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Optical sensors are electronic devices that detect light and radiation. For application examples, imaging in the human
body and analysis of materials. In recent years, X-ray CT has been developed with low radiation dose and high X-ray
counting rate. Analysis of trace amounts of hazardous materials has also been developed. A high-sensitivity, high-speed
optical sensor for detecting weak light and radiation is required.

In this work, we propose a trench-structured silicon photodiode as a high-sensitivity and high-speed optical sensor. A PN
junction photodiode with a P-type semiconductor on the silicon wafer substrate and an N-type semiconductor on the signal
detection side is formed in a trench shape.

A trench photodiode with a depth of 300 um, width of 15 wm and length of 20 mm was fabricated. For X-rays with a
tube voltage of 120 kV, it was shown that the image blur due to Compton scattering in the silicon of X-ray was suppressed
more than the CdTe sensor by embedding 30 um wide gold between the trench photodiodes. A trans-impedance circuit
with feedback capacitance and a prototype sensor were fabricated and mounted on a printed circuit board, and the
prototype sensor was irradiated with 60 keV monochromatic y(X) ray photons from 2**Am radiation source. As a result of
obtaining the signal pulses, the response time was about three times faster than that of the conventional PN junction
photodiodes. By forming the photodiode in a trench shape, deep position of the substrate is sufficiently depleted, and
photocharges can be collected at high speed. It can be applied to photon-counting X-ray CT, a next-generation X-ray
imaging system that requires high-speed operation.

The microfluidic trench photodiode detects the bioluminescence caused by the reaction between ATP in bacteria and
specific enzymes, which greatly increases the efficiency of light collection and makes it possible to perform a sanitary
inspection at the level of single bacterium. A microfluidic trench photodiode with a depth of 300 wm and a width of 100
um was fabricated, and a light detection signal was obtained by flowing an inspection solution through this channel. We
will analyze the relationship between the ATP amount and the light detection signal in the future.




