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and an ultra-short rise time of 13 ns. Also, the clear boundaries and an obvious con-
trast between light and dark of the VUV image displayed in the imaging measurement
indicate the good imaging ability of this PD array, which can be used for the imaging
application with high signal-to-noise ratio and high response speed. These results
provide rich experience for the development of VUV imaging PDs based on WBGSs
both in their fabrication and the practical applications in VUV detection.
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Introduction

The sun not only affects the weather and climate of Earth but also acts as the main trig-
ger for space weather phenomena. The emission phenomena (solar storms) such as coro-
nal mass ejections and solar flares from the sun will cause ionospheric disturbances and
magnetic storms on Earth, which may lead to huge economic losses [1-4]. Therefore, a
real-time monitoring of solar activity is necessary for the prediction of disastrous space
weather events. Vacuum-ultraviolet (VUV) light is in the range of 10-200 nm [5]. VUV
imaging detection with an extremely low solar background noise is an effective means to
monitor solar activity [6—8]. The monitoring scenario of VUV imaging photodetectors
(PDs) for solar storms is shown in Fig. 1a.

In the field of VUV detection, the PDs mainly used are based on the photomultiplier
tube and silicon photodiodes, but both are faced with some shortcomings hindering
further development [9]. For the photomultiplier tube, the large gain and high sensitiv-
ity are unable to cover the problems of high energy consumption and low-temperature
conditions. In comparison, semiconductors are more suitable to be the materials for
VUV PDs. However, the silicon semiconductor PDs need a filter system with complex
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Fig. 1 Application of VUV imaging detection and the designed structure of the VUV PD array. a Solar storm
detection by the VUV PD array. The imaging schematic diagram of b a WBGS PD (using AIN as an example)
and c a silicon PD with a filter added. d Distribution of the ultraviolet spectrum and bandgap of common
WBGSs. e Transmittance of 6 nm Pt metal in the range of 130~ 230 nm. f Band structure of the designed
AIN-based photovoltaic PD (Pt/AIN/SiC/Ti/Au, pre-contact). g Single pixel and h array structure diagram of
the AIN-based PD array

structure to remove visible light interference, causing a loss of many weak signals. In
addition, silicon PDs have poor radiation resistance, which may result in degradation and
failure of device performance. Therefore, researchers have been committed to exploring
the new VUV PDs. Starting from this demand, PDs based on wide-bandgap semicon-
ductors (WBGSs) are considered as a new generation of VUV PDs due to the advantages
of low operating voltage, good spectral selectivity and excellent radiation resistance [5,
10, 11]. The WBGS PDs complete a more effective observation of the characteristics of
solar storms without any additional filters, which can capture the weak signals to lower
the risk of losing details (Fig. 1b and c). However, compared with the visible and infrared
imaging PDs which has been commercially available, the ultraviolet PDs dependent on
WBGSs is still on the level of scientific research with the focus put on prototype single
point devices.

The typical WBGSs can be found in Fig. 1d, such as gallium oxide (Ga,O5) [12—14],
diamond [15], hexagonal boron nitride (h-BN) [16] and AlGaN [17-19]. Among them,
aluminum nitride (AIN) has an ultra-wide direct bandgap of 6.2 eV, which exactly cor-
responds to the long wavelength limit of 200 nm in the VUV band. This characteris-
tic makes it a great candidate material for unfiltered VUV detectors. In addition, AIN
has the advantages such as superior radiation resistance, and high chemical and thermal
stability [20—24], able to meet the detection needs in extreme space environments. In
previous research, we have successfully prepared the single-point and line-array devices
of AIN-based VUV PDs [6, 25-29], achieving ideal responsivity and extremely fast
response. On this basis, in this work, we have constructed an 8 x 8 VUV PD array with
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a photovoltaic structure of Pt/AIN/SiC/Ti/Au, exhibiting excellent photoelectric perfor-
mance. The manufacturing of the 8 x 8 PD array adopts a multi-step lithography process
with no etching required. This work is expected to promote the practical applications of
the new-generation VUV imaging PD based on WBGSs.

