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Extended Data Fig. 1 | Additional electron microscopy images. a, A low-magnification TEM 

image. b, HRTEM highlighting the n-GaN/n-AlGaN interface.

Supplementary Note 1 | Additional electron microscopy studies

In the present study, the n-GaN and p-GaN segments can be distinguished by the Mg doping 

induced stacking faults, as shown in Extended Data Fig. 1a. Extended Data Fig. 1b shows an 

exemplary high-resolution transmission electron microscopy (HRTEM) image for the n-GaN/n-

AlGaN interface, and crystalline planes can be clearly seen.
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Extended Data Fig. 2 | RTPL spectrum of the light-detecting PNNP nanowires. The 

structural detail can be found in the main text. 

Supplementary Note 2 | Alloy composition of the light-detecting nanowires

In this study, the In and Al contents were estimated based on the room-temperature 

photoluminescence (RTPL) measurements, which were performed using a 213 nm pulsed laser. 

During the experiments, the laser was focused onto the sample surface. The emitted light was 

collected with a lens which is coupled to an optical fiber connected to a UV - visible 

spectrometer. More details can be found in Refs. 1,2. 

As shown in Extended Data Fig. 2, RTPL peaks centered around 500 nm (~ 2.5 eV) and 

300 nm (~ 4.1 eV) are measured, corresponding to the InGaN and AlGaN layers, respectively. 

This indicates that the InGaN layer has an optical bandgap of around 2.5 eV, corresponding to an 

In mole fraction of 0.26, i.e., In0.26Ga0.74N. On the other hand, the AlGaN layer has an optical 

bandgap of 4.1 eV, which corresponds to an Al mole fraction of 0.3 1,2. The bumps on the 

shoulder of the 500 nm RTPL peak could be due to In content inhomogeneity, which has been 

commonly observed in InGaN semiconductors 3-6. 
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The RTPL peak at 350 nm could have several contributions, including near-band-edge 

exciton emission of GaN 7-10, defect emission from the doped AlGaN 11, Al content 

inhomogeneity in the AlGaN layer 12,13, or AlN defect emission from the AlN shell 14,15.

A clear GaN RTPL is not observed in the present study. Nonetheless, it does not mean there 

is no UV light absorption by GaN. As the excitation laser light is strong, it can be scattered to the 

nanowire root and absorbed by GaN. However, GaN RTPL could be much weaker and absorbed 

by the top p-InGaN layer. 
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Extended Data Fig. 3 | The time-dependent photocurrent from the comparison structure 

(PNP) under the UV light illumination. The light average power density was 3 mW∙cm-2 and 

the applied bias was 0.4 V. Due to the removal of the charge trap, the temporal summation of the 

positive photocurrent is absent even at an applied bias of 0.4 V.

Extended Data Fig. 4 | Time-dependent photocurrent for PNNP and PNP structures. a, b, 

Photocurrent versus time for the PNNP and PNP structures under 0 V and excited by the UV and 
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blue light, respectively. The average light intensity for the UV light is 9 mW∙cm-2 and for the 

blue is 0.52 W∙cm-2. c, d, Energy band diagram for PNNP and PNP structure, respectively.

Supplementary Note 3 | Detailed comparison with the reference PNP structure

In this study, the charge trapping effect at the n-GaN/n-AlGaN interface is also examined by the 

comparison nanostructure (PNP), wherein the n-GaN layer between p-GaN and n-AlGaN is 

removed (and thus the charge trap is removed). In this case, it is expected that the temporal 

summation of the positive photocurrent under the UV light illumination would disappear. This is 

indeed the case as what we have observed. Namely, when the light is turned off, the photocurrent 

drops rapidly to zero, and no persistent positive photocurrent; and when the light is turned back 

on, the photocurrent restores the previous value (rather than increasing). The time-dependent 

photocurrent in this case can be found in Extended Data Fig. 3.

