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Summary

One of the million dollar questions in condensed matter physics is what the origin is
of high temperature superconductivity, as this knowledge could pave the way to the
engineering of room temperature superconductors which would make a huge con-
tribution to the solution of the ever increasing energy problem. After two decades of
research on the family of materials with the highest known transition temperature,
the copper oxide superconductors, there is still a lively debate on the physics respon-
sible for the unusual behaviour of the materials. The discovery at the beginning of
2008 of a completely new family of high temperature superconductors containing
iron therefore signalled a worldwide surge to investigate this new superconductor
hoping that the similarities and differences with the cuprates could shed more light
on high temperature superconductivity in general.

During the course of this Ph.D. research, the Amsterdam group hopped on the
pnictide train to add angle resolved photoemission (ARPES), scanning tunneling mi-
croscopy and spectroscopy (STM/S) and low energy electron diffraction (LEED) data
to the ever growing experimental database on these new superconductors. In this
thesis, the STM/S and LEED data are presented in chapters 4 to 7 and are mainly
focussed on one subfamily within the whole family of iron based superconductors,
namely the MFe2As2 or ‘122’ pnictides (here M = Ba, Ca, etc.). First, the cleavage
surface of this family is investigated, which is an essential part of every surface sen-
sitive technique. Using temperature dependent STM and LEED, the surface is shown
to have a barium (Ba) (or calcium (Ca), etc.) termination layer, where half of a full Ba
layer is left on each side of the cleave. This top layer mainly orders into two regular
structures, (

√
2 ×

√
2) and (2×1) respectively, or shows various degrees of disorder.

Using a simple model, all different surface structures observed in STM are explained.

With a secure knowledge of the surface structure, a spectroscopic survey of the
compound with an optimal cobalt (Co) doping concentration is subsequently per-
formed of which the results are discussed in chapter 5. The peak-to-peak separation
in tunneling spectroscopy, which is interpreted as the size of the superconducting
gap, is seen to vary significantly as a function of real space position and can change
from the maximum observed magnitude to the minimum over mere nanometers.
Knowing the surface structure deviates from the regular bulk symmetry, a possible
influence of this surface structure on the spectroscopic signals is checked to be absent
by taking cross correlations between maps of the superconducting gap magnitude
and the corresponding constant current images. As the typical length scale of the
gap inhomogeneities corresponds rather well to the Co-Co separation, scattering ef-
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9. BILAYERED LA2-2XSR1+2XMN2O7 : POLARONS ON THE VERGE OF A METALLIC

BREAKDOWN

fects of the Co dopant atoms are suggested to play a role in the gap inhomogeneities.
In the cuprates, spatial variations in the peak-to-peak separation on the order of

nanometers have in the past been reported in literature, but these were eventually
shown to be linked to the so called pseudogap, a gap that does not close at the super-
conducting transition temperature, Tc, but extends to well beyond it. The supercon-
ducting gap, on the other hand, which was extracted after division of spectra taken
above and below Tc, showed much less spatial variation in magnitude. To investi-
gate whether the variation of the peak-to-peak separation in the pnictides is also due
to a pseudogap or truly a variation in the size of the superconducting gap, tempera-
ture dependent spectroscopy was performed. From these measurements, presented
in chapter 6, where tunneling spectra are recorded at the exact same locations at var-
ious temperatures both below and above the bulk Tc, a pseudogap scenario as seen
in the cuprates is excluded.

From a doping dependent study, and by comparing the variation in supercon-
ducting gap magnitude of ‘122’ systems with a different dopant element, the origin
of the spatial variations in gap magnitude is further investigated in chapter 7. It is
suggested that scattering effects from Co dopants in the superconducting Fe-plane
are responsible for numerous anomalous behaviours and that care should therefore
be taken in the interpretation of the reduced gap values in these systems as deter-
mined from STS and ARPES measurements. Further experimental and theoretical
study of scattering of different dopant atoms on the atomic scale is expected to lead
to a better understanding of the microscopic mechanism behind superconductivity
in the pnictides.

Before the pnictides entered the scene of condensed matter physics, the main
focus of this Ph.D. research was the investigation of the colossal magnetoresistant
manganite La2-2xSr1+2xMn2O7. The colossal magnetoresistant manganites as a family
display a wide variety of exotic phases ranging from charge and orbitally ordered
insulators to double exchange metals, phases which can change into one another
by varying the electron or hole doping concentration only slightly. What makes the
materials especially remarkable is the incredible sensitivity to a magnetic field of the
transition from a low temperature metallic phase to a high temperature insulator at
a wide range of doping concentrations. Near the transition temperature, an external
magnetic field can lead to a change in resistivity of several orders of magnitude: the
colossal magnetoresistant effect.

The exotic phase diagram of the manganites is commonly explained by the strong
competition between charge, orbital and spin degrees of freedom. Due to a strong
Hund’s rule coupling, the spins on neighbouring Mn atoms tend to align parallel to
enhance hopping of electrons via double exchange. However, energy gain via lattice
distortions forces the spins to align anti-parallel via the super-exchange mechanism
leading to an insulator. A slight change in doping concentration (i.e. occupation of
the Mn3d orbitals) and temperature can alter this fine balance between these two
main players, leading to a completely different behaviour.

Even though this physical picture to describe the phase diagram is appealing,
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Summary

the detailed mechanism driving the colossal magnetoresistant (CMR) effect is still
under debate. As the bilayered manganite La2-2xSr1+2xMn2O7 displays the largest
CMR effect and has a natural cleavage plane, this material is best suited to investi-
gate using surface sensitive probes such as STM/S and ARPES. Various bulk probes
have shown that this material is in fact not a double exchange metal, but a poor metal
at most with unequal bond lengths and polaronic correlations well into the ‘metal-
lic’ phase. In contrast, sharp quasi-particle peaks have been observed in ARPES
investigations signalling a truly metallic state, an observation that seems to link the
manganites to the cuprates as a nodal metal. In a combined ARPES and STM/S
investigation, of which the latter part is related in chapter 9, it is shown that even
though nodal metallicity is an interesting proposition, it is not a requirement for the
CMR effect. In fact, across the ‘metallic’ region of the phase diagram (with the ex-
ception of a singular doping concentration at x=0.4) the low temperature phase is
shown to be an essentially polaronic system with poor hopping, where - at the sur-
face - polarons2 can freeze into a semi regular structure. On the other hand, small
regions where not the bulk bilayered structure, but a structure with a different stack-
ing number resides, are argued to be the reason for either more insulating (N=1)
or truly metallic (N>2) behaviour seen with STM and ARPES. During the STM/S
investigation presented here, one such single layered intergrowth was seen as de-
duced from the more strongly gapped tunneling spectra, the clear atomic resolution
and the height of a nearby step edge. These new insights, where the bilayered man-
ganite is seen as a fragile, polaronic, bad metal state at low temperature teetering
at the edge of a transition into an insulting, charge and orbitally ordered state, and
where stacking faults are seen as the cause of numerous anomalies, unite all seem-
ingly contradictory reports in the literature and supply all the ingredients for the
CMR transition.

Aside from the main research presented in chapters 4 to 9, several calibration
measurements, software procedures and technical details on for instance the art of
making sharp tips for STM are discussed in the appendices.

2these polarons are not strictly lattice polatons, but could for instance very well be spin- and/or
orbital polarons or Zener polarons
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