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Abstract: Front-illuminated charge-coupled devices (CCD) based on silicon substrate always
have a lower response in ultraviolet spectral range.Research of enhancing the quantum efficiency per-
formance of the front-illuminated CCD in ultraviolet spectral range was presented. The better result of
the transmission film in ultraviolet spectral range at photo sensitive surface, the reduction of interfer-
ence by surface state at photo-sensitive area and the ultra thin-film hole-accumulation diode (HAD)
have been achieved based on the optimization design of anti-reflecting film, the photo-sensitive struc-
ture of front-illuminated CCD, as well as the structure and process parameter optimization of HAD
that were carried on during the research. The beneficial effect of the greater increase in quantum effi-
ciency performance of the front-illuminated CCD in ultraviolet spectral range detect came from the op-
timization of anti-reflecting film, the photo sensitive area and the HAD structure, as well as promoting
the interacting quantum efficiency of the CCD. The research result indicates that the linear CCD has

reached an average quantum efficiency of 46.13% in the spectral range that covers 300 nm~400 nm,
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and the average quantum efficiency has increased from 8.6% to 47.48% in 340 nm~390 nm spectral

range.

Key words: front-illuminated CCD; ultraviolet spectral range; quantum efficiency; anti-reflect-

ing; hole-accumulation diode(HAD)
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Fig.1 Photo-sensitive region structure of traditional CCD
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Fig.2 Transmittance curves of different silicon nitride thick-
nesses
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Fig.3 Transmittance curves of different silicon oxide thick-

nesses
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Tab.1 Average transmittance by different film thicknesses between 300 nm ~400 nm spectrum range

AN JEE BE SiN, (1) 7 1493 5 %6

Si;NJEJE /nm 0 5 10 15 20 25 30 35 40
300 nm~400 nm

k 56.729 67.212 78.281 85.958 86.782 81.074 71.844 62.109 53.683
TFES A/ (%)

20 nm Si;Ny, R [ JEJE K JZ Si0, #9F K38 ) %

#JZ S0, &% /nm 0 5 10 15 20 25 30 35 40
300 nm~400 nm
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Tab.2 Silicon absorption depth as a function of wavelength

% B Bl B2 B3 B4 B5 B6 B7 B8 B9 B10
WK /nm 300~325  325~350  350~375  375~400  400~450  450~500  500~600  600~700  700~800  800~900
e /nm 315 340 365 390 425 475 550 650 750 850
i B B /nm 25 25 25 25 50 50 100 100 100 100

R IEX 0.58 0.60 0.61 0.48 0.44 0.42 0.38 0.35 0.35 0.35

W2 TR BE /m 0.008 0.011 0.021 0.133 0.364 0.678 1.547 3.229 7.063 17.038
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Fig.4 Linear CCD response without HAD structure
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Fig.6 Results of ion-implant with different dose and energy
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Fig.9 Result of optimization of silicon nitride etching
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