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Section 1: Supplementary Figures 

 

 

Supplementary Figure 1. (a) The cross-sectional and (b) elevation-view SEM images 

for AlGaN nanostructures. 
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Supplementary Figure 2. Top-view SEM images of (a) AlGaN nanostructures and (b) 

AlGaN:Pt-50 nanostructures. These results conform that Pt nanoparticles were 

successfully synthesized on the smooth top surface of AlGaN nanostructures through 

environmental-friendly photodeposition. 
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Supplementary Figure 3. Long-time on/off cyclic photocurrent measurements of 

AlGaN nanostructures and AlGaN:Pt-50 nanostructures under 254 nm illumination 

with irradiation intensity of 1.5 mW/cm2. 
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Section 2: Supplementary Notes 

 

Note 1. The operation principle of the photoelectrochemical 

photodetector (PEC PD):  

 

As the schematic illustration shown in Fig. 1 in the main text, the PEC cell exhibits a downward 

band bending at AlGaN nanostructures/electrolyte interface to establish electrochemical equilibrium 

through the transportation of the excess charge carriers from the nanostructures to the electrolyte 

when the p-type semiconductors are in contact with electrolyte. When illuminated by DUV photons, 

electron (e-) is excited from the valence band (VB) to conduction band (CB) and leave behind 

positive charges, called holes (h+). With the downward band bending as the driving force, the 

photogenerated e- drift to the AlGaN nanostructures/electrolyte interface and undergo redox 

reactions: 4H+ + 4e- = 2H2. Meanwhile, the band bending induces the directional transfer of h+ 

toward the opposite directions to the Pt counter electrode, participating in the reaction: 2H2O + 4h+ 

= O2 + 4H+. Thereafter, the H+ diffuses through the electrolyte and reaches the counter electrode. 

By this means, the whole circuit without external bias is completed with simultaneous light harvest 

and carrier transport. The electrochemical workstation collects corresponding electrical signals and 

eventually realize the self-powered solar-blind PEC PD.  
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Note 2. Supplementary explanation about the open circuit 

potential measurement of AlGaN nanostructure PEC PDs 

 

The open circuit potential (OCP) measurements were first employed to appraise the kinetics of 

the free charge carriers and identify the conductivity type of sample under periodically switching 

illumination (254nm and 365nm) with a period of 30 s. Generally, the OCP measurement is an 

electrochemical method to measure the electrode potential difference between the photoelectrode 

and reference electrode by the electrochemical workstation in the open circuit condition. The 

changed band bending with/without illumination would bring the different value of the electrode 

potential. Upon illumination with the light, the p-type AlGaN nanostructures would absorb photons 

and generate free minority charge carriers, causing a downward shift of the hole quasi-Fermi level 

of the nanostructures’ surface and to a flattening of the bands. In other words, the OCP shifts toward 

positive potentials for a p-type semiconductor. As shown in Fig. 2a, the OCP response is as expected 

for our sample, which is p-doped with an Mg effusion cell temperature of 360 °C. In principle, a 

semiconductor can only absorb photons with equal or higher energy than its bandgap Eg (which 

means light wavelength shorter than its absorbing edge), upon which electrons in the semiconductor 

are excited from the occupied valence band (VB) to the unoccupied conduction band (CB). The 

light absorption at 365 nm could be expanded through the intermediate energy level transition (Fig. 

2a). More specifically, it could be attributed to the donor−acceptor pairs (DAP) transition between 

the shallow VN-related deep donor states and the Mg acceptor states or other mid-gap defects states. 

Furthermore, ΔOCP (the difference between OCP in the dark/light condition) represents the amount 

of the band bending at the time being with respect to that in the dark condition[ Nano Lett. 17, 

1529−1537 (2017)]. ΔOCP usually defined as photovoltage (Vph), which arises from the difference 

between the Fermi level of the p-type semiconductor (Ef,p) and the quasi-Fermi level for electrons 

under illumination (Ef,e), reflecting the steady-state photogenerated charge carrier concentration. 

