Heating-free Interlayer Tunneling Spectroscopy on Bi2Sr2CaCu2O8+x Natural Junctions
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A pseudogap (PG) in the normal-state quasiparticle density of states of high-Tc superconductors has been revealed in many different kinds of experiments. Investigating the correlation between the PG and the superconducting gap is believed to be essential to understanding the mechanism of the high-Tc superconductivity. The interlayer tunneling spectroscopy (ITS) using Bi2Sr2CaCu2O8+x high-Tc natural junctions, excluding the surface-dependent effect encountered in ARPES or in the scanning tunneling spectroscopy, is one of the most accurate means to examine the electron spectral characteristics both in the superconducting and the normal states. In this study, a constant-temperature interlayer tunneling spectroscopic technique, excluding the self-heating effect using the in-situ temperature monitoring combined with the digital proportional-integral-derivative (PID) control, was performed on stacks of both underdoped and overdoped Bi2Sr2CaCu2O8+x natural junctions. 

The onset temperature of the PG, revealed in the hump structure of the electronic excitation spectra, reached nearly room temperature for our overdoped intrinsic junctions, which represented the genuine PG onset. At a temperature below but close to Tc, both the superconducting coherence peak and the PG hump coexisted, implying that the two gaps are of separate origins. The hump voltage increased below Tc, following the superconducting gap voltage, which led to a conclusion that the hump structure below Tc in our ITS arose from the combined contribution of the two different quasiparticle spectral weights; one of the superconducting state and another of the PG state near the antinodal region.
In a certain range of temperatures near Tc the bias-dependent tunneling spectral distribution shows the peak-dip-hump structure. The highly accurate spectra without the local heating, for varying temperature and magnetic field, reveal that the excessive spectral weight forming the superconducting coherence peak is mainly contributed from the dip position of the PG structure for all doping levels examined. The total state was conserved for any spectral redistribution due to temperature change or magnetic field application. The smaller shift of the spectral weight from the subgap region to the coherence peak upon the superconducting transition for overdoped samples is believed to be due to the reduced Fermi arc near the () point. The observed U-shaped subgap structure is consistent with the weighted antinodal tunneling between Cu-O double layers in a junction as suggested also by the angle-resolved photoemission spectroscopy measurements [1]. 
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