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Annealing treatment of ZnO single crystal substrates 

AFM images were measured on Seiko Instruments SPA-400.  

 

 

 

 

 

 

Figure S1. Typical AFM image of an O-polar ZnO(0001
–

) single crystal surface obtained by 

annealing in an air furnace at 1200oC for 2h.   

 

Charge transfer resistance vs. electrode potential U 

 

 

  

Figure S2.  Rct values in the equivalent circuit model are plotted against the electrode 
potential of around –2V vs. Ag, in which Rct starts to drastically decrease at potentials 
around –2.1 V vs. Ag. 
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Surface states vs. electrode potential U 

 

 

 

 

 

Thickness-dependences of the donor density for ZnO and MgZnO films 

 

 

 

films 

sub. 

Figure S3.  CSS values for the ZnO substrate, ZnO and MgZnO films plotted against 
U relative to each flat band potential, respectively. 

Figure S4.  The donor densities plotted against the thicknesses for ZnO 
and MgZnO films, respectively. 
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Mg content in the MgZnO film 

    The Mg content xMg in MgZnO was estimated to be 0.250 from the band gap and c-axis lattice 

parameter of a MgZnO film grown on an a-Al2O3(0001) substrate under exactly the same 

conditions as on the single crystal ZnO substrate: the band gap Eg was 3.76 eV (Fig. S5) and c-

axis lattice parameter caxis was 0.5175 nm (Fig. S6), respectively.  

 

 

 

 

 

 

 

 

 

 

From the correlation(s) between the Mg content and the band gap, and/or the Mg content and the 

lattice parameters as expressed by the following equations [S1], 

 

𝐸" = (3.26 ± 0.02) + (2.01 ± 0.0014)𝑥0" 

𝐶2345 = (0.52052 ± 7.36 × 109) − (0.011945 ± 0.00133)𝑥0" 

 

the Mg contents were estimated to be xMg=0.248 and 0.253, respectively (Fig. S7), averaging out 

to be 0.250. 

Figure S5. Absorption spectra of ZnO 
and MgZnO films fabricated on an a-
Al2O3(0001) substrate, respectively.  

Figure S6. XRD patterns of ZnO and 
MgZnO films fabricated on an a-
Al2O3(0001) substrate, respectively.  
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RHEED patterns for ZnO and MgZnO films 

 

 

Figure S7. Correlation(s) between the Mg content and the band gap, and/or the Mg content 
and the lattice parameters. The data points marked with a red filled circle are for the 
MgZnO film in the present experiment. 

 

Figure S8.  Set of RHEED patterns and their intensity profiles of 26nm-thick ZnO and 32nm-
thick MgZnO films, observed with the incident electron beam along the directions of <11-20> 
and <10-10>, respectively. The primary electron beam energy is 15-20 keV. 
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