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Ultrafast Optical Imaging for Freezing Fast Dynamics

Masashi UGAwA ™, Hirofumi KoBAYASHI*, Keisuke GopA™ **

High-speed optical imaging is an effective tool for real-time observation of fast dynamical events such
as shockwaves, laser fusion, microfluidics, spin dynamics, and laser surgery. Unfortunately, conventional
cameras based on CCD or CMOS image sensors are unable to acquire images with high sensitivity at
high speed due to the fundamental trade-off between speed and sensitivity — at high shutter speed, fewer
photons are captured during each image frame. In this review article, we introduce an imaging method
that overcomes the above limitation and enables high-speed imaging with high sensitivity. This is made
possible by performing image serialization and amplification in the optical domain. The imager achieves
a shutter speed of ~10 ps, a frame rate of ~10 Mfps, and an optical image gain of ~1000. We also show
its utility to real-time observation of laser ablation dynamics, nanometer-resolved surface vibrometry, and
flow cytometry for detection of rare cancer cells in blood.
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