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Terahertz radiation from the mesa structures of Bi,Sr,CaCu,Og.;(Bi2212) discovered in 2007 is one of the
typical giant quantum synchronization phenomena, in which gauge-invariant phase differences of the
stacked Josephson junctions attributed to its crystal structure are oscillating synchronously. These
phenomena provide not only academic importance but also potential implementation for a coherent terahertz
source, which fills so-called the terahertz gap. The objective of this project is to clarify the systematic
change of properties of the terahertz emission from Bi2212 by controlling material parameters and
geometries of mesas and electrodes very carefully.

This project has brought following achievements. (1) THz radiations from Bi2212 mesa structures are
detected in samples with thin electrodes < 100 nm. In samples with thick electrodes ~ 400 nm, neither
radiations nor voltage jumps in current-voltage characteristics are detected. This suggests that the thin
electrode helps excite the Josephson plasma oscillation as a result of the poor heat flow through the
electrode. The shielding effect by the electrode is not essential. We consider that the local temperature rise is
the origin of the synchronization of the phase kink for terahertz radiation. (2) Home-made high-resolution
FTIR spectrometer has revealed the linewidth of the emission spectra is less than 1.0 GHz. Frequency of the
radiated electromagnetic wave varies between 0.47 and 0.53 THz as a function of temperature and
bias-current. The temperature and bias-current dependence of the radiation frequency is roughly explained
by considering change in the Swihart velocity, the propagation velocity of electromagnetic waves inside the
Josephson junction. However, change of the number of the working layers found in the experiments is
interpreted that the superconducting substrate underneath of the mesa helps the synchronization.




