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Co2MnSi(CMS)/Cr/CMS trilayers on a Si substrate

Experimental method and results.  If you failed to conduct experiment as planned, please describe reasons. 

We proposed a series of experiments to decisively determine the alignment of the ferromagnetic moments 

in the magnetic multilayers showing interlayer exchange coupling such as Co2MnSi(CMS)/Cr/CMS, 

Fe/Cr/Fe, and CoFe/Cr/CoFe, and to reveal the influence of the material of the magnetic and nonmagnetic 

layer, the thickness of the nonmagnetic layer, interfacial roughness, and so on. In this experiment, we 

investigated an exotic 90º couplings in a CMS/Cr/CMS trilayer on a MgO substrate at the first step. 

Polarized neutron reflectivity measurements were performed on BL17 with a spin analyzer after and 

before the sample to separate the spin-flip and the non-spin flip channel in the reflection process. The 

reflection with the spin-flip indicates a canted magnetic moments inside the sample against the direction of an 

external magnetic field. If the 90º coupling is realized in the sample, the spin-flip reflectivity is appeared in a 

reflectivity profile. External magnetic fields of 50 Oe and 10 kOe were applied parallel to the sample plane. 

The latter field is enough strong to saturate the sample magnetization. Therefor we should not see the 

reflectivity with the spin-flip under the magnetic field of 10 kOe. 
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Experimental method and results (continued) 

We spent most of our beam time to investigate origin of unexpected behaviors of polarized neutron devices, 

and could not fix them even when we almost consumed the beam time. Therefore we decided to manually 

measure the four polarized neutron reflectivities (R++, R+-, R-+, and R--): We fixed states of two spin-flippers 

during the measurements. The states of the spin-flippers are normally switched by a software automatically 

during measurements. We also had to revise the analysis software and to write a new software which combined 

the separated data of for different measurements. 

Anyway we successfully detected the change of the magnetic structures induced by external magnetic 

fields as shown in Fig. 1 (left) under a strong magnetic field of 10 kOe and (right) under a weak magnetic field 

of 50 Oe. A distinct spin-flip components of the reflectivity are observed in the profile under a weak magnetic. 

field where the 90o coupling is predicted by the magnetization measurements. However, what strange is that 

the spin-flip components also appeared in the saturated state as shown in Fig. 1 (left).At the moment, we have 

no idea about this non-spin-flip component. In addition, we have not found the parameters which completely 

reproduce the observed profiles yet even for the reflectivity profile under the weak magnetic field. We are now 

carefully checking whether this difficulty comes from inappropriate data handling or not. The troubles of the 

polarized neutron devices make it complicated and difficult to locate the source of the problem. 

 
Fig. 1 Results of the polarized neutron reflectivity measurements of Co2MnSi/Cr/Co2MnSi trilayer on a MgO 

substrate under a magnetic field of 10 kOe (left), and 50 Oe (right). Blue and red curves are no-spin-flip 

component and green and pink ones are spin-flip component of the reflectivity. 


