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Anisotropic Magnetoresistance Effect in the Ordered Cubic Systems
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Zeng, B.; Zhang, Q. and Balicas, L. (NHMFL, FSU)

Introduction

 A material with large differences in resistivity between the direction of the ordered magnetic moments and current direction (anisotropic magnetoresistance, AMR) can be useful for the development of an electronic device such as nonvolatile memory. Especially, those materials without simultaneous magnetic fields, like antiferro-magnet or quadrupole (orbital) ordered system, are more useful for device applications. In this report, we focus on the relation between current direction and magnetic field directions for two cubic correlated electron systems: the pyrochlore antiferro-magnet Nd2Ir2O7 with Neel temperature, TN, = 30 K and the quadrupole ordered system, PrV2Al20, with quadrupole ordered temperature, TQ, = 0.6 K.
Experimental 

Single crystals of PrV2Al20 were synthesized via an Al self-flux method, using a home-made vertical tube furnace. Single crystal samples of pyrochlore Nd2Ir2O7 were also grown by a KF-flux method. The magnetoresistance was subsequently measured in applied magnetic fields up to 18 T in the He3 refrigerator, in which a rotator probe was utilized at SCM2 facility. 
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Results and Discussion
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 Figure 1 shows the magnetoresistance for I // B // [100] and I // [100]  B // [010] at 0.4 K (quadrupole ordered state) in PrV2Al20. Since this system is cubic, the electronic state in B // [100] and [010] are intrinsically the same. The inset shows the difference between those two data for  (= [010] – [100]) vs B. This system has been found to exhibit switching of orbital (quadrupole) moments at 11 T and only along the [100] direction [1]. Indeed, the cusp was observed at 11 T, as seen in the resistivity. Note that we can also detect a sharp jump in as shown in the inset. This is the evidence that AMR is being changed by orbital switching between the low field phase and high field phase. In contrast to PrV2Al20, the magnetoresistance and the AMR in Nd2Ir2O7 as shown in Fig.2 is found to be negative ((I // B // [110]) > (I // [110], B // [101])).
Conclusions

We studied the anisotropic magnetoresistance for the cubic PrV2Al20 and Nd2Ir2O7 and found sizeable differences for different orientations of magnetic field and current. In the case of PrV2Al20, we detected a change of the AMR due to orbital switching. 
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Fig.1 The magnetoresistance for B // [100]. Inset shows the difference of the magnetoresistance between I // B // [100] and I // [100]  B // [010] at 0.4 K K.





Fig.2 Magnetoresistance (MR) vs applied magnetic field B for I // B // [110] and I // [110] // B // [101] in Nd2Ir2O7.











