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A.  log (J) -log (E) curves to illustrate leakage mechanism 

 

 
 

Figure S1.  The  log (J) -log (E) curves of different samples. 

 

To understand the leakage mechanism better, the log (J) -log (E) curve was drawn 

(shown in Figure S1.). The curve exhibits an excellent linearity (i.e. J∝E, where approaches 

1), The leakage conduction mechanism of the films is manifested as an ohmic contact. The 

conduction formula is shown as follows, 

                                    NeEJ e=  

where e, μ, Ne and E are the charge of electrons, the carrier mobility of free electrons, 

the density of free electrons, and the applied field, representively. In the course of the 

experiment, the generated oxygen vacancies caused by the volatilization of Bi formed a 

deep-well energy level in the bandgap so that the activated electrons can move freely. 

Therefore, the more oxygen vacancies, the more free carriers will be generated in the film. 

One can identify the transition point indicated by the doted pink line, which corresponds the 

separation and merging upon Gd and Mn co-doping as shown in the inset of Figure 1 (a). 
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B.  Amplified Linear and circular leakage current I-V results 
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Figure S2. The  log (J) -log (E) curves of circular polarization and linear polarization of 

BGFMO-4 and BGFMO-8 at different rotation angles under polarization-modulated 

commercial 405 nm laser illumination. 

 

 

C. The trend of leakage current I-V results 
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Figure S3 The leakage current density (J-E) curves of each doping concentration 

measured at room temperature. 

 

Fig. S3 shows the leakage current density (J-E) curves of each doping concentration 

measured at room temperature. All the J-E curves exhibit excellent symmetrical structure. 

Gd, Mn co-doping results in reducing the leakage current density from 5.7×10-2 A/cm2 for 

BFO to 7.39×10-8A/cm2 at 6 V when the Mn doping concentration is 8%. One reason for this 

is that the co-doping remarkably reduces the size of grains (from over 150 nm to ～20 nm) 

so as to yield an increase in the density of grain boundary, which benefits to charge separation 

and enhance the photo generated carrier conductivity. To understand the leakage mechanism 

better, the log (J) - log (E) curve shown in Fig. S1 exhibited an excellent linearity (with a 

transition point of each curve corresponding to the structural transformation mentioned in the 

XRD rusults), which manifested the leakage conduction mechanism of the films with the 

Ohmic conduction contacts. The Ohmic mechanism indicates the significant influence of 

resistivity brought by morphologies, so as to share the similar trend of discussed in the paper. 