Results and discussion

Structural design of the AIN-based VUV photodetector array

A good PD array needs to ensure that its pixels have a good photoelectric performance.
At present, most of the reported shortwave ultraviolet PD arrays based on WBGSs have
a photoconductive structure [30-34] whose manufacturing process is relatively sim-
ple. Although it can achieve an ultra-high responsivity through the gain mechanism,
the long relaxation time of non-equilibrium carriers will lead to a long response time of
the device and it requires external bias operation during that process. Compared with
photoconductive ones, photovoltaic PDs have the advantages of low dark current, high
response speed and no need for external bias voltage due to the existence of a built-in
electric field [35]. Therefore, a VUV PD array based on the AIN thin film with a photo-
voltaic structure was designed here, which should consider the following points.

First, the substrate of AIN film should be well matched with the lattice constant
and the thermal expansion coefficient of AIN (At present, the AIN single crystal can-
not achieve the arbitrary regulation of carrier concentration, so it cannot be applied for
homoepitaxy), so high-quality silicon carbide (SiC) single crystals were chosen as the
substrate, with the conductive n-type SiC selected to construct larger internal electric
fields. Besides, the upper electrode should be able to transmit VUV light and its Fermi
level should be much lower than that of AIN for a high open circuit voltage. Based on
that, the platinum (Pt) metal with a high transmittance to VUV light and the highest
work function was chosen here. The transmittance of 6 nm Pt electrode to VUV light
has been measured as approximately 55% from 130 to 200 nm, as shown in Fig. 1e. Thus,
Pt can be used as a semi-transparent electrode to ensure that most of the VUV light
irradiating on the device can be absorbed by the AIN photosensitive layer. Lastly, Ti/Au
metal was selected as the bottom electrode to contact SiC because it has good adhesion
and with no hindrance to carrier transmission. The band structure of this designed Pt/
AIN/SiC/Ti/Au device (pre-contact) is shown in Fig. 1f.

Based on that device structure, the schematic diagrams of one single pixel and array
of the AIN-based VUV PD array are shown in Fig. 1g and h. The electrodes of the PD
array are designed as 8 x 8 anodes (top electrode) and one common cathode (bottom
electrode) through a multi-step lithography without etching. To improve the efficiency
of collecting photo-generated carriers, the photosensitive array pixels were covered with
fine grid metal; to reduce crosstalk, a photoresist unable to transmit VUV light was used
to cover the non-photosensitive positions of the AIN film to prevent the absorption of
VUV light.

Fabrication of the AIN-based VUV photodetector

Figure 2a shows the fabrication process of the AIN-based 8 x 8 PD array, which
mainly involves photolithography and electrode plating. The fabricated process of
PD array does not require etching, which can improve the fabrication efficiency and
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Fig. 2 Fabrication of the AIN-based 8 x 8 VUV PD array. a Device fabrication process, which is divided into
five steps. Step 1 is the patterning and plating of the semi-transparent window Pt electrode; Step 2 is the
patterning and plating of grid lines, down-leads and edge electrodes; Step 3 is the photoresist patterning to
cover the non-photosensitive region; Step 4 is the bottom electrode plating; Step 5 should be the bonding
and packaging of the PD array. b Photograph and ¢ microscopic images of the AIN PD array. Since Pt
electrodes are too transparent to be observed, the Pt electrode regions are marked by blue squares

