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Abstract: The solar-blind ultraviolet (UV) band has unique features, such as low background noise, strong
local security, and excellent resistance to interference. These characteristics make it highly useful in
specialized communication applications. However, silicon-based detectors face challenges, including low
detection efficiency and poor responsivity to solar-blind UV light. To overcome these limitations, spectral
conversion technology has been introduced. This approach converts high-energy UV photons into visible or near-
infrared light, making it compatible with commercial silicon detectors. It also offers benefits like low cost, high
stability, and mature manufacturing processes. This paper reviews recent progress in solar-blind UV detection
based on spectral conversion. First, it explores the applications and classifications of detectors that use spectral
conversion. Then, it highlights advancements in high-efficiency detection methods for solar-blind UV imaging
and communication. Finally, it discusses the potential future developments of this technology, emphasizing its

growing importance in the field.
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(a) Schematic diagram of the direct detection structure''”’; (b) Schematic diagram of the spectral conversion-based indi-

rect detection structure; (c¢) Schematic diagram of a solar-blind dual-channel panoramic UV camera structure "' ; (d)

Schematic diagram of a UV communication system structure .
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Table 1  Performance Comparison of Detectors for Imaging

and Optical Communication
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spectrum of coronene thin film"'.
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(a) Structure diagram of EuDH combined with silicon-based detectors **'; (b) EQE spectra of different detectors™'; (¢)

Schematic diagram of differential pressure testing principle'””’; (d) Voltage response of Th**-doped fluoroxy glass-ceram-

ics integrated with detectors under solar-blind ultraviolet irradiation™*"

diation'*".
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Fig.4 (a) The emission spectra of samples with different Ce doping concentrations prepared in a reducing atmosphere (HGTC)
and in an oxygen atmosphere (GTC)™" 5 (b) The emission spectra of Ba, 5..Si04: xGd™, 0.05Tb™ under 244 nm excita-
tion™; (¢) The emission spectra of CaGdAlO,: xPr’**, 6Yb™ under 261 nm excitation ™ ; (d) Responsivity of CsPb-
CLBr: Yb™ Thin Films Integrated with Silicon-Based Detectors ™' ; (e) Quantum Yield of CsPbCly: Yb™, Cr'*, Ce™
Quantum Dot Thin Films™"; (f) The Emission Spectra of CsPbCly: Mn™, Cr'",Ce™ Quantum Dot Thin Films ",
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Table 2 Performance Comparison of Materials for Daylight-Blind Ultraviolet Imaging
B A% TH At RFE MRTAE 2% ik
Lumogen HJi/CCD 1-10 ms 60% 20% [30]
EuDH #f/cCD 0.75 ms T7% - [43]
Y,0,: Eu™ 38 H}/Si BPR 1.21 ms 13. 8% - [44]
Y,0,: Eu’, K256 H5/Si BPR - 50. 7% - [45]
Tb“?fQ <9 SAL B B /S BPR 2.40 ms 70% - [46]
CaGdAlO,: Pr’*, Yb™ 56 H3/Si PD 95.9 us 166% - [56]
CsPbCLBr: Yb T S B ES/Si PD - 67.5% 5.51% [58]
CsPbCl: Cr'", Ce™, Mn® 5k F i W /B H) - 93.5% 89. 13% [61]
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Fig5 (a) Excitation spectrum of Sn*-doped fluorosilicate glass; (b) Fluorescence decay lifetime of Sn**-doped fluorosilicate

glass; (¢) Receiver structure composed of Sn**-doped fluorosilicate glass; (d) Schematic diagram of the optical commu-

nication structure; (e) This optical communication system processes the received optical signal into an image : with fluo-

rescent glass, the image is successfully restored (left image) , whereas without fluorescent glass, a distorted image is ob-

tained (right image) Reprinted with permission from '* © Optical Society of America.
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Fig 6

perovskite structure”

(a) Solar-blind ultraviolet communication system composed of CdSe quantum dots™® ; (b) Schematic diagram of the

"; (¢) Schematic diagram of the radial junction structure of silicon nanowires™; (d) Responsivity

spectrum of CsPbBr; quantum dot thin films combined with a detector’’; (e) External quantum efficiency spectrum of

CsPbBr; quantum dot thin films combined with a detector!
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Table 3 Performance Comparison of Materials for Day-Blind Ultraviolet Communication

BB R H POUAM O RFR SMRTACR wWE S%UR
Sn*' 5 24 B 55 /Si PIN 5.65 ws 50 kHz 85% - 0.26 mA-W™' [63]
PhS/CdS & F 1M B /InGaAs PD 1.84 ps 150 kHz 249% 21% - [64]
CdSe/CdZnS/ZnS T 55 W JBE/Si APD 37 ns 7.45 MHz 57% - - [65]
ZnMgO it T A /Si PD 10 s 27.5 kHz 68% - 7.5mA-W' [70]
MAPbBr it 5 M BE/Si PD 28 ns 9.8 MHz 94% 50. 6% - [76]
CsPbBr, Hit 7 5 #H IH/Si PD 4.5ns 61.29 MHz 73% 40% 84mA-W™! [73]
CsPbBr,/Cs,PbBr, it 4 # J51/Si PD 0.92 ps 300 kHz - - 49.4 mA-W™! [74]
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