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Development of 10Gfps ultra-high speed silicon image sensor
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(1) The highest frame rate of photoelectron conversion layers is
theoretically derived. For silicon image sensors, the limit is 11.1 ps. (2) Based on the analysis,
practical ultra-high-speed image sensor structures are proposed. They can achieve the temporal
resolution of 50 ps to 100 ps. (3) The resolution of 10 ns has been achieved with a
backside-illuminated multi-collection-gate image sensor and applied to light-in-flight imaging.
Since Abramson in 1976, many scientists have challenged the topic. Our achievement 1s the first
success in the world as light-in-flight imaging with a silicon image sensor. (4) A driver circuit to

decrease the resolution to 1 ns stacked to the sensor was designed and fabricated. (5) An algorithm
to suppress the spatio-temporal crosstalk is developed. (6) An ultra-high-speed image signal
accumulation sensor is developed, which stores very weak image signals of high-speed objects by
accumulating image signals in each pixel, keeping the order of the frames.



FLIM Lifetime SPS

TOF-MS
1ns

BSI-MCG: Backside Illuminated Multi-Collection-Gate Image Sensor
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Structure p-well ngh.t/ele(?tron Convex silicon pyramid
guide pipe
Cross Section
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Temporal resolution 2¢ 990.0 ps 49.0 ps 87.5 ps
Vertical Field 5 kV/cm* 25 kV/em* 25 kV/cm*
Collection Ratio*** 100% 100% 98%
Dark current less middle large
X-ray Applicable Low efficiency Ideal
Technical feasibility Already applied | Existing technology Process improvement
. Linear built-in Micro lens/light High-quality convex
Requirement . . . .
potential**** guide necessary pyramid unavailable
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