Moreover, for the PNP reference structure, under the UV light illumination at zero bias, a 

net positive photocurrent is measured. This could be due to effects such as the larger band offset 

at the n-AlGaN/p-InGaN interface compared with the n-AlGaN/p-GaN interface and presumably 

better absorption of UV light from the n-GaN layer due to a larger thickness.

The effect of removing the n-GaN layer can also be seen in Extended Data Fig. 4a, which 

shows the photocurrent under the UV light illumination at zero volt applied bias for the two 

structures. It is seen that the PNP structure has a much higher positive photocurrent. This could 

be mainly due to the presence of the electron trap at the n-GaN/n-AlGaN interface in the PNNP 

structure and a smaller electric field at the p-GaN/n-GaN interface in the PNNP structure 

compared to that at the p-GaN/n-AlGaN interface in the PNP structure. 
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On the other hand, the stronger electric field at the p-GaN/n-AlGaN interface (PNP 

structure) compared to that at the p-GaN/n-GaN interface (PNNP structure) could undermine the 

negative photocurrent under the blue light illumination at zero volt applied bias, and this is the 

case as shown in Extended Data Fig. 4b. 

Supplementary Note 4 | More discussions on the photocarrier dynamics

In photodetection based on p-n junction semiconductors, the output photocurrent is proportional 

to how efficiently photogenerated electron-hole pairs are separated and extracted from the 

semiconductor. Typically, a stronger E-field at the p-n junction interface leads to better charge 

separation and thus higher photocurrent. 

The comparison of the E-field strength for the p-GaN/n-AlGaN (pN) and the p-GaN/n-GaN 

(pn) can be estimated using Extended Data Eq. 1, where ɛr is the relative permittivity, xn is the 

depletion width inside the n-type semiconductor, and Vbi is the built-in voltage of the junction. 

This equation is derived by assuming doping concentration of ~ 1018 cm-3 for all semiconductors 

and taking ɛr for both GaN and AlGaN to be nearly the same. Vbi is calculated from Extended 

Data Eq. 2 and Extended Data Eq. 3, considering an intrinsic carrier concentration (ni) of ~ 1016 

cm-3 16, and the effective density of states for the conduction band (NC) of 2.3×1018 cm-3 for GaN 

and 3.5×1018
 cm-3 for AlGaN 16, respectively. The nn0 and np0

 are the electron concentrations in 

the n-type and the p-type semiconductor, respectively. The conduction band offset ( ) of the p-𝐸𝑐

GaN/n-AlGaN is estimated ~ 0.55 eV 17,18.
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𝑒𝑉𝑝𝑛
𝑏𝑖 = 0.026 𝑒𝑉 × ln (𝑁𝑎𝑁𝑑

𝑛𝑖
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From this estimation, the p-GaN/n-GaN interface (Epn) in the PNNP structure has a weaker 

E-field than the p-GaN/n-AlGaN interface (EpN) in the PNP structure. This could contribute to 

lower positive photocurrent in the PNNP structure compared to the PNP structure. 

Moreover, in heterojunctions, the band offset at the interface could act as a barrier for the 

charge carrier transport, which could further lower the photocurrent. This contributes to the 

lower positive photocurrent observed in the PNNP structure compared to that in the PNP 

structure as well when the electron trap is “placed” strategically. Due to the traps of electrons, 

the positive current due to the electron transport is reduced; in the meantime, the trapped 

electrons will also combine with photogenerated holes and thus reduce the hole transport, further 

reducing the positive current. 
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Extended Data Fig. 5 | Residual photocurrent from the fitting. The details of fitting are 

discussed in the main text. A small residual magnitude and no obvious trend of the data indicate 

an excellent fitting quality.
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Extended Data Fig. 6 | Time-dependent photocurrent of a smaller device (300 μm × 300 

μm) on the same wafer sample. The curve is obtained with 50 mV bias and 3 mW∙cm-2 of UV 

light.
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Extended Data Fig. 7 | Microscopic image of a fabricated wafer sample. The metal contact 

size, which defines the device size, is also denoted. 
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