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ABSTRACT

Superconductors are of high interest in many fields besides physics,
due to their potential energy saving nature. Hence, they exhibit zero
resistance below a critical temperature Tc. Possible applications for
superconductors are strong electro magnets, SQUIDs, loss—less electric wires
Quantum Computers (e.g. d-wave), etc. The biggest problem in applying
superconductors more widely lies in the still very low Tc. However, increasing
Tc strongly requires researching superconducting materials on the energy and
nanoscale regime.

Currently, the superconductors with the highest Tc¢ under ambient
pressure are Mercury (Hg)-based cuprate superconductors, whose Tc is about 150
Kelvin. The Bi-based cuprate superconductors researched at our lab, with a
similar crystal structure to the Hg-based cuprates also show a relatively high
Te (~94 K) and are environment-friendly due to the absence of Hg. Bi-based
cuprate superconductors have intensively been studied concerning the origin

of high Tc superconductivity (SC) and in relation to improving Tec.



Impurity effects have the potential to reveal important information
about the characteristics of the electronic properties, leading to clarifying
the origin of superconductivity. Recently, impurity effects of Iron (Fe), which
is substituted for Copper (Cu) inside the Cu-0 layer, attract much attention
since they cause a large suppression of Tc with an enhancement of the magnetic
correlation similar to that of the so—called stripe order. In the present study,
I have studied the effects of Fe on superconducting quasiparticles in Bi—based
high-Tc cuprates by using Scanning Tunnelling Microscopy and Spectroscopy
(STM/S), where the single crystals of which the samples were cut from have been
grown using the floating zone method.

The STM/S data of the Fe—-doped and the Fe—free (pure) Bi-based cuprate
superconductors were measured at around 8K. The spatial distribution of the
LDOS spectra were measured over a field of view, covering more than ten thousand
measurement points with a spatial resolution well below the atomic nearest
neighbour distance. The STS spectra were analysed using a self-developed
reduction framework. Using the independent algorithms, I have revealed and
characterised distortions, produced by the convolution of instrumental and
intrinsic perturbations and recovered the atomic, and electronic position
information as well as impurity—-sites in three dimensional image data. Based
on the recovered STM/S data, I evaluated the influence of the quasiparticle
lifetime broadening ' on the energy gap properties such as amplitude, shape
and spatial distribution. It was found that the energy gap amplitude A and
I largely depend on the spatial position and the local concentration of Fe,
not only on the surface but also in the bulge of the sample. Further, by
decoupling A from the influence of I, it was shown that A more strongly
correlates with the topographic structure of the BiO layer than T, which

correlates only weakly.
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