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Prospectus
Presently, the application of superconductivity is limited by the low temperatures at

which the phenomenon occurs. Little progress has been made towards high temperature
superconductivity since the 1980s, until magnetic measurements of potassium doped p-terphenyl
by Wang et al. suggested superconductivity at temperatures possibly as high as 123 K. However,
resistance measurements of p-terphenyl have this far been prevented by imperfections in the bulk
structure, likely a result of the production methods. This project will be an investigation into the
growth of thin films of doped p-terphenyl in ultra-high vacuum (UHV), and the characterization
of relevant properties of the produced materials.

An attachment has been built onto Dr. Dessau’s UHV photoemission chamber that has
samples of p-terphenyl and potassium in separate arms, each with a heat source. The main part of
the attachment houses two temperature controlled extensions, one with a piezoelectric crystal
and the other with a substrate with pre-made electrical contacts. By sublimating the two
components and allowing them to deposit on the cryogenically cooled extensions, doped material
of varying composition can be grown. The piezoelectric crystal measures the frequency of
oscillation, which is directly dependent on mass, allowing us to calibrate the deposition rates of
each component. The substrate has electrical contacts for taking four-point resistance
measurements, so we can monitor the resistance as a film is either grown or cooled past its
critical temperature. Further, a sample can easily be transferred into the main part of the
instrument for spectroscopic characterization. Together these techniques provide a promising
method for growing and characterizing superconducting material with a continuous conducting
path.

Timeline
Some tasks will likely be done throughout the project. These include purification of
terphenyl via zone refinement and sublimation, glovebox maintenance, and writing portions of
the thesis. The timing on other elements will depend on other components of the experiment. For
instance, resistivity will need to be measured via different tools, one for high resistance and one
to measure the low resistances if superconducting material is made. The latter will only become
relevant later in the project if at all, so the timing given here is an optimistic projection.
*  October- Start growing thin films of doped material. Begin by measuring transport via
resistivity, looking for a sudden drop in resistance. Vary parameters as time permits
* November- Focus more intensely on varying parameters, including which material is
deposited first, the substrate used, the ratio, deposition temperature and deposition rate. If
low resistivity is observed, begin measuring via a DC bridge for zero resistance
* December-February Test more parameters, hopefully measuring for zero resistance.
Depending on the success of the growths, potentially start doing photoemission
spectroscopy. Focus increasingly on writing the thesis.
* March- Focus on writing thesis as needed to ensure that it is ready to submit. Collect final
data.
* April- Finalize and defend thesis.
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