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Nd-Fe-B sintered magnets have been an indispensable material for motors used in hybrid electric 

vehicles (HEVs) due to their high performance. For the application in HEV, heavy rare earth 

elements such as Dy are added to enhance the coercivity at high temperature. To realize the high 

performance without adding heavy rare earth elements, it is essentially important to clarify the 

coercivity mechanism in Nd-Fe-B magnets. However, it has been still controversial probably due to 

the quite complicated microstructure of Nd-Fe-B sintered magnet. In this study, we have fabricated 

epitaxially grown Nd-Fe-B thin films as a model system to elucidate the coercivity mechanism. The 

Nd-Fe-B thin film was deposited on a Mo underlayer / MgO(001) substrate by using a dc magnetron 

sputtering system. The sample structure is MgO substrate/Cr(5)/Mo(30)/NdFeB(t)/Mo(10) 

(parentheses in nm). Crystalline structure was characterized with a reflection high energy electron 

diffraction (RHEED) and a x-ray diffraction (XRD). Surface morphology was observed by an atomic 

force microscope (AFM). Magnetic properties were evaluated by a vibrating sample magnetometer 

(VSM) and an anomalous Hall effect (AHE) measurement. Prior to fabrication of the Nd-Fe-B films, 

crystal quality and surface morphology of epitaxially grown Mo underlayer is investigated. It is 

found that moderate temperature deposition and high temperature post-annealing processes enable us 

to fabricate the high quality Mo epitaxial film with the surface roughness of 0.093 nm, as shown by 

the RHEED pattern and AFM image in Fig.1. Then, the Nd-Fe-B thin film is deposited on the high 

quality Mo underlayer, and (00l) preferred orientation of the Nd-Fe-B film is confirmed. As shown 

in the inset of Fig. 2, the perpendicular magnetization curve of the Nd-Fe-B film with t = 100 nm 

exhibits high remanence ratio of 0.96 and high coercivity of 15.1 kOe. Fig. 2 shows the coercivity as 

a function of t. The coercivity monotonically increases with decreasing the t, and reaches as 22.1 

kOe for t = 10 nm, indicating that the well oriented and well isolated fine Nd-Fe-B grains would be 

formed. 

  


