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Fig. S1 AFM images for GaN and Si-doped GaN thin films. AFM images reveal a 

smooth surface with observable atomic steps, and the root-mean-square (RMS) values 

of surface roughness measured by Igor Pro software are less than 0.2 nm for both 

samples.

Fig. S2 Optical absorption spectra and the corresponding first-derivative for GaN 

and Si-doped GaN thin films. Due to the direct-bandgap character of GaN thin films, 

the first derivative of absorption with respect to photon energy E can be used to 

determine the bandgap Eg, wherein the position of maximum in the derivative 

spectrum corresponds to the Eg.1 The Eg values are determined to be about 3.38 eV 

and 3.41 eV for GaN and Si-doped GaN thin films, respectively. A larger Eg value for 

Si-doped GaN thin film can be attributed to the Burstein-Moss effect.2
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Fig. S3 Full-scan XPS spectra for GaN and Si-doped GaN thin films. 

Fig. S4 Valence band spectra for GaN and Si-doped GaN thin films. The difference 

(EF-EVBM) could be determined to be about 2.08 eV and 2.41 eV for GaN and Si-

doped GaN thin films, respectively. Combining the bandgap Eg values, it is found that 

the position of the Fermi level is above the mid-gap for both samples, meaning the n-

type conduction. Also, the Fermi level moves towards conduction band when doping 

Si, reflecting the increased carriers.3
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Fig. S5 The decay time constant of STM-to-LTM transition induced by (a) lighting 

duration, (b) frequency, (c) intensity, (d) pulse number. The current attenuation part 

of the STM-to-LTM transition is shown in the Figure S5, and the experimental data 

are fitted by the stretched exponential function mentioned in the text. It can be seen 

from the fitting results that the characteristic time τ is positively correlated with 

lighting duration, frequency, intensity and pulse number, which further confirm the 

transition from STM to LTM.
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