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Two-Axis Rotation Using a Piezo-Driven Platform
Graf, D. (NHMFL)
Introduction


The capability to change the orientation of crystals with respect to an applied magnetic field in both the  and  directions (spherical coordinates) in situ at low temperatures can be a critical factor in an experiment. All of the magnets of the DC field user program have “single-axis” probes which will rotate samples in the  direction [1]. Several methods have been attempted in the past for shifting the angle . One technique involves rotation which is gear driven and therefore has difficulty in maintaining low temperatures due to heating created from friction. A second method has been to implement a piezo rotation platform (PRP) where commercial units have, as proven with magnet time in SCM2, proven to be unreliable and are costly to replace.

Experimental


As an alternative to purchasing PRPs from outside vendors, a summer intern, Chris Mann, built a PRP (base view – left photo) using parts produced by the NHMFL machine shop and piezo-driven actuators that are a small fraction of the cost of a new unit. It was successfully tested to 77K in July 2017 and will be tested to 3He temps and in field with magnet time scheduled for early 2018. The advantage of producing a PRP in-house stems from the ability to make repairs and modifications in a rapid fashion.


In addition a new voltage source to drive the actuators has been constructed by the NHMFL electronics shop which offers a peak output of 200V. This is an improvement over the 70V maximum of our commercial source which we have determined can be a limiting factor in rotation at low temperatures.


An additional challenge with the PRP comes from attempts to calibrate the orientation at high fields (B > 10T). Small, Toshiba THS118 Hall sensors are convenient for measuring the position at low fields but the cannot be measured at base temperature (~ 300 mK) and maximum field (18T) in SCM2. A metallic ring was machined (Fig. 1c) and fixed outside of an insulating spacer to the circumference of the PRP. A second electrode is located near this ring to allow for capacitance measurements as the PRP is rotated. This assembly will be tested in high fields with upcoming magnet time in SCM2.  

Results and Conclusion

The new PRP produced in house as well as the voltage source should allow for measurements in two axes. If this version is successful a miniature prototype will be built to fit into the smaller available sample space of the resistive magnets for higher fields.
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Figure 1. (a) Bottom view photo of PRP with cartoon of overall assembly shown in (b). Two pieces of PZT are held in place with Stycast 2850 to the titanium base machined by EDM at the NHMFL. (c) Drawing of capacitance electrode machined as a “comb” and then fixed to the outside of the PRP on top of a thin insulating layer of G10. A second electrode (red arrow in [d]) completes the capacitor and allows for measurements of capacitance as the PRP is rotated.  
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