6.1.1　Super-high-sensitivity image sensors
■Low-voltage multiplier films for solid-state sensors

　The sensitivity of solid-state image sensors decreases as the number of pixels and the frame rate increase. To overcome this problem, we have been developing photoconductive films (low-voltage multiplier films) that able to multiply the electric charge by applying a low voltage. In FY 2014, we further improved the sensitivity to visible light of chalcopyrite films and conducted imaging experiments using crystalline selenium films. These are two candidate materials for low-voltage multiplier films.
　In FY 2013, we prototyped a p-n junction combining chalcopyrite film (p-type material) and tin-doped gallium oxide (n-type material). While it had increased the sensitivity to visible light, its quantum efficiency remained low (around 50%). As one of the causes was considered to be the low crystallinity of the chalcopyrite film, we newly introduced a multi-source deposition method to improve the crystallinity. This increased the quantum efficiency to 80%.
　We stacked crystalline selenium films on an actual solid-state image sensor and conducted imaging experiments. The results showed fixed pattern noise for the entire screen although the resolution and response characteristics were acceptable (Figure 1 (a)). We observed the film surface using a scanning electron microscope and found that the crystalline grain size and the flatness of the surface were causing the noise. We demonstrated that reducing the grain size by thinning the layers of crystalline selenium films reduced the noise significantly (Figure 1 (b))(1). 

　


Figure 1. Images captured with crystalline selenium film and the observed surface of the film

■Compact super-high sensitivity imaging device for Hi-Vision

　We are developing field-emitter-array image sensors that combine field emitters that emit electrons when a voltage is applied to them with highly sensitive high-gain avalanche rushing amorphous photoconductor (HARP) film (Figure 2). This effort is part of our work on compact, super-high-sensitivity Hi-Vision cameras for reporting at nighttime and in other low-light situations.
　In FY 2013, we designed and prototyped a new electrostatic focusing field emitter(2)(3) to improve image quality and demonstrated that the field emitter can produce more than double the number of electrons than the previous method. In FY 2014, we developed an array with a large number of these emitters. They can efficiently get electrons out of the cathode to the HARP film side, but if they are arranged in a pixel, the electron focusing effect is inversely proportional to the distance between field emitters (i.e., the pitch). We therefore sought the minimum pitch that can strike a balance between the necessary electron beam amount and the spatial extent by using electron beam trajectory analysis. We used the result to prototype an electrostatic focusing field emitter array incorporating a drive circuit with a pixel size of 11 μm × 11 μm (one-quarter the conventional size) that can be used for Hi-Vision. We also fabricated an image sensor using the array.
　This research was conducted in cooperation with the Advanced Industrial Science and Technology.
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Figure 2. Schematic diagram of image sensor with electrostatic focusing field emitters
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