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Optical design and experiment of microlens array for/€CD image sensors

KE Cai-junl, Yl Xin-jian2 , LAI .]ian-junl
(1. Department of Optoelectronic Engineering ,HUST ,Wuhan 430074 ,China ; 2. National {_aboratory for Image Processing and In-
telligent Control , HUST ,Wuhan 430074 ,China)

Abstract : To increase the fill factor of CCD image sensor greatly sthe'\structure of microlens array matched with the CCD is
designed and compared with the experimental results. The results show,that the microlens integrated with CCD can improve the fill
factor of visible CCD by a factor of 2.9 and the relative spectrum.resgponse has an increase of 0. 2. The design indicates that the
microlens array can optimize the intensity contribution and-improve: the fill factor and the photoelectricity performances of CCD

senors remarkably.
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Fig.1 The integration system of visible CCD,and<(a) “single layer
microlens or (b) dual-layer microlens
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Table 1 Optical design parameters of single layer microlens/ um

configuration parameters value
radius of curvature 80
aperture 21 X21
sag 0.69
focus position 58
thickness of quartz 200
freedom of CCD 141
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Fig.3 The relationship between intensity transmission and (a) incident angle
of visible light , (b) wavelength for single layer microlens system
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Table 2 Optical design parameters of dual-layer microlens/ um

configuration parameters value
curvature radius first 70
second 8
aperture first 21 X21
second 8 X8
sag first 0.79
Second 1.07
focus position (after the plate) 28
thickness of quartz plate 200
freedom of CCD 120
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Fig.4 3-D PSF pattern of dual-layer microlens system
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Fig.5 The relationship between intensity transmission and (a) incident angle
of visible light , (b) wavelength for dual-layer microlens system
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Fig.6 SEM micrography of microlens array
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Fig.7 Point spread function pattern of microlens array

KA SR B S A K o N T 33— s
BERTEE R RS RERI R I X EE RS 1) CoD 6
NREPEEAT T IR 9 3 Bl 300nm ~1000nm
HESERAERMBEEN coD #HT T XL 45 =
8 7N o BVHIE R SRAGUE S S coD B AT
SCRENE R BEIN T 0.2 /245 o AE 550nm BT At 1
R M K X T RES 0 B A Rk B e iE R

LN COD 1 Js AN B OB IR BLARF A K
1.0 : ‘ :
: : : —— CCD with microlens
0.8 o CCD without
§ : microlens
§_ 06 O L . L T UV NURI. TSP
L
2 04ff
=
g 0.2
300 400 S00 600 700 800 900 1000
wavelength/nm
”-
Fig.8 ﬂ\response curves of CCD with and without microlens array
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