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Supplementary Fig. 1 Energy band diagram of the photodetector in equilibrium state.

Pulse Response Testing Circuit Description
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Supplementary Fig. 2 Pulse response testing circuit of the photodetector.
The pulse response testing circuit used in this work is shown in Supplementary Fig. 2. The photodetector (PD) and oscilloscope are connected by the BNC wire to the two alligator clips. The impedance of the BNC connector and the coaxial cable part of the wire is 50 Ω, and the impedance of the oscilloscope is set to 50 Ω (low impedance).
Besides, here are some additional explanations to the pulse response testing circuit. Due to an improper setting of the input impedance of the oscilloscope to 1 MΩ (high impedance) in previous works, the response speed of the PDs measured was slower than the actual situation. The pulse response testing methods used in previous and current works are analyzed and compared here.

(1) High impedance test
Previous works connected the PD in series with a sampling resistor RL and set the impedance of the oscilloscope to 1 MΩ to measure the voltage variation of the test sampling resistor. With this high impedance, the input part of the oscilloscope is equivalent to a parallel circuit connected by a 1 MΩ resistor and a capacitor (usually 16 pF), as shown in Supplementary Fig. 3a. Through the high impedance test, the pulse response curves of a single pixel device in the AlN PD array were tested, with RL=1 GΩ, 1 MΩ, and 1 KΩ selected (Supplementary Fig. 3b). Supplementary Table 1 shows the rise and decay time of the device measured under different RL, exhibiting an obvious 
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Supplementary Fig. 3 a Equivalent circuit diagram of the pulse response test in previous work. The device was connected in series with a sampling resistor RL, and the impedance of the oscilloscope was set to 1 MΩ. b Pulse response curves of a single pixel device in the AlN PD array with different sampling resistors RL in the high impedance test. The higher the RL, the longer the response time of the device.
Supplementary Table 1 The rise time and decay time of a single pixel device in the AlN PD array tested under different sampling resistors RL with high impedance.
	
	1KΩ
	1MΩ
	1GΩ

	Rise Time (s)
	8.82×10-8
	4.8×10-8
	2.6×10-7

	Decay Time (s)
	1.423×10-6
	3.2×10-4
	2.8×10-3



difference of the decay time when RL was the only variable factor in the circuit, that is, when only the parameters of the circuit were adjusted. This indicates that the results of high impedance tests mainly reflect the characteristics of the circuit rather than the response time of the device itself.
Due to capacitive factors such as the junction capacitance of the device and the capacitance in the oscilloscope, this testing circuit is equivalent to an RC circuit. Therefore, one thing needs attention when using this method is if the response time of the device is much shorter than the discharge time of RC circuit, the response time obtained is actually the latter one. For the discharge process of RC circuit, the variation
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Supplementary Fig. 4 Fitting result of the pulse response curve using equation (S1) with RL=1 GΩ.
of voltage with time is
	
	
	(S1)


where τ is the time constant of RC circuit, and C is a constant term added to counteract the error caused by noise. Based on this equation, the pulse response curve with RL=1 GΩ was fitted, as shown in Supplementary Fig. 4. The voltage change curve obtained by this high impedance test was consistent with that exhibited along with the discharge of RC circuit, which verifies the inference above.

