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High frame rate CMOS digital camera by semiconductor
refrigeration and its imaging noise analysis
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Abstract: For improving the imaging quality of a high-speed CMOS sensor and reducing the dark-cur-
rent and spatio-temporal noise of imaging sensor, the design of high frame rate CMOS digital camera
system cooled by semiconductor refrigerator is introduced. For this camera cooling system, refrigera-
tion quantity can be controlled by designed integrative multilevel semiconductor refrigerator. The
difference of sensor cooling temperature and surroundings temperature can reach to at most 40 C,and
Fixed Pattern Spatial Noise(FPN) of dark current and random spatio-temporal noise can be reduced
greatly by reducing the temperatures of CMDS sensors. In addition,Color Filter Array(CFA) conver-
sion and nonuniform correction are implemented by hardware in camera,and the Signal Noise Ratio
(SNR) of output image can be increased by 6 dB. Experimental results show that designed cooling

camera system has many advantages in high density of integration, compact structure, high resolu-
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tion, high frame rate, high SNR, wide dynamic range, and high imaging quality.

Key words: semiconductor refrigeration; high frame rate digital camera; CMOS image sensor; image

noise
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Fig. 1 Block diagram of high-speed imaging system
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Fig. 4 Configuration diagram of camera cooling system
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