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The quantized Hall resistance observed in the quantum Hall effect (QHE) under strong magnetic 

fields has been adopted as a primary standard of electric resistance in metrology institutes. Quantization of 

Hall resistance has been discovered recently even in the absence of an external magnetic field in a 

ferromagnetic topological insulator (FMTI). This zero-field quantization, known as the quantum anomalous 

Hall effect (QAHE), has attracted much attention owing to its potential use as a next-generation resistance 

standard without a superconducting electromagnet [1-3]. Here we present a prototype of a QAHE resistance 

standard utilizing an FMTI and demonstrate a precision of 10 parts-per-billion of Hall resistance quantization 

[4].  

Our Hall-bar device was fabricated from a heterostructure film of Cr-doped (BixSb1-x)2Te3 grown by 

molecular beam epitaxy. The Hall resistance of the QAHE nearly at zero magnetic field was directly 

compared with the integer QHE in GaAs Hall bar devices under a strong magnetic field. As a result, no 

relative deviation of the Hall resistance from its theoretical value (h/e2 ≃ 25.8 kΩ) was observed at a precision 

of 10-8 Ω/Ω. It is worth noting that the observed precision reached the level demanded for a primary 

resistance standard. Besides, the high precision was attained not by using a superconducting electromagnet 

but a small permanent disc magnet for magnetizing the FMTI film. Our findings, therefore, established an 

important milestone for a superconducting-electromagnet-free QAHE resistance standard [4].  
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