accuracy of the device. Firstly, 8 x 8 Pt electrodes were plated on the surface of AIN/
SiC wafer by photolithography and ion sputtering (Step 1). The electrode size of a
single pixel was 600 x 600 um, and the width between electrodes was 200 um. Sec-
ondly, through overlap and electron beam evaporation, both down-lead in contact
with Pt electrodes and edge electrodes were formed for subsequent packaging, and
the pixels were covered with grid metal lines to improve the collection efficiency of
photo-generated carriers (Step 2). The metal used was Ti/Au (10/100 nm), with each
down-lead width of 20 um, grid line width of 5 pm and the edge electrode size of
400 x 400 um. Thirdly, the photoresist was used to cover the area outside the photo-
sensitive array and the edge electrodes (Step 3) so that only the photosensitive array
can respond to VUV light. The edge electrodes were thick Ti/Au metals that VUV
light cannot pass through. Then, Ti/Au (10/100 nm) was obtained by hot evapora-
tion plating on the back of the SiC substrate, used as the common cathode (bottom
electrode) of the PD array (Step 4). Finally, the device electrodes should be bonded
into the ceramic pin grid array packaging shell for packaging (Step 5). Figure 2b and
¢ show the photograph and microscope images of the fabricated PD array, where the
clear electrode images illustrates that the fabrication process is reliable. The two dig-
its near the edge electrodes represent the position of connected array pixels, with the
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first digit representing the row and the second digit representing the column, facili-
tating subsequent packaging and readout circuit connections.

Characterizations of the AIN-based VUV photodetector array

In the process of device fabrication, a series of characterizations have been con-
ducted on the AIN film, photoresist and Pt metal. For a PD, the high-quality optical
absorption layer is a prerequisite to ensure a good photoelectric performance, which
can reduce the recombination caused by defects and thus facilitates the separation
and migration of photogenerated carriers. Figure 3a and b show the low-magnifica-
tion and high-resolution transmission electron microscopy (TEM) images as well
as the diffraction images of AIN/SiC heterojunction cross sections. The AIN film is
extremely flat with a thickness of about 219.7 nm and a good crystal orientation. Fig-
ure 3c shows the Raman spectrum of AIN/SiC wafer, from which a typical E,"#" pho-
non mode of AIN can be observed, reflecting its good crystal quality. The frequency
of E,M#" mode can be applied to estimate the strain in the AIN epilayer considering
the frequency of strain-free AIN is 656 cm™! [36]. The measured E,"®" mode is at
657.4 cm™! indicating a compressive strain around 0.28 GPa [37]. Furthermore, the
X-ray diffraction (XRD) rocking curve of the (0002) crystal face of the AIN film exhib-
its a good crystallization quality, with a full width at half maximum of 350 arcsec, as
shown in Fig. 3d. In addition, according to the photoluminescence (PL) spectrum of
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Fig. 3 Characterization of the AIN-based VUV PD array. Cross section a low-magnification TEM image and
b high-resolution TEM image and diffraction images of the AIN/SiC heterojunction. ¢ Raman spectrum of
AIN/SIC wafer excited by a 266 nm laser. d Rocking XRD curve of the (0002) crystal face of the AIN film. The
small peak to the left of the main peak is the (0004) diffraction peak of SiC. Due to the similar diffraction peak
angles of AIN and SiC, the SiC diffraction peak cannot be filtered out completely. e PL spectrum of the AIN
film. f Transmittance of the photoresist used for the fabrication of the PD array in the range of 140~500 nm.
The insert shows the transmittance in the VUV range (140~ 200 nm). g AFM image of the Pt electrode. The Pt
electrode has a thickness of about 6 nm
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the AIN film shown in Fig. 3e, the band edge emission with the central wavelength of
the luminescence peak of 208.4 nm can be clearly observed without defects emission.

The transmittance of the photoresist to VUV light was also measured, as exhibited in
Fig. 3f. The photoresist used in the device is completely opaque to 140-200 nm light,
so the non-pixel AIN film cannot absorb VUV light. Further, the thickness of the Pt
metal electrode was characterized through atomic force microscopy (AFM), as shown in
Fig. 3g, based on which the thickness of Pt electrode is around 6 nm. These results fur-
ther demonstrate the structural feasibility of the PD array.

