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Magnetic hysteresis (M-H) loops measurement
It is important to remember that Bi0.9Eu0.1FeO3 (BEFO) is a multiferroic material, in 

which the ferroelectric, ferromagnetic and ferroelastic orderings interact with each 

other. The coupling among these ferroic orderings provides us with multiple degrees 

of freedom for controlling the photovoltaic effect, and this can be used to endow a 

memory unit with much new functionality. The magnetic properties are shown in 

Figure S1 with a typical magnetization curve at room temperature for the 

BEFO/LSMO/PMNPT heterostructures with the magnetic field applied along the [100] 

and [01-1] direction of the heterostructures after different poling states of PMN-PT, 

respectively. In the poled state, the M-H curve moves to left and the shape is slightly 

changed, with the coercive field (HC) increasing about 1 Oe for the [100] and 

decreasing 4 Oe for the [01-1] direction, respectively. However, there is a small 

exchange bias shift (about 1.8 Oe for the [100] and 2 Oe for the [01-1]) and no shift of 

the hysteresis loop (exchange bias) is also observed after poling due to the thick of 

LSMO layers [1]. The M-H loops at different poling states have shown that the 

magnetization of the heterostructure can be manipulated by the electric field induced 

piezo-strain, which could be used as evidence for magnetoelectric coupling effect at 

room temperature. However, we may need further research to understand this effect in 

depth.

Figure S1 (a) and (b) show the M-H loops of the BEFO/LSMO/PMNPT heterostructures at 

different poling states with the magnetic fields along in-plane [100] and [100] directions, 

respectively, and the situation near zero field is amplified in the inset. 



Ultraviolet photoelectron spectroscopy (UPS) measurement
Taking typical parameters WPt = 5.35 eV and WLSMO = 4.96 eV. In order to determine 

the energy band alignment of BEFO, we carried out ultraviolet photoelectron 

spectroscopy (UPS) measurement (the results are shown in Figure S2). The 

HeliumⅠradiation with a photon energy of 21.2 eV is used as the UV source. The 

work function (WBEFO) calculated by subtracting the width of the spectrum from the 

photo energy is determined to be 4.59 eV. The energy level of the valance band, EV, is 

6.19 eV derived by extrapolating the linear portion of the low energy edge of the peak 

to energy axis (shown in the inset of Figure S2a). Considering that several works have 

reported that the direct band gap of the BFO films is below 2.8 eV [2-4], we take an 

integer of 2.8 eV for convenience. So the conduction band would be 3.39 eV. As 

shown in Figure S2b, the energy level diagram based on the UPS and analyzed results 

shows the valance, Femi and conduction energies band of the BEFO film. 

Figure S2 (a) UPS spectrum of the BEFO. Inset shows the enlarged spectra of low binding energy 

edge. (b) Energy level diagram showing the conduction, Femi and valence band energies of the 

BEFO. 
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