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Vapor Pressure Thermometry and Coulomb Blockade Thermometry in Magnetic Fields for Secondary Thermometer Calibration
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Introduction

Field calibrated thermometry is crucial for many experiments requiring precise temperature measurement such as heat capacity and thermal conductivity measurements, etc. However, error of widely used Cernox and RuOx thermometers has strong dependence to magnetic fields at low temperatures due to their magnetoresistance. In order to calibrate the secondary thermometers in magnetic fields, vapor pressure of liquid Helium and temperature dependence of Coulomb blockade resonances are known to be good platforms as primary thermometers which are independent of magnetic fields.
Experimental


For vapor pressure thermometry in SCM2 and Cell12, 3He pressure was precisely measured using Baratron capacitance manometers in the temperature range from 0.3K to 1.5K, and 4He pressure between 1.5K and 4K at fixed fields up to 35T. Simultaneously, magnetoresistance of multiple Cernox thermometers were recorded as a function of temperature. Based on the field calibrated resistance, Labview VI’s were developed for real time conversion to field corrected temperature values. In addition, electron temperature was measured in a dilution refrigerator system, SCM1, at temperatures from 20mK to 230mK at fixed fields up to 18T, using a Coulomb blockade thermometer (CBT) sensor, CBT10 [1].
Results and Discussion
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Resistance of each Cernox sensor vs temperature that was converted from vapor pressure was fit to a Chebyshev polynomial, and field dependent coefficients were calculated using Pade approximation for interpolation of arbitrary data points [2], as shown in Fig. 1. From the fitting, calibrated temperature can be obtained at an arbitrary magnetic field and resistance value.
[image: image3.png]In Coulomb blockade thermometry, the differential conductance depends on the bias voltage and electron temperature of the sensor, which consists of multiple arrays of tunnel junctions, and effective temperature can be calculated from a fit to the equation, VFWHM=5.439 NkBT/e, as shown in Fig. 2. No field dependence was observed up to 18T. At 20mK on a RuOx sensor, noise fluctuation elevated the electron temperature to 30 or 40mK, and this could possibly be reduced by adapting additional high performance RF filters.
Conclusions

A vapor pressure thermometry platform in the temperature range from 0.3K to 4K was fully developed for thermometer calibration in magnetic fields. Currently, six Cernox thermometers were successfully calibrated in fields up to 35T, and two Cernox sensors up to 18T. These thermometers and Labview programs have been released to the DC field facility. Also, the CBT has shown promising results for use as a field calibration platform for low temperatures in dilution refrigerators provided the electron noise temperature is reduced to a sufficient level. 
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Fig. � SEQ Fig. \* ARABIC �1� Plot of fractional magnetoresistance in temperature range from 0.3K to 4K.





Fig. � SEQ Fig. \* ARABIC �2� Temperature dependence of Coulomb blockade thermometer from 16mK to 202mK.









