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Ultra-high-speed image sensors have been developed for years. In 2013, a new structure,
Backside-llluminated Multi-Collection-Gate (BSI MCG) image sensor, was proposed to achieve the
target frame rate of 10° frames per second (fps). Since then, we have developed two image sensors
based on the structure. One image sensor is developed for a multi-framing camera, which is capable
of capturing several frames at the speed of 10° fps, and the other for a video camera, which is
capable of capturing more than 1,000 frames at the speed of 108 fps. Through the development of
these sensors, we have investigated their performances and obtained the following results.

1. The frame rate of 10° fps can be achieved by the BSI MCG image sensor for the
multi-framing camera. The sensor is backside-illuminated with multiple collection gates at
the central area of each pixel on the front side. Signal electrons generated by incident light
near the backside travel to the central area of the pixel and are collected by the collection
gates. The highest frame rate is limited by the variation of the travel time from the backside
to one of the collection gate.

2. We pointed out that crosstalk is a crucial issue to the BSI MCG image sensors. Methods for
analysis of the crosstalk are proposed by introducing advanced Monte Carlo simulations.
Techniques to compensate the crosstalk are also proposed and applied to application models
for ultra-high-speed imaging and FLIM.

3. Furthermore, we derived expression of the theoretical highest frame rate of silicon image
sensor. For example, the temporal resolution limit for green light of 550 nm incident to
silicon image sensors at 300 K is 11.1 picoseconds or the highest frame rate is about
10! fps.

4. Test sensors which we designed have been fabricated and are now under evaluation. The

preliminary experiments confirm the technical feasibility of the BSI-MCG image sensors.



