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1. X-ray diffraction and TEM of FeRh deposited on PMN-PT and BaTiO3 substrates.   
 

 
 

 
 
 

FIG. S1: (A) Room temperature out-of-plane x-ray diffraction, 2θ/θ, of 30 nm FeRh/PMN-
PT exhibiting a preferred (110) out-of-plane orientation. (B) TEM of a 50 nm FeRh film on 
PMN-PT. The film exhibits multiple grains. (C) Room temperature out-of-plane x-ray 
diffraction, 2θ/θ, of FeRh/BaTiO3 exhibiting a (001) out-of-plane orientation. (D) TEM of a 
30 nm FeRh film on BaTiO3.  No grain boundaries are observed, confirming a single crystal 
thin film with high crystallinity. Scale bars in (B) and (D) are 20 nm. 

 
  



 

 
FIG. S2: (A) In-plane and (B) out-of-plane magnetization hysteresis loops at various 
temperatures across the magnetic phase transition for FeRh/PMN-PT. Ratios of magnetization 
components at (C) zero magnetic field and (D) 1 T, depicting the temperature dependence of the 
magnetic anisotropy for FeRh/PMN-PT. An out-of-plane magnetization direction is preferred 
below the transition temperature. 
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FIG. S3: (A) In-plane and (B) out-of-plane magnetization hysteresis loops at various 
temperatures across the magnetic phase transition for FeRh/ BaTiO3. Ratios of magnetization 
components at (C) zero magnetic field and (D) 1 T, depicting the temperature dependence of the 
magnetic anisotropy as a function of temperature for FeRh/BaTiO3. An out-of-plane 
magnetization direction is preferred below the transition temperature. 
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FIG. S4: Longitudinal (Rxx) (A) and transverse (Rxy, AHR) (B) resistance measurements as a 
function of electric field for Fe-Rh/BaTiO3 at 60 °C with no external magnetic field. The percent 
change in the transverse resistance is more than an order of magnitude larger than the percent 
change in longitudinal resistance indicating that the loop in the transverse resistance is dependent 
on the out-of-plane magnetization.  
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FIG. S5: Temperature dependence of electric field control of FeRh longitudinal and transverse 
resistances for FeRh/PMN-PT (A) and FeRh/BaTiO3 (B).  There is a marked shift in the 
transverse (AHR) modulation to lower temperature as a result of the anisotropy rotation at lower 
temperatures. 
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FIG.	S6: (A) Sketch of the PEEM-XMCD experiment configuration. An x-ray photon (indicated 
by the blue wave) is directed at a FeRh sample that has a mixture of antiferromagnetic (green) 
and ferromagnetic (white and red) domains. (B-D) PEEM-XMCD image collected in the very 
same region at high temperature (170 °C), low temperature (30 °C) and high temperatures (170 
°C), respectively, recorded sequentially. The image in (B) has been recorded after saturating the 
sample at high temperatures, cooling to room temperature in zero field cooling conditions and 
heating it once. Note that the three images have been collected at magnetic remanence and no 
magnetic field has been applied during the (B) to (D) measuring sequence. The false color scale 
corresponds to the projection of the magnetization onto the incident x-ray beam (horizontal from 
the right). Domains with magnetization parallel and antiparallel to the x-ray incidence have 
opposite contrast (blue and red colors). Perpendicular domains or domains with zero magnetic 
moment have green color. The location of the ferromagnetic phase and its magnetization 
orientation can be reproducibly erased and restored through a heating and cooling cycle as 
illustrated by the region highlighted by the black dashed line. Scale bar correspond to 1 µm. 
  



 
 
 
FIG. S7: Magnetic force microscopy of the FeRh/BaTiO3 at 60°C after a DC electric field of 
±0.4 kV/cm was applied.  Images are labelled sequentially with their corresponding electric field. 
The magnetic response in (A) and (C) are drastically diminished, when compared with the same 
region in (B) and (D). The local magnetic memory effect is observed here as the local 
magnetization is reversibly modified with electric field. 
 


