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Fig. 1. Electrical transport measurement system in pulsed high magnetic field.
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Fig. 2. Rotation sample rod in: (a) Steady-state strong mag-
netic field; (b) NHMFL (National High Magnetic Field
Laboratory).
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ation at different angles; (c) principle of angle calibration.
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Fig. 5. Signal processing of angular-dependent electrical transport experiment in 60 T pulsed high magnetic field.
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Abstract

In recent years, measuring the electrical transport properties of materials in different directions of applied
magnetic field has become an important experimental study of topological quantum materials. With the
development of condensed matter physics, scientific research has shown that under the ultra-high intensity
pulsed magnetic field, the electrical transport study of materials may extend to the quantum limit region, and
more abundant physical phenomena will be observed. However, in the existing electric transport measurement
system, the rotation sample rod under the action of steady-state field presents a large size and significant eddy
current effect, which makes it difficult to meet the requirements for pulsed field measurement, and the current
commercial physical property measurement system (PPMS) can only operate under +£16 T steady magnetic
field. In addition, the conventional rotation sample rod encounters the problems of insufficient angular
resolution and space utilization when used in pulsed high magnetic environment. So there is an urgent need to
develop a higher performance rotation measurement system. In view of the above background, in this paper we
present a kind of electrical transport measurement system designed by Wuhan National High Magnetic Field
Center (WHMFC), which consists of five modules: pulse power supply, pulse magnet, control center, cryogenic
system, and signal measurement. The key component is the sample measuring rod with rotation function, which
restricts the movement of the drawbar through a double-groove structure to achieve an angular change in a
range from —5° to 185°. An angle calibration coil is mounted on the back of the sample stage. Based on the
double-calibration method, the angle control accuracy of 0.1° is achieved. The temperature, magnetoresistance
and Hall resistance signal are collected by the integrated circuit on sample stage and extracted by compensation
circuit and virtual digital lock-in amplifier, and the accuracy of electric transport measurement is better than
0.1 mQ. Furthermore, the effect of eddycurrent and material deformation at low temperatures are completely
eliminated by using polyetheretherketone material, which effectively improves the stability and reliability of the
rotation sample rod. Using this measuring rod, we complete a series of experiments in the 8 mm sample cavity
in the center of the pulse magnet: the minimum ambient temperature reaches 1.3 K, the maximum magnetic
field strength arrives at 65 T, and the direction angle of the magnetic field is able to change in a 190° range.
Thus the universally applicable measurement system of electric transport experiment in pulsed high magnetic
field is successfully established. In this paper, we elaborate the principle and device components of the
measurement system, the design and fabrication of the angle measuring rod, and the calibration principle and
measurement process. Relevant experimental results show that the system has important application value in
the research of 3D Fermi surface, topological insulator surface state, quantum limit transport, superconductivity
analysis, etc. Based on this system, the electrical transport experimental system at WHMFC provides an
effective means for the relevant research teams (home and abroad) engaged in the exploration of the intrinsic
physical characteristics of quantum materials in extremely pulsed high magnetic field and low temperature
environment.

Keywords: pulsed high magnetic field, electrical transport measurement, level rotation sample rod
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