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High-Field Magneto-Transport Study of a Metallic Delafossite Oxide
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Introduction
Large magneto-resistance has been a topic of interest in both scientific and application fields. Giant magneto-resistance in magnetic multilayered thin films and colossal magneto-resistance in manganite oxides are essentially realized by a coupling between the localized spin configuration and charge transport. For this report, we have focused on a simple nonmagnetic metallic oxide PdCoO2 with a layered-hexagonal delafossite structure [1]. An orbital-driven increase in magnetoresistance of 350,000% up to 35T has been observed for this material when measuring the inter-layer transverse magneto-resistance (TMR), i.e. H // [1-10] and I // [001]. Since PdCoO2 has a single quasi-two-dimensional half-filled Fermi-surface [2], our focus is to investigate how the TMR evolves extending the field to 45 T for this simple material. We also measured the angular dependence of the TMR that attributes to the quasi-two-dimensional Fermi-surface topology. Here the field orientation is tilted from the in-plane [1-10] directions to the inter-plane [001] direction.  
Experimental


High quality single-crystals of PdCoO2 were grown by Dr. H. Takatsu at Tokyo Metropolitan University (present address: Kyoto University). Magneto-resistance was measured at the NHMFL using a hybrid magnet (Cell 15) with a 3He cryostat. A single-axis rotation probe was used to carefully rotate the sample under the magnetic field in order to align the samples as exact as possible with a resolution of ~ 0.02o. The magneto-resistance was measured by a standard four-probe method.  
Results and Discussion


Figure 1 shows the angular dependence of the interlayer resistance of PdCoO2 near the field orientation of [1-10] direction under various magnetic fields up to 45 T at T = 0.35 K. The magneto-resistance reached 550,000% at 45 T without saturation when the field orientation is precisely aligned to [1-10] direction. The peak is interpreted in terms of a coherence peak that originates from coherent carrier transport along the small closed orbit on the side of the corrugated Fermi surface. It is important to note the sharpness of the peak with the field. For example, a misalignment of only 0.5o suppresses the TMR by on order magnitude at 45 T, although it is still quite large (~50,000 %). The sensitive TMR effect for both field strength and orientation suggests a potential application as a magnetoresistive sensor for which sensitivity improve under higher fields. 
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Conclusions

We have measured non-saturating magnetoresistance reaching 550,000% up to 45 T, and the TMR is extremely sensitive to both field strength and orientation. Considering the typical resistance measurement set-up with the voltage resolution of ~ 10 nV in this study, an angular resolution of 0.0015o is possible if this material is used as a magnetic sensor. 
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Fig.1 Angular dependence of the magnetoresistance of PdCoO2 near H // [1-10] at various field up to 45 T at T = 0.35 K.









