity, o/ /ol,
amounts to 10°~10°. This value is lager than any other organic
superconductor’s. It is noted that the anisotropy of k-ET (k -(BEDT-TTF) =
Cu(NCS):), which can be viewed as a Josephson-coupled system through several
experiments, is about 10°. Therefore, the enhanced two-dimensional character is

expected to manifest itself in the superconducting state in the present

material.

In order to characterize the superconducting state of this material,
electrical resistance and ac susceptibility, y=yx'-'y'’, were measured in a
zero-field condition attained by double x-metal shields (a residual field was

1m0e or lower). Gradual decrease of in-plane resistance (I - Conducting plane)
and the very small diamagnetic signal of in-plane ac-susceptibility (hael
//conducting plane) due to superconductivity appear around 2.3K. The in-plane

diamagnetic signal increases rapidly around 0.9K, where in-plane resisfance
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vanishes asymptotically, and reaches nearly the perfect Meissner value at 0.8K.
The bulk transition temperature is considered to be about 0.95K, which is
consistent with specific heat jump. These results imply that a quasi-
superconducting state exists above 0.95K. This phenomenon is reminiscent to the
Kosterlitz-Thouless behavior, which also shows nonlinerity in the I-V
characteristics as was observed in some samples but with less reproducibility.

On the other hand, in the out-of-plane configuration (h.. conducting
plane), y ' starts to appear at 0.95K but reaches only 20 percent of a full
Meissner value even at 0.4K. This fact indicates that out-of-plane penetration
depth, A , is comparable to the sample size. Assuming an exponential
penetration of field into the sample, A can be calculated from y ', a value of
l.4nm at OK was obtained. If A is of the same order of the sample size, the
value of y' should strongly depend on the crystal size. Then y' of five
crystals with different dimension was examined. It is confirmed that all the
results were explained fairly well by the same value of A . Because 2
reflects the strength of out-of-plane coupling of superconductivity, such a
large A value means a very weak out-of-plane coupling. Assuming the in-plane
value of penetration depth estimated from the carrier density, anisotropy of
penetration depth turns out to be in a rang of 1800-8000, which is consistent
with the anisotropy of resistivity because of the relation of A /4 =
(o// /04)'”%. Thus, all these results indicate that this material is the most
highly anisotropic quasi-two-dimensional organic superconductor, which can be
modeled as a weakly Josephson-coupled system.

Such a two-dimensional superconductor is expected to have complicated
H-T phase diagram, which is discussed extensively in the BSCCO (Bi:Sr:CaCu:0s+s).
In the latter part of the present work, the vortex state in this compound in dc
fields perpendicular to the layers was studied. It should be emphasized that,
because of the huge anisotropy of the superconductivity, the Josephson length,
y s, becomes comparable or larger than in-plane penetration depth, Ay , at low
temperatures for the present material, where y is the anisotropy parameter.and s
is the interlayer spacing. The coupling energy of the pancake vortices consist
of the Josephson contribution and the electromagnetic one, of which the typical
energy scales are ¢&/y *s® and d/Ay * respectively, with &, the flux quantum.
In this sense, the electromagnetic coupling plays an important role in the out-
of-plane correlation of pancake vortices in «-ET, while the correlation .of
vortices in BSCCO and x-ET is dominated by the Josephson coupling. This
feature distinguishes the present system from other systems and therefore may
affect the vortex state, giving a new H-T phase diagram.

From measurements of specific heat in dc fields, the mean-field Hecz

line was determined. It was found that Ginzburg-Landau coherence length is
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500 Z which is one order of magnitude larger than those of BSCCO and k-ET.
The measurements of in- and out-of-plane ac susceptibility in fields gave a
characteristic boundary, which characterizes drastic change in vortex mobility
signed by a sharp onset of ac-y, far below H.: line in the H-T plane. This
result suggests that the vortex liquid state exists in a wide field and
temperature range below He: line. Interestingly, the out-of-plane resisfivity
is found to vanish at a well-defined region in between the two lines. This is
interpreted to reflect progressive growth of the out-of-plane correlation in
the mobile vortices. If the onset of the inductive transition corresponds to
the vortex lattice melting and the vanishing of out-of-plane resistibility
means dimensional crossover of pancake vortices, these lines can be well
explained by the recent Blatter's theory taking account of the electromagnetic
coupling within the reasonable values of superconducting parameters.

In summary, the superconductivity of the layered organic super-
conductor, «-(BEDT-TTF):NH«Hg(SCN)s, was investigated by the resistive and
inductive measurements. It is uncovered that this system is the quasi-two-
dimensional superconductor with the highest anisotropy among the organic systems.
Through the measurements in dc fields, the three characteristic lines were found
in the H-T plane. The first one is the H.: line. The second one is the line
which characterizes drastic change of vortex mobility. And the third is the
line indicating the rapid growth of the out-of-plane correlation, suggestive

of the dimensional crossover of the mobile pancake vortices.
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