The lower ΔOCP indicates negligible light absorption at 365 nm wavelengths, compared to direct 

bandgap transition under 254 nm irradiation, suggesting the high potential of p-AlGaN 

nanostructures for solar-blind detection. 
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Section 3, Supplementary Notes on Experiment Details 

Growth of nanostructures 

The p-type AlGaN nanostructures studied in this work were grown on n-type Si(001) substrates 

using Veeco GENxplor plasma-assisted molecular beam epitaxy (MBE) under nitrogen-rich 

conditions. The p-type AlGaN nanostructures were grown at 560 °C with TMg of 360 °C, which is a 

relatively low growth temperature to enhance the Mg incorporation. An intrinsic AlGaN 

nanostructure sample was also grown at the same temperature for comparison. The nominal Al 

composition: Al0.15Ga0.85N was estimated by taking the ratio of Al to the total metal beam equivalent 

pressure as measured by the beam flux monitor.  

Characterization Methods 

The detailed morphology of the AlGaN nanostructures was discerned using scanning electron 

microscope (SEM) on Hitachi, SU8220 systems at an accelerating voltage of 3 kV. Transmission 

electron microscopy (TEM), energy dispersive spectroscopy (EDS), and scanning transmission 

electron microscopy (STEM) measurements were performed on a JEM-ARM200F instrument 

(Anhui University) with probe corrector operating at 300 keV, accompanied by two energy disperse 

X-ray spectrometers (Super-EDS). The specimens for TEM, EDS, and STEM observation were 

prepared by focused ion beam (FIB). Room-temperature photoluminescence (PL) measurements 

were performed using a 266 nm excitation pulse laser. The PL signal was collected by using a UV 

objective and then measured by an OceanOptics QEPro spectrometer. X-ray photoelectron spectra 

(XPS) were acquired on the Photoemission End station at the BL10B beamline in the National 

Synchrotron Radiation Laboratory (NSRL) in Hefei, China. This beamline is connected to a bending 

magnet and equipped with three gratings that cover photon energies from 100 to 1000 eV with a 
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typical photon flux of 1×1010 photons/s and a resolution (E/ΔE) better than 1000@244 eV. 

Preparation of the AlGaN Nanostructures Photoresponse Electrode  

Ga-In eutectic alloy (Alfa Aesar) was first deposited on the backside of Si substrate to form an 

ohmic contact, which was subsequently mounted onto a copper sheet using silver paste. The entire 

photocathodes device, except the nanostructure surface (5×5 mm2), was then covered with an 

insulating epoxy to avoid any leakage current. The photocathodes were dried at room temperature 

in air for at least 24 h before measurement. 

Photodetection Measurement 

The typical photodetection performance of the spectrum-distinguishable photodetector was 

performed using a CHI 760E electrochemical workstation with a standard three-electrode system 

constructed in high-UV-transmittance quartz reaction cell (CEL-CPE50), which was used to record 

the current signal and applied bias potential at room temperature. The as-prepared AlGaN 

nanostructures electrode, platinum nets, and Ag/AgCl (saturated KCl) served as the working 

electrode (i.e., photocathode), counter electrode, and auxiliary electrode, respectively. The H2SO4 

(0.01, 0.05, 0.1 and 0.5 M) aqueous solutions were chosen as electrolytes. A Tanon UV-100 lamp 

was used to generate monochromatic lights with wavelengths of 254 and 365 nm to irradiate 

photocathode. The light intensity was calibrated by an optical power meter (S401C and PM100D). 

The light intensities were normally fixed at 1.5 mW/cm2, excepted for measuring the photoresponse 

dependence of AlGaN nanostructures on incident DUV light intensity. Linear sweep voltammetry 

(LSV) Linear sweep voltammetry (LSV) was carried out at applied voltages varying from 0.2 to -

0.8 V with a sweep rate of 10 mV·s−1. Amperometric current−time (I−t) curves were carried out at 

a fixed potential of 0.2, 0, -0.2, -0.4, -0.6 and 0.8 V with a sampling interval of 0.05 s. It's worth 
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noting that the sampling interval was set as 0.0005 s for the definition of rise time and decay time 

of a single on/off switching circle. The photoresponse behavior at a voltage of 0 V (i.e., without an 

external bias field) is called the self-driven or self-powered behavior. 


