6.1.3　3D-structured imaging devices
　We are researching imaging devices with a 3D structure that can process signals from pixels in parallel as a way of improving the resolution and increasing the frame rate. These devices have stacked signal processing circuits for each pixel directly beneath the photoelectric conversion element. This enables the signals from all pixels to be read in parallel so that a higher frame rate can be maintained even if the pixel count increases compared to common imaging devices with a 2D structure (Figure 1).
　In FY 2013, we demonstrated the basic operating principle of 3D-structured imaging devices capable of converting the incident light intensity into pulse signals and outputting them in the depth direction of the device, but there remained the need to improve the sensitivity and reduce the dark current. In FY 2014, we enabled the device to capture moving images by arranging pixels in an array(1) and investigated ways to improve the sensitivity and reduce the dark current.
　To improve the sensitivity, we thickened the photodiode for the photoelectric conversion element to increase the absorption of light and incorporated a structure to amplify the voltage generated by photoelectric conversion to increase the output voltage of the photodiode. We also developed a signal processing circuit that can convert the output voltage of the photodiode into digital signals with higher precision.
　We demonstrated that dark current can be reduced by controlling diffusion of impurities into the photodiode. The development of these technologies shows the feasibility of constructing 3D-structured imaging devices with a practical level of sensitivity.
　This research was conducted in cooperation with the University of Tokyo.

　


Figure 1. Comparison of common 2D-structured imaging devices and 3D-structured imaging devices
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