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Abstract

In this paper, the estimation of the disparity for depth extraction in monochrome complementary metal-oxide—semiconductor
(CMOS) image sensors with offset pixel apertures is presented. To obtain the depth information, the disparity information between two
different channel data of the offset pixel apertures is required. The disparity is caused by the difference in the response angle between
the left- and right-offset pixel aperture images. A depth map is implemented by the generated disparity. Therefore, the disparity is the
most important factor for realizing 3D images from the designed CMOS image sensor with offset pixel apertures. The disparity is influ-
enced by the pixel height and offset value of the offset pixel aperture. To confirm this correlation, the offset value is set to maximum
within the pixel area, and the disparity values corresponding to the difference in the heights are calculated and compared. The disparity
is derived using the camera-lens formula. Two monochrome CMOS image sensors with offset pixel apertures are used in the disparity

estimation.
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Fig. 1. Equivalent effect between OPA and camera lens aperture.
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Fig. 2. Cross-sectional view of OPA CMOS image sensor.
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Fig. 4. Influence of the distance of the object and the focal length on
the disparity.
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Fig. 5. (a) and (b) Cross-sectional illustration of difference in pixel
height depending on the presence or absence of the SRE pro-
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Table 1. Summarized characteristics of the designed monochrome
OPA CIS.

Explanation
Conventional CMOS

Characteristics

Process 0.11 pm process
Image resolution 1124 x 2032
Metal layer MET1 ~ 3

Pixel size 2.8 um x 2.8 um

Color pattern Monochrome

Chip size 8 mm x 10 mm
F Without SRE process : 1.406
o With SRE process : 0.819

Polynomial model

Type of microlens (matched measured data)
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= Proposed monochrome OPA CIS (SRE process)
. Proposed monochrome OPA CIS (without SRE process)
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Fig. 7. Calculated disparity using the characteristics of designed CIS

and 25 mm focal length camera lens.
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" —=— Proposed monochrome OPA CIS (SRE process)
#®  Proposed monochrome OPA CIS (without SRE process)
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Fig. 8. Calculated disparity results using the characteristics of the
designed sensor and 17mm focal length camera lens.
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