Photoelectric performance of the AIN-based VUV photodetector array

VUV photoelectric measurements were conducted on a single pixel of the fabricated PD
array, as shown in Figs. 4 and 5. Figure 4a shows the J-V curves of a single pixel device
under 185 nm (334.2 uW-cm™?) light illumination and in the dark. The ultra-low dark
current density (Jy,) (2.85 x 107! A-cm™2 @-2 V) indicates a high resistance of the AIN
photosensitive layer (The area involved in dark current is approximately 0.52 mm?). It
is worth noting that J4,, should be zero at ideal 0 V bias. The measured dark current
at 0 V is not the true value, which is related to the source meter. The ratio of photocur-

rent density to dark current density (J ;oe/Jdari) Of the device at reverse bias is about 6

hoto
orders of magnitude, illustrating that tllie device should have a high signal-to-noise ratio.
In addition, due to the designed structure, the single pixel device also has a high open
circuit voltage (V,.) of 1.9 V, which can operate in an environment without any external
input. This high voltage displayed by the device after overcoming the internal resistance
comes from the difference of the large Fermi level between Pt and SiC [27]. Figure 4b
shows the J-V curves under different light power densities. With the increase of light
power density, both the photocurrent and the open circuit voltage of the single pixel

device increase. Figure 4c shows the multi-period J-T curves at 0 V, -2 V, and -5 V (For
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Fig. 4 Photoelectric performance of one single pixel device of the AIN-based VUV PD array. a J-V curves
under 185 nm monochromatic light (334.2 pW-cm~2) and in the dark. b J-V curves under the condition of
different power densities (0.6 ~39.5 uW-cm™2) of 185 nm light. ¢ Multi-period J-T curves of 0V, -2V and -5V
under 185 nm light illumination. d Band structure diagram of the device under VUV illumination. e 193 nm
single pulse response curve. The rise time and decay time are 13.0 ns and 73.4 ns, respectively. f 193 nm
multi-pulse response curve
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Fig. 5 Photoelectric performance of one single pixel device of the AIN-based VUV PD array and the
performance comparison. a Responsivity and EQE curves at 0V bias in the range of 120 ~300 nm. The insert
shows the vertical coordinates of responsivity as logarithms. b Spectral responsivity curves at different bias
voltages. ¢ Low-frequency noise power spectral density at open circuit and connected state with 0V and
reverse bias. d Comparison of cutoff wavelength, dark current density and rise time of the reported UV PD
arrays. Ref [38]: SiC PIN; Ref [39]: PET/ITO/PEIE/SMA ++ P3HT/PH1000; Ref [30]: Au/Ti/B-Ga,04/Ti/Au; Ref [40]:
Au/GaN/Au; Ref [41]: Au/Ti/e-Ga,O5/Ti/Au; Ref [32]: [TO/e-Ga,04/ITO; Ref [42]: Au/CsPbBrs/Au; Ref [43]: Au/
Cu,0/Si/Al; Ref [31]: Au/Diamond/Au; Ref [44]: Au/Ni/CH;NH;Pbl;  CL/Ni/Au; Ref [45]: AIGaN PIN

convenience, the area used for calculating Jj,,¢, and Jg, is both 0.36 mm?). The Jphoto!
Jaark Under different bias voltages is similar, stable, and repeatable, indicating a reliable
operation of the device. Figure 4d is the band structure diagram of the device during
operation (The band structure diagram in equilibrium state is shown in Supplementary
Fig. 1). Through the semi-transparent Pt window, VUV light irradiates on the AIN film
to produce photogenerated electron—hole pairs. Electrons and holes are separated with
the electrons migrating to the SiC direction and the holes to the Pt direction under the
action of an internal electric field. Therefore, the Pt/AIN/SiC/Ti/Au structure designed
in this work can also be regarded as a PIN type.

Then, the response speed of the single pixel device was tested. Time response test
methods can be found in the Method Section and Supplementary Information (Supple-
mentary Figs. 2—6 and Supplementary Table 1). Figure 4e and f are the results of 193 nm
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pulse response test. With a rising edge of about 13.0 ns and a falling edge of 73.4 ns, this
device can meet the requirement for fast response. In addition, under the illumination
of multiple light pulses, the device shows a stable output voltage. The fluctuation of the
output voltage is due to the instability of the incident laser intensity, which can be dem-
onstrated by the multi-pulse response curve of commercial silicon PD (Supplementary
Fig. 6).

