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Fig. S1 Scanning electron microscope (SEM) images of a n-GaN and b p-n GaN nanowires. c Open-circuit potential (OCP) measurements of the n-GaN and p-n GaN nanowires under 340 nm light illumination. The ΔOCP in p-n GaN nanowires significantly exceeds that in n-GaN nanowires, providing evidence for the superior carrier separation and extraction efficiency within p-n GaN nanowires compared to n-GaN nanowires.
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[bookmark: _Hlk143289262]Fig. S2 a Side-view and b top-view SEM images of the p-n GaN nanowires, c the corresponding selected nanowires area of the p-n GaN nanowires. The filling factor is approximately 0.76. d Side-view and e top-view SEM images of the p+-n GaN nanowires, f the corresponding selected nanowires area of the p+-n GaN nanowires. The filling factor is approximately 0.77. g Side-view and h top-view SEM images of the p++-n GaN nanowires, i the corresponding selected nanowires area of the p++-n GaN nanowires. The filling factor is approximately 0.80. The filling factors are calculated by the ratio of the nanowires area to the whole image area.
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[bookmark: _Hlk143356238][bookmark: _Hlk143356337][bookmark: _Hlk146390447][bookmark: _Hlk146390454][bookmark: _Hlk143356250]Fig. S3 Contact potential difference (CPD) mappings were obtained under dark conditions for a p-n GaN, b p+-n GaN, and c p++-n GaN nanowires, respectively. The corresponding average CPD values in a 2 μm × 2 μm region of p-n GaN, p+-n GaN, and p++-n GaN nanowires are 268.1, 97.6, and -175.1 mV, respectively. Additionally, CPD mappings were recorded under the illumination of 340 nm for d p-n GaN, e p+-n GaN, and f p++-n GaN nanowires, respectively. The corresponding average CPD values in a 2 μm × 2 μm region of p-n GaN, p+-n GaN, and p++-n GaN nanowires are 632.0, 369.3, and 26.1 mV, respectively. The difference value between the contact potential under illuminated conditions and dark conditions corresponds to surface photovoltage (SPV). The calculated SPV values of p-n GaN, p+-n GaN, and p++-n GaN nanowires are 363.9, 271.7, and 201.2 mV, respectively.
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[bookmark: _Hlk143356960]Fig. S4 valence band spectra of the a p-n GaN, b p+-n GaN, and c p++-n GaN nanowires. The relative positions of the valence band maxima referred to the Fermi level in p-n GaN, p+-n GaN, and p++-n GaN nanowires were determined as 1.53, 1.36, and 1.12 eV, respectively.
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[bookmark: _Hlk143357048]Fig. S5 The continuous on/off cycles test of p-n GaN nanowires under the illumination of 340 nm. The light intensity is kept at 0.1 mW cm−2.
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Fig. S6 High-resolution TEM image of the a p-n GaN nanowires and b p-n GaN/CoNiOx nanowires. We can clearly observe the periodic lattice fringes in the GaN nanowires as well as the coated amorphous layer around the nanowires surface.
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[bookmark: OLE_LINK8]Fig. S7 The CPD mappings of p-n GaN/CoNiOx nanowires under a dark conditions and b under the illumination of 340 nm. The calculated SPV values of p-n GaN nanowire/CoNiOx nanowires were 766.8 mV.
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Fig. S8 Photocurrents of the p-n GaN/CoNiOx nanowires under the illumination of 340 nm with different light intensities
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[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Fig. S9 Chopped LSV measurements from 0.55 to −0.15 V with a scan rate of 0.03 V s−1
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Fig. S10 Analysis of the response/recovery times of PEC photosensor employing p-n GaN/CoNiOx
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[bookmark: _Hlk147686849]Fig. S11 Photocurrents of the p-n GaN nanowires measured under a pure electrolyte (deionized water) and b 30 µM glucose. The photocurrent measured under pure electrolyte and 30 µM glucose is 0.080 and 0.085 µA, respectively.
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Fig. S12 SEM images exhibit the morphology of the p–n GaN/CoNiOx nanowires a before and b after the 20-day test.
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[bookmark: _Hlk143357328][bookmark: OLE_LINK4][bookmark: _Hlk143357651]Fig. S13 Sequential additions of glucose, fructose, lactose, maltose, urea, and uric acid were made to the electrolyte under chopper light, and the corresponding photocurrents were recorded. The concentrations of all these compounds are 50µM. Two additions of glucose caused a significant enhancement of the photocurrent, while the intermediate addition of interfering substances showed negligible changes in the photocurrent. These results indicate the high selectivity of the glucose sensing.
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[bookmark: _Hlk160185503][bookmark: _Hlk160185528]Fig. S14 a Relationship between the photoresponse and the Co/Ni loading amounts. The photodeposition time is kept as 10 minutes. b Relationship between the photoresponse and the photodeposition time. The amount of Co-addition/Ni-addition is 30/30 µL. It is found that the 30 µL Co-addition, 30 µL Ni-addition, and the photodeposition for 30 minutes is the optimal photodeposition condition.
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[bookmark: _Hlk97674947]Fig. S15 Image of the as-fabricated PEC photosensor. The inset shows the fabricated GaN nanowires photoelectrode.
Table S1 Fitted parameters for the TRPL curves of p-n GaN and p-n GaN/CoNiOx nanowires
	Sample
	τ1 (ns)
	%
	τ2 (ns)
	%
	τav (ns)

	p-n GaN
	0.144
	78.1
	1.253
	21.9
	0.387

	p-n GaN/CoNiOx
	0.239
	54.3
	1.630
	45.7
	0.875


[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Table S2 Comparison of the performance of various glucose sensors
	Materials
	Potential 
	Detection limit (µM)
	Sensitivity
 (µA mM-1 cm-2)
	Refs. 

	p-n GaN/CoNiOx nanowires
	0 V vs. Ag/AgCl
	0.07 
	173 
	This work

	ITO/TiO2- Co3O4-CNT-GOx
	0 V vs. Ag/AgCl
	0.16
	0.3
	 [S1]

	Ni/nanodiamond/BDD
	0.46 V vs. SCE
	0.05
	120
	 [S2]

	BiOCl-G NHS
	0.5 V vs. Ag/AgCl
	220
	127.2
	 [S3]

	Cu/ZnO
	0.1 V vs. SCE
	3.762
	63.76
	 [S4]

	CuO/FTO
	0.6 vs. Ag/AgCl
	59.5
	263
	 [S5]

	Au/Ni/BDD
	0.5 V vs. Ag/AgCl
	2.6
	157.5
	 [S6]

	3D hollow-out TiO2 NWc/GOx
	0.4 V vs. Ag/AgCl
	8.7
	58.9
	 [S7]

	NiAl-LDH/α-Fe2O3
	0.3 V vs. SCE
	5
	274.7
	 [S8]

	Fe2O3NR/FTO
	-0.1 V vs. SCE
	5.5
	100.46
	 [S9]

	Fe2O3 films
	0.99 V vs. RHE
	0.05
	17.23
	 [S10]


SCE: Saturated calomel electrode; RHE: Reversible hydrogen electrode
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