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High Field Studies of Electron-Doped Cuprate Thin Films
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Introduction

The high transition temperatures and critical fields of the hole-doped cuprate superconductors continue to challenge our basic understanding of superconductivity and promise important technological advances. The electron-doped (n-type) counterparts of the hole-doped cuprates have an advantage in that the magnetic field needed to quench superconductivity is much lower, on the order 10 T at optimal doping. This makes it feasible to study the doping dependence of the Fermi surface evolution through quantum oscillations across the superconducting dome. Single crystal work on n-type Nd2-xCexCuO4 (NCCO) has demonstrated such an evolution over a limited doping range [1]; one limiting aspect being the cerium solubility in single crystal growth. 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, quantum oscillations have been observed in the nominally undoped, superconducting cuprate Pr2CuO4 (PCO) in thin film form [2]. Therefore, a thin film study of the n-type cuprate Pr2-xCexCuO4’s (PCCO) doping dependence of quantum oscillations will shed light on the Fermi surface evolution across the phase diagram.  
Experimental


Thin films of PCCO were grown using a pulsed laser deposition technique and patterned into Hall bar geometries using mechanical milling. We chose two cerium concentrations corresponding to optimally doped (x = 0.15) and overdoped (x = 0.18) compounds, with several films prepared for each doping. The magnetoresistance studies were performed in the 65 T 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 1.5 K and ~ 20 K.
Results and Discussion


Figure 1 shows the resistance versus applied magnetic field at several temperatures for one of the optimally doped films. At lower fields and temperatures, a negative magnetoresistance evolves into a positive magnetoresistance as the field is increased. The behavior becomes purely positive at higher temperatures. In the high field, positive MR regime, quantum oscillations are observed in the optimally doped samples (not shown). Our initial analysis agrees with previously reported results on NCCO and PCO. Oscillations, however, are not seen in the overdoped samples within this field range. The oscillations observed in the overdoped NCCO were roughly an order of magnitude smaller than in the optimally doped sample. Assuming a similar case for PCCO, any oscillations in the overdoped sample would be below the noise floor of the measurements in this field range. To remedy this possibility, higher fields and larger sample resistances would raise the signal to noise ratio.
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Fig.1 Resistance versus applied magnetic field for an optimally doped thin film.