Figure 5a shows the responsivity (R) and external quantum efficiency (EQE) of the sin-
gle pixel device at 0 V bias from VUV to deep-UV (120-300 nm), with R = W
and EQE = f%? x 100% (P is the light power density, S is the photosensitive area of the

device, h is the Planck’s constant, c is the speed of light, q is the electron charge and \ is
the measured wavelength.) [46, 47]. The cutoff wavelength of the device is 203 nm, indi-
cating a good selective response to VUV light, which corresponds to the PL spectrum of
the AIN film (Fig. 3e). The largest response is exhibited at 197 nm, with R of 0.054 A-W 1
and EQE of 34.2%. In fact, considering the reflection of light by the grating metal on the
photosensitive pixel, the actual R and EQE should be larger than these values. The VUV
spectral responsivity curves under different reverse bias voltages are shown in Fig. 5b. In
the case of external reverse bias, the spectral response curve is similar, and the respon-
sivity shows a slight increase. The specific detectivity (D*) of the photodetector shows

about 2.2 x 10'® Jones with D* = \/2(5? (197 nm, -2 V). Compared with many photo-

voltaic PDs, our PD shows a higher specific detectivity due to the ultra-low dark current

density.

In addition, noise control is considered as one of the most important factors for the
operation of PDs. Figure 5c¢ shows the noise power spectral density of the single pixel
device at 0.03—-100 Hz. Compared to the background noise, the noise captured as the
device has been connected to the circuit system just changed a little. At 0 V, the noise
power density of the device is lower than 1072 A2.Hz !, which is almost the same under
reverse bias, indicating a very low noise level possessed by this device. Another pixel
device has been chosen to repeat the photoelectric test, and the results are similar to
those in Figs. 4 and 5, as shown in Supplementary Figs. 7-9. Figure 5d and Supplemen-
tary Table 2 show the UV PD arrays reported so far, comparing their device structures
and photoelectric performance. The PD array fabricated in this work has the shortest
cut-off wavelength, a much lower dark current density, and a shorter rising time. Regard-
ing the deep ultraviolet detection, AlGaN PD arrays are more mature, which can achieve
more pixels with excellent photoelectric performance [48]. The rise time of the device is
close to the reported result of AlGaN, and the dark current density is much lower [45].
The responsivity and EQE of the device have room for improvement.

The response uniformity of pixels is a prerequisite for high-performance imaging.
To figure out the difference in photoelectric performance of each pixel device, the J-V
curves of 64 pixel devices were tested under the same illumination conditions (185 nm,
334.2 uW-cm™2). Figure 6a and b show the |
of those pixel devices under -4 V and 0 V bias, and Supplementary Fig. 10 exhibits the

photo value distribution and the mapping
Jphoto™V curves of the pixel devices in lines 4 and 8. For the 64 pixel devices, there are no
bad spots and the ]
light is non-parallel, the fluctuations of ]
light sources. At 0 V bias, ]

photo 18 evenly distributed. It is worth noting that since the 185 nm

photo are partly caused by the uneven regional

photo fluctuates in the range of 93-122 nA with a stable
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imaging test. The insert is a photograph of the PD array. d VUV imaging results at -4 V and 0V bias

consistency. The mean value of J o, is 111 nA with a maximum standard deviation of
9.9% ((Jphoto, max~Tphoto, ave)Jphoto, ave)- These results both demonstrate the uniformity of
these devices and indirectly show the uniformity of AIN thin films as well as the feasibil-
ity and reliability of the device design and manufacturing scheme.

