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Abstract: In recent years, image sensors are more and more widely used in ultraviolet imaging, especially
the ultraviolet image sensors based on CCD and CMOS have attracted intensive attention of researchers. The
progress of semiconductor technology and the development of nanomaterials further promote the research of
ultraviolet image sensor. In this review, the research progress of ultraviolet enhanced image sensor at home
and abroad is reviewed, and several materials enhancing the ultraviolet response of the device are
introduced. In addition, the applications of ultraviolet image sensor in biochemical analysis, atmospheric
monitoring and astronomical detection are briefly summarized, and the challenges faced by CCD/CMOS
image sensors in ultraviolet detection are discussed.
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Table1 Comparison of CMOS and CCD image sensor parameters

Parameter CMOS CCD
Signal to noise ratio Low High
Sensitivity High Higher
Size Small Large
Power consumption  High to mode rate High
System complexity Low High
Cost Low High
Signal from pixel \oltage Electron packet
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Fig.1 Schematic diagrams of imaging sensor working principles and structures: (a),(b),(c) and (d) are CCD,CMOS, structure of

front-illuminated image sensor cross-section, and structure of back-illuminated image sensor cross-section, respectively®®?: (e)

Stacked CMOS image sensor; (f) New stacked BI-CIS with Cu-Cu hybrid bonding and cross-sectional view of the device!**!

F* 2 HHMEGE CMOS/CCD EIR1E k8%
Table2 UV-enhanced CMOS/CCD image sensor

Year  Sensor QE Wavelength range  Number of pixels Ref.
1987 CCD 22%@250 nm 10-300 nm - [14]
1997 CCD 50% 200-400 nm - [15]
2007 CMOS  15%@300nm 300nm 4k X 3k [16-17]
2008 CCD 45%@400 nm 250-900 nm 1k X 1k [18]
2009 CMOS  52%@400nm 400-1000 nm - [19]
2012 CCD 50% 180-200 nm 1024 X512 [20]
2012 CMOS 50% 5-20nm 1k X 1k [21]
2013 CMOS - 200-1000 nm - [22]
2014 CMOS - - 3k X 3k [23]
2015 CMOS 190-1000 nm 1k X 1k [24]
2016 EMCCD 80%@205nm 170-320 nm 1k X 2k [25]
2016 CMOS - 200-1100 nm - [26]
2019 CMOS  46%@300nm 190-1000 nm - [27]
2019 CMOS - 200-1000 nm 640X 480 [28]
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Fig.2

Ultraviolet image sensor enhanced by organic and inorganic rare earth doped compounds:(a) Structure of Lumogen; (b) UV-vis

absorption spectrum of Lumogen filmP®”; (c) CCD mercury lamp spectra before (i)and after(ii) coating™’!; (d) Reflectance and

transmittance spectra of Coronene film prepared by different methods*?; (e)Quantum efficiency of CMOS image sensors in the

ultraviolet band rang with different film thickness™*!l; (f) Photoluminescence excitation and emission spectra of LiSr (1342 VOu:

XT>145
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Fig.3 Quantum dot enhanced UV CMOS devices: (a) A schematic representation of the nanocomposites film illuminated by UV and
visible light®™; (b) Absorption and PL spectra of CdSe/ZnS QDs and QDisilica nanocomposites®™!; (c) Photoes of CID86

devicecoated by QD under visible (i) and UV (ii) light illumination®™; (d) Diagram of CdSe/ZnS quantum dot; () PL emission
spectra of CdSe/ZnS QD films with different layers®; (f) Schematic of a QD coated device®”
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Fig.4 Perovskite quantum dots enhanced ultraviolet CCD devices: (a) Structure diagram of perovskite; (b) Photoes of CsPbX; colloidal

QDs solutions and corresponding PL spectral®Y; (c) UV-Vis absorption spectra and TEM image of MAPbBr; QDs!®: (d) Structure
diagram of the PQDCF UV enhanced EMCCD; (e) The EQE of EMCCD image sensor before and after coating PQDCF, (f) PL
spectrum of PQDCF with the corresponding photographs under ambient daylight (up) and under a 365 nm UV lamp (down) shown

in inset!®”)
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Fig.4 Applications of image sensor in ultraviolet imaging: (a) UV and visible absorbance maps obtained for Glucophage SR™; (b)

Visible and ultraviolet images of tablets®®; (c) The resulting calibrated SO, image of Drax power station stack™:; (d) HRIgyy

camera flight model”; (e) Peckaging image of CCD detector of Hubble telescope third generation cameral™; (f) SUIT (Solar

Ultraviolet Imaging Telescope) payload with all the subsystems!™!
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