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During my stay at Kyoto University the students of Prof. Maeno's physics group taught me
how to grow and characterize single crystals (crystals having no grain boundaries) of the
superconducting material Sr2RuO4. Moreover, we discussed how those crystals could be used
for specific experiments on electronic transport.
In the following, I will try to summarize what I learned from the students by briefly
illustrating the main fabrication steps of Sr2RuO4-single crystals:
The base materials for the production of Sr2RuO4 are Strontium carbonate and Ruthenium
oxide.
Since the white SrCO3-powder is hygroscopic, one starts with a drying process for which
about 10g of this raw material are heated in an alumina crucible to 500°C.
For mixing the two ingredients, one first weighs about 5g of the more expensive black RuO 2powder. Then the amount of SrCO3-powder is adjusted to have 15% more RuO 2 in the batch
than would be needed stoichiometrically. By experience, this excess amount of RuO 2 is found
to be needed to compensate the losses due to Ru evaporation during the growth.
The black and white ingredient are mixed with the help of mortar and pestle until the
resulting powder is homogeneously gray, even when pressure is applied. Next, the total
amount of the mixed powder is successively compressed into 5-7 pellets by pressing each with
the equivalent force of 200kg for 5 minutes.
In order to convert the base materials into Sr2RuO4, these pellets are baked at 1150°C for
more than 30 hours. This long sintering period guarantees that the released amount of CO 2
and O2 has enough time to leave the compound by means of diffusion. (For all the baking steps
it is important to make sure that the Sr2RuO4 does not directly touch the alumina crucible,
since that could lead to unintentional Al contamination. Here, the pellets are bedded on a layer
of Sr2RuO4-powder. )
When the first baking step is finished the pellets are crushed and again, milled into a fine
powder. As mentioned, this powder is already Sr2RuO4, but so far it is polycrystalline. In order
to grow a high quality single crystal the floating zone (FZ) method is used, which allows to
fabricate crystals with very few impurities.
In preparation for the FZ growth, two 6mm-diameter rods are fabricated out of the powder.

For reasons of rigidity these rods are formed by applying a hydrostatic pressure with the
equivalent force of 400kg for 5min, followed by a baking process at 1420°C. Each rod can then
be used as a feed for the growth of one single crystal.
The FZ growth itself is the most tricky part of the fabrication process, since it is rather
complex with several independent parameters to adjust. However it is beyond the scope of this
report to describe all the details. In short, the polycrystalline Sr2RuO4 is melted and
subsequently solidified under certain boundary conditions as, for example, temperature,
applied pressure, stirring of the liquid zone, usage of a specific seed crystal, speed of the
process, etc.
Actually, the floating zone method is a way to grow crystals without using a crucible, since the
feed rod is freely suspended and the melted zone (which is occurring in the focal point of the
image furnace) is only held in position by surface tension. Properly done, the result of such a
growth is a single crystal of several cm length and a nearly rectangular base area of about
2.5mm times 3.5mm.
During my stay in Kyoto I participated in the successful fabrication of a total of six such
Sr2RuO4 single crystals. Half of them will remain in Kyoto for further studies by the local
graduate students and half will go to Karlsruhe Institute of Technology.
Besides the actual fabrication process (which takes about one week per crystal) it is also
necessary to characterize the physical properties of the obtained Sr2RuO4, which allow to
judge the quality and the applicability of each sample. Therefore, the superconducting
transition temperature was determined by means of low temperature AC-Susceptibility
measurements. Additionally, several samples have been studied by Laue x-ray diffraction and
have been polished in order to detect the level of Ru-inclusions by optical microscopy. Again,
during all these activities, I have been instructed and monitored by local graduate students.
Beside the actual sample manipulation, the scientific discussions and seminars have also been
a very important part of my stay. For instance, directly in my first week in Kyoto I gave a talk
on Andreev transport in superconductor-ferromagnet hybrid structures. During this talk I
tried to give the members of Prof. Maeno's group an understanding of the fabrication and
measurement methods we use in Karlsruhe. In fact, the working group is holding this kind of
regular seminars, so that the students have the chance to exchange interesting aspects of the
different research projects.
In addition to those seminars, I attended several meetings with Taketomo Nakamura (a second
year graduate student) and Prof. Maeno in which we analyzed recent experimental data.
These small meetings, in which we also discussed measurements planned for the near future,
have been very fruitful. For example, the crystals fabricated during my stay, will probably
lead to two more international cooperation: one on thermal expansion of Sr2RuO4 and one on
neutron scattering.
In conclusion, my stay in the institute has benefited the local graduate students mainly
through the necessity to explain and communicate ideas as well as working methods to a
novice in the field – especially since they had to do so in English. Sometimes we have also been
confronted with cultural differences in the way one tackles a problem, but finally the students
and I learned that it is always worth listing to the other approach.
Closing, I would like to thank the BIEP committee for giving me the opportunity to interact
and most notably learn from these very courteous and skilled colleagues.

Illustrations showing some of the previously described activities (from the upper left to the lower right):
Weighing of the Sr2CO3-powder; Mixing of Sr2CO3- and RuO2-powder; Fabrication of the pellets; First
baking at 1150°C; Crushing the pellets; Preparation of a rod; Applying hydrostatic pressure; Feed rod ready for FZ-growth; Open image furnace with seed and feed; Camera image of the FZ process, while
disconnecting the feed after successful growth; example of a single crystal, already cut into small
homogeneously grown sections (in parts cleaved); polishing of a crystal; orientation with respect to a certain
crystal plane by means of Laue alignment; setup for the low temperature measurement of the magnetic
response, which is used for characterization purpose; one result of such an AC-susceptibility measurement.

Picture of me and our first crystal