Lastly, the imaging ability of the AIN-based VUV PD array was tested. With an EQ-
99X LDLS wide spectrum light source as the VUV light source, a sapphire mask with the
designed pattern ("U "and "P") was imaged. The optical path built for this imaging test is
shown in Fig. 6¢, in which the light source, mask, and PD array were placed in the same
straight line. Under VUV illumination, the areas outside this imaging pattern allowed
light to pass through and reach the PD array, resulting in the pattern area being in a dark
state and the remaining areas being illuminated. It is worth noting that due to the reflec-
tion of the metal inside the vacuum chamber, there was still some light absorption in the
pattern area. Figure 6d shows the VUV imaging mappings of "U "and "P" under -4 V and
0 V bias, from which the VUV images are observed to have clear boundaries, an obvi-
ous contrast between light and dark, and a very high similarity to the physical image.
This result indicates that the VUV PD array has a high fidelity, which is promising to be
applied in practical VUV detection.

Although the PD array reported here only has 64 pixels, this is the new try of VUV
imaging through the PDs based on WBGSs to the best of our knowledge (Supplemen-
tary Table 2). Future study will focus on the increase of device pixels and the construc-
tion of matching readout circuits to develop a full-chain VUV imaging system based on
WBGSs. Overall, this work is just the beginning but expected to effectively promote the
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VUV imaging detection based on WBGSs in real applications, especially for the solar

storm monitoring.

Conclusions

In conclusion, an 8 x 8 unfiltered VUV PD array based on the WBGS was reported. The
PD array with a Pt/AIN/SiC/Ti/Au photovoltaic structure has a good selective response
to VUV light, exhibiting an extremely low dark current (2.85 x 107! A-cem™ @ -2 V),
a high responsivity (0.054 A-W~' @ 0 V), and a high response speed (13 ns). The PD
array was obtained by the multi-step lithography without etching. Based on the imaged
VUV graphics with clear boundaries, clear contrast between light and dark, and high
similarity to the actual image, the PD array has been demonstrated to possess a good
imaging ability. This work is expected to provide experience for the fabrication of VUV
imaging PDs based on WBGSs and promote their practical applications in solar storm
monitoring.

Methods

Materials characterization

AN films were obtained by heteroepitaxial growth on a 2-inch n-SiC single crystal sub-
strate through the metal-organic chemical vapor deposition, with the epitaxial temper-
ature and pressure respectively set at 200 Torr and 1050 °C, trimethyl aluminum and
ammonia taken as the aluminum and nitrogen sources, and hydrogen used as the carrier
gas. TEM images of AIN/SiC heterostructure cross sections were captured by FEI Talos
F200 S Transmission electron microscopy. The rocking XRD curve of AIN thin films was
measured by Panalytical Empyrean-Xpert Pro MPD X-ray diffractometer. The PL spec-
trum was obtained by the excitation of EX5/250 ArF excimer laser (193 nm) and the col-
lection of the QE65PRO scientific spectrometer with H70 grating. The Raman spectrum
was measured using a Renishaw spectrometer (inVia Reflex) excited by a 266 nm laser.
The transmittance of the Pt metal and the photoresist to VUV light was measured using
a self-built VUV spectroscopy system. The Pt metal was plated on a MgF, substrate
through the same process used in the device preparation (with the MgF, substrate as the
background). The photoresist was applied on a sapphire substrate through the same pro-
cess used in the device preparation (with the sapphire substrate as the background). The
AFM image of Pt metal was acquired by AIST Smart SPM Scanning Probe Microscope
of Horiba France SAS Company.

Device fabrication

First, the AIN/SiC wafer was cut into 12 x 12 cm sized pieces by laser cutting to fabricate
the PD arrays. Then, 8 x 8 PD arrays were fabricated on the piece through multi-step
photolithography and plating electrodes process. Negative photoresist was used, model
AZ2035. The photoresist exposure was performed by Heidelberg’s pPG501 laser direct
writing lithography system. After that, Pt electrode was plated by Quorum’s Q150 ion
sputtering meter. The Ti/Au grid lines, down-leads and edge electrodes were fabricated
through DE400 electron beam evaporation from Wevetest. The Ti/Au electrode at the
bottom of SiC substrate was plated by JSD350 thermal evaporation system of Anhui

Jiashuo Company.
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Photoelectric measurements

The I-V and I-T curves of the array devices in the vacuum chamber were measured by
Keithley 4200A-SCS source meter. The VUV light source was provided by a low-pressure
mercury lamp (185 nm Monochromatic light). Different light powers were obtained by
adding attenuation plates with different attenuation coefficients on the optical path. The
light power density was calibrated by the commercial standard Si PD (AXUV20A, from
Opto Diode Company). The measurement of device noise characteristics was conducted
in vacuum. First, the dark current of the device was sampled and digitized by Keithley
2636B source meter in the time domain. Then, the noise power spectral density in the
frequency domain was obtained by Fourier transform.

