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Two-Axis Rotation Using a Piezo-Driven Platform
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Introduction 

Manipulating the orientation of samples with respect to an applied magnetic field in both the  and  directions (spherical coordinates) has been a long sought after tool for the user program. Reliable rotation probes for the  direction have been available at the lab for more than 15 years [1]. Mounting a piezo rotation platform to one of these probes allows the possibility of field alignment with any sample orientation. This ability can be critical to experiments where crystal alignment is crucial or as a way to allow users to explore angle dependence in more detail without the need to warm up the probe to room temperature and shift samples manually.
Experimental


Two piezo rotation platforms have been tested from Attocube: the ANRv50 (all titanium) model and the miniature ANR31 (titanium – BeCu) with 20mm and 10mm diameter surfaces for sample space, respectively. The ANRv50 has a robust design which has already been incorporated into an assembly to be fixed to the SCM2 rotation probe (Fig. 1c). The ANR31 is a 2nd generation small model which is required to extend this angular capability to other magnets with limited sample spaces (e.g. the hybrid).

The ANR31 rotation assembly was tested in SCM2 by mounting two Toshiba THS118 Hall sensors orthogonal to the surface of the Attocube rotator along with samples of the delafossite oxide, PdCoO2 for magnetoresistance (MR) measurements. [2] This assembly was then placed into the rotation probe sample holder. Excess torque on the surface of the previous model (ANR30), from wiring to the outer radius of the sample surface, had caused inconsistent rotation in previous tests. For this measurement with the ANR31, all nine 20m pairs of Cu wire were run through the center axis to minimize this problem. 
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Monitoring the Hall sensors at low fields confirmed that the ANR31 could be consistently rotated after cooling. This rotation is performed by applying voltage pulses at a fixed frequency through probe wiring not to exceed 10 to the piezo elements. With each voltage pulse, the platform is shifted a fraction of a degree. This process uses high currents (~10-50mA) that will cause considerable heating at He-3 base temperatures. By using Labview software to lower the duty cycle of the voltage pulses a stable temperature of ~ 450 mK was maintained for ~12 hours during angle-dependent MR oscillation (AMRO) measurements (Fig. 1a) of PdCoO2.   
Conclusions

Changes in the new ANR31 materials, in comparison with the all-BeCu ANR30, appear to have made it possible to consistently rotate at low temperatures. Moving forward, a feedback system must be added for  rotation to calibrate this movement accurately at high fields where Hall sensors are unmeasurable. The ANR50 shown in Fig. 1c is ready for measurements with users.
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Fig 1. (a) Right: PdCoO2 MR at B = 18T (T ~ 0.45K) as a function of continuous  rotation with  = 5o between angle sweeps. Left: Misalignment (~ 1o) from backlash was corrected by finding the coherence peak at B//ab-plane ( = 0o, data within dashed box). (b) Hexagonal Fermi surface determined from  angle dependence. (c) Two-axis rotation platform for SCM2 probe using ANR50. Photo: Brass platform with contacts for samples to fix to the ANR50 surface. 









