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Development of Sample-in-Vacuum Probe for Thermal Property Measurements
Baek, H.; Benjamin, S.; Choi, E. S.; Ha, J.; Billings, J.; Pullum, B.; Maier, S.; Park, J. –H.; Murphy, T.

(National High Magnetic Field Laboratory, Florida State University)
Introduction

Vacuum environment is crucial for precise characterization of intrinsic properties of materials such as surface analysis and thermal property measurements. However, it is challenging to provide sufficient cooling power, enough sample space, and a short turn-around time as well as vacuum environment in 3He top-loading cryostat systems. Here, a sample-in-vacuum (SIV) probe was developed for the Cell9 3He cryostat by incorporation of a dedicated 3He space. The performance of the SIV probe was confirmed by measuring thermal properties of well-known materials. 
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Experimental
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A cold finger, which is a receptacle for sample mounts, was initially cooled down to 1.5K by releasing 3He as exchange gas between 1K pot and the sample space. 3He main gas was condensed in the separate space, which was the inner volume of the stainless steel tube of the SIV probe, relying on the cooling power of heat sink in contact with 1K pot. The sample space was evacuated with the charcoal sorption pump after initial cool down. A base temperature of 0.55K was obtained by pumping 3He of the inner section with a mechanical sealed pump. The temperature sensor was placed at the magnetic field center. 
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The temperature stability was 3mK/hr and holding time at base temperature was approximately 12 hours, with thirty two phosphor bronze wires (38 AWG) and two stainless steel coax cables. Cooling power at 0.67K was measured to be 500μW. In order to verify that the vacuum environment is sufficient for thermal property measurements, we measured thermal conductivity of a reference sample, Ni alloy(201) [1]. In the range of 0.55K to 22K, the thermal conductivity matched well with references. The values could be offset by a few percent depending on the thermal contact of the bulk sample to the heat reservoir and electrical contacts to the sample. We also measured an oxide material, Ba3Cr2O8 [2] up to 31T to confirm the performance in high fields, and clearly observed a field-induced transition to the Bose-Einstein Condensate (BEC) state between 13 and 23.5 T at 0.55 K on magnetocaloric effects as shown in Fig. 3, and thermal conductivities at temperatures between 0.5 and 2K corrected by a field calibrated thermometer.
Conclusions

A sample-in-vacuum probe for 3He top-loading systems was developed and thermal properties were successfully measured using the new probe. It will be a good additional platform for various measurements requiring a vacuum environment in the user program.
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Fig. 2 Thermal conductivity of Ni alloy(201) measured using the SIV probe.





Fig. 3 Magnetocaloric effect of Ba3Cr2O8 showing BEC transition.









