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High Field Studies of Electron-doped Cuprate Thin Films
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Introduction

The evolution of Fermi surface through Shubnikov-de Hass (SdH) oscillations has been observed in single crystals of the electron-doped cuprate superconductor Nd2-xCexCuO4 (NCCO) over a limited cerium doping range([1]. With the ability to stabilize a wider range of cerium concentrations in thin film form, it is possible to expand on the doping dependence of the Fermi surface evolution observed in NCCO. Recently, SdH oscillations have been observed in the nominally undoped, superconducting cuprate Pr2CuO4 [2] as well in the cerium doped, x(=(0.14, Pr2-xCexCuO4 [3] (PCCO) compounds in thin film form. The work presented here reveals SdH oscillations at two additional dopings in PCCO thin films, as well as for optimally doped La2-xCexCuO4 (LCCO).
Experimental


Thin films of PCCO and LCCO were grown using a pulsed laser deposition technique and patterned into Hall bar geometries using mechanical milling. Four cerium concentrations of PCCO were prepared in the optimal to overdoped region of the doping phase diagram (x = 0.15, 0.16, 0.18, and 0.19).  An optimally doped (x = 0.11) LCCO sample was also prepared. The magnetoresistance studies were performed in magnetic fields up to 80 T at the pulsed-field magnet laboratory at LANL. The field was applied along the c-axis with the current applied in the ab-plane. The temperature range under study was between ~ 0.5 K and ~ 25 K in the 80 T magnet system. 
Results and Discussion


Figures 1(a) and (b) show the magnetoresistance for the x = 0.16 PCCO and the x = 0.11 LCCO films in applied fields up to 80 T. The insets show the background subtracted SdH oscillations for these particular samples. Oscillations were also observed in the PCCO x = 0.15, but not in the x = 0.18, 0.19 samples.  Analysis of the oscillations yield qualitatively consistent results for the effective mass, the oscillation frequency, and the Dingle lifetime, as those published in the literature for PCCO and NCCO.  The observation of SdH oscillations in LCCO, however, is new and exciting. In this compound, the TC-doping phase diagram is shifted to lower dopings relative to PCCO and NCCO. As a result, the end of the superconducting dome (~ x = 0.18) is within the solubility limit for thin films (~(x(= 0.20) allowing for the possibility of measuring SdH oscillations in the Fermi liquid regime. This is not possible in PCCO and NCCO.
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Fig. 1 Magnetoresistance of (a) PCCO (x = 0.16) and (b) LCCO (x = 0.11) thin films in fields up to 80 T.  The insets show the background subtracted SdH oscillations.