A self-assembled vacuum spectral response testing system was applied to measure the
spectral responsivity, which includes a L11798 (Hamamatsu) 200 W deuterium lamp,
a McPherson 302 monochromator, a micro probe station which is placed in a vacuum
chamber, and a Keithley 6517B/2636B source meter. In a vacuum state, a continuous
deuterium lamp light source was split through a monochromator, with the light irradiat-
ing on the pixel device of the PD array. The electrical signal was then led to the source
meter through a probe for reading.

The pulse response test was conducted through the self-assembled VUV pulse
response test system, which includes an EX5/250 ArF excimer laser (193 nm), a micro
probe station, and an SDS5104X SIGLENT digital storage oscilloscope. Through the
established optical path, the 193 nm laser irradiated to the pixel device, and then the
electrical signal was led to the oscilloscope through the probe for reading. More detailed
information of the test circuit was shown in the Supplementary Information (Supple-
mentary Figs. 2—6 and Supplementary Table 1).

The VUV light source used for the imaging measurement was provided by the EQ-
99X LDLS lamp. The imaging patterns came from the sapphire mask. During the test,
the light source, mask, and PD array were placed in the same straight line. With the I-V
curve of each array pixel recorded point by point, the photocurrent value could be con-
verted into a hot spot map to present the VUV imaging results.

Abbreviations
VUV Vacuum-ultraviolet

PD Photodetector
WBGS  Wide bandgap semiconductor
AIN Aluminum nitride

TEM Transmission electron microscopy
XRD X-ray diffraction
AFM Atomic force microscopy

PL Photoluminescence
Jark Dark current density
Joroto  Photocurrent density

Responsivity
EQE External quantum efficiency
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The online version contains supplementary material available at https://doi.org/10.1186/543074-024-00120-z.

Additional file 1: Supplementary Fig. 1. Energy band diagram of the photodetector in equilibrium state. Pulse
Response Testing Circuit Description. Supplementary Fig. 2. Pulse response testing circuit of the photodetector.
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 R, and the impedance of the oscilloscope was set to 1 MQ. b Pulse
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response curves of a single pixel device in the AIN PD array with different sampling resistors R, in the high imped-
ance test. The higher the R, the longer the response time of the device. Supplementary Table 1. The rise time and
decay time of a single pixel device in the AIN PD array tested under different sampling resistors R, with high imped-
ance. Supplementary Fig. 4. Fitting result of the pulse response curve using equation (S1) with R, =1 GQ. Sup-
plementary 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 (, and the impedance of the oscilloscope is set to 50 Q. b
Pulse response curve of a single pixel device in the AIN PD array in the low impedance test. Supplementary Fig. 6.
a 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 ps. b Multi-pulse response curve of the silicon PD in the low impedance test. Supplementary
Fig. 7. a J-V curves of another pixel device under 185 nm monochromatic light (334.2 pW-cm‘z) and in the dark. b
JV curves of another pixel device under the condition of different power densities (0.6 ~39.5 uW-cm~2) of 185 nm
light. Supplementary Fig. 8. Multi-period J-T curves of 0V, -2V and -5V of another pixel device under 185 nm light
irradiation. Supplementary Fig. 9. Low-frequency noise power spectral spectrum at open circuit and connected
state with 0V and reverse bias of another pixel device. Supplementary Fig. 10. J-V curves of the pixel devices in
lines a4 and b 8 under 185 nm monochromatic light (334.2 pW-cm~?). Supplementary Table 2. Summary of pho-
toelectric performance of the reported UV PD arrays.
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