(2) Low impedance test
This work used the low-impedance testing circuit (as shown in Supplementary Fig. 1) to measure the response time of a single pixel device in the AlN PD array, with the equivalent circuit diagram shown in Supplementary Fig. 5a. The coaxial cable connecting the device to the oscilloscope had an impedance of 50 Ω. Since the resistance in the circuit was small, and there was no capacitor access circuit at the oscilloscope end, this testing method could be a better way to measure the actual response speed of the device. Supplementary Figure 5b shows the pulse response curve obtained by this low impedance test. Several small oscillations are observed in the later stage of the voltage drop process, which is caused by a signal reflection resulted from the incomplete impedance matching of the wires in the test circuit [1].
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Supplementary Fig. 5 a Equivalent circuit diagram of the pulse response test in this work. The coaxial cable connecting the device to the oscilloscope has an impedance of 50 Ω, and the impedance of the oscilloscope is set to 50 Ω. b Pulse response curve of a single pixel device in the AlN PD array in the low impedance test.
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Supplementary Fig. 6 a Single pulse response curve of the silicon PD in the low impedance test, with the rise time of about 26.8 ns and the decay time of around 6.9 μs. b Multi-pulse response curve of the silicon PD in the low impedance test.
[bookmark: _Hlk157377223]Besides, to verify the feasibility of this low impedance test, it was adopted to measure the response time of a commercial standard silicon PD (AXUV100GDS, from Opto Diode Company), with the pulse response curve shown in Supplementary Fig. 6a. After the test, a decay time of about 6.9 μs was obtained, in line with the response time (<10 μs) given in the product manual. Supplementary Figure 6b shows the multi-pulse response curve of the silicon PD measured by this testing method, from which a certain fluctuation in its peak voltage is observed. This illustrates a certain difference in the intensity of each pulse of the laser light source used in the experiment, which also explains the fluctuation of peak voltages of the multi-pulse response of the AlN PD array in this work.
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Supplementary Fig. 7 a J-V curves of another pixel device under 185 nm monochromatic light (334.2 μW·cm-2) and in the dark. b J-V curves of another pixel device under the condition of different power densities (0.6~39.5 μW·cm-2) of 185 nm light.
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Supplementary Fig. 8 Multi-period J-T curves of 0 V, -2 V and -5 V of another pixel device under 185 nm light irradiation.

[image: ]
Supplementary Fig. 9 Low-frequency noise power spectral spectrum at open circuit and connected state with 0 V and reverse bias of another pixel device.
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Supplementary Fig. 10 J-V curves of the pixel devices in lines a 4 and b 8 under 185 nm monochromatic light (334.2 μW·cm-2).


Supplementary Table 2 Summary of photoelectric performance of the reported UV PD arrays.
	
	Cutoff wavelength (nm)
	Working voltage
 (V)
	Dark current density
（A·cm-2）
	Respon-sivity
(A·W-1)
	EQE
(%)
	Rise time
(μs)
	Decay time (μs)
	array
	Ref.

	Photoconductive PD
	
	
	
	
	
	
	
	
	

	Au/Ni/GaN/Ni/Au
	~365
	-1
	1.33
	3200
	-
	-
	-
	3×3
	[2]

	Au/GaN/Au
	~335
	10
	5.56×10-8
	4.23
	1440
	45000
	22000
	8×8
	[3]

	Au/Ga2O3/Au
	265
	10
	[bookmark: OLE_LINK7]1.3×10-6
	12.4
(45 V)
	6006
(45 V)
	-
	-
	4×4
	[4]

	Au/Ti/Sn-doped Ga2O3 MWs/Ti/Au
	268
	20
	[bookmark: OLE_LINK8]3.33×10-8
	~1000
	~500000
	7900
	1180000
	10×1
	[5]

	Au/Ti/β-Ga2O3/Ti/Au
	~265
	5
	2.44×10-8
	60.7
	30000
	6000
	48000
	16×16
	[6]

	Au/Ti/-Ga2O3/Ti/Au
	~254
	10
	1.25×10-7
	6.18
	3025
	140000
	90000
	5×4
	[7]

	ITO/-Ga2O3/ITO
	~253
	10
	1.07×10-6
	286.2
	139700
	5600
	7200
	5×4
	[8]

	Au/Diamond/Au
	225
	30
	3.58×10-5
	0.255
	145
	1200
	510
	6×6
	[9]

	Photovoltaic PD
	
	
	
	
	
	
	
	
	

	Au/GeSe2/GaN/Ni/Au
	375
	0
	-
	0.262
	90.1
	1.2
	167
	4×4
	[10]

	PET/ITO/PEIE/SMA+ P3HT/PH1000
	~350
	0
	~1.0×10-7
(-0.2V)
	0.070
	28.9
	400
	38000
	400×400
	[11]

	SiC PIN
	~345
	0
	<1.25×10-10
(>0V)
	-
	-
	1400
	-
	8×8
	[12]

	AlGaN PIN
	~275
	0
	6.67×10-6
(-2V)
	0.142
	65.3
	0.008
	0.013
	[bookmark: OLE_LINK4][bookmark: OLE_LINK3]320×256
	[13]

	Pt/AlN/SiC/Ti/Au
	203
	0
	2.85×10-11
(-2V)
	0.054
	34.2
	0.013
	0.073
	8×8
	This work
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