
 

All-optical method sets record for ultrafast
high-spatial-resolution imaging
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Four frame images of the ultrafast rotating optical field recorded in the single-
shot mode at 15 Tfps. Credit: Zeng et al., doi 10.1117/1.AP.2.5.056002.

High-speed cameras can take pictures in quick succession. This makes
them useful for visualizing ultrafast dynamic phenomena, such as
femtosecond laser ablation for precise machining and manufacturing
processes, fast ignition for nuclear fusion energy systems, shock-wave
interactions in living cells, and certain chemical reactions.
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Among the various parameters in photography, the sequential imaging of
microscopic ultrafast dynamic processes requires high frame rates and
high spatial and temporal resolutions. In current imaging systems, these
characteristics are in a tradeoff with one another.

However, scientists at Shenzhen University, China, have recently
developed an all-optical ultrafast imaging system with high spatial and
temporal resolutions, as well as a high frame rate. Because the method is
all-optical, it's free from the bottlenecks that arise from scanning with
mechanical and electronic components.

Their design focuses on non-collinear optical parametric amplifiers
(OPAs). An OPA is a crystal that, when simultaneously irradiated with a
desired signal light beam and a higher-frequency pump light beam,
amplifies the signal beam and produces another light beam known as an
idler. Because the crystal used in this study is non-collinear, the idler is
fired in a different direction from that of the signal beam. But how is
such a device useful in a high-speed imaging system?

The answer lies in cascading OPAs. The information of the target,
contained in the signal beam, is mapped onto the idler beam by the OPA
while the pump beam is active. Because the idler moves in a different
direction, it can be captured using a conventional charge-coupled device
(CCD) camera "set to the side" while the signal beam moves toward the
next stage in the OPA cascade.

Just like how water would descend in a waterfall, the signal beam
reaches the subsequent OPA, and the pump beam generated from the
same laser source activates it; except now, a delay line makes the pump
beam arrive later, causing the CCD camera next to the OPA in the
second stage to take a picture later. Through a cascade of four OPAs
with four associated CCD cameras and four different delay lines for the
pump laser, the scientists created a system that can take four pictures in
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extremely quick succession.

The speed of capturing consecutive pictures is limited by how small the
difference between two laser delay lines can be. In this regard, this
system achieved an effective frame rate of 15 trillion frames per
second—a record shutter speed for high-spatial-resolution cameras.
Conversely, the temporal resolution depends on the duration of the laser
pulses triggering the OPAs and generating the idler signals. In this case,
the pulse width was 50 fs (fifty millionths of a nanosecond). Coupled
with the incredibly fast frame rate, this method is able to observe
ultrafast physical phenomena, such as an air plasma grating and a
rotating optical field spinning at 10 trillion radians per second.

According to Anatoly Zayats, Co-Editor-in-Chief of Advanced
Photonics, "The team at Shenzhen University has demonstrated ultrafast
photographic imaging with the record fastest shutter speed. This
research opens up new opportunities for studies of ultrafast processes in
various fields."

This imaging method has scope for improvement but could easily
become a new microscopy technique. Future research will unlock the
potential of this approach to give us a clearer picture of ultrafast
transient phenomena.

  More information: Xuanke Zeng et al, High-spatial-resolution
ultrafast framing imaging at 15 trillion frames per second by optical
parametric amplification, Advanced Photonics (2020). DOI:
10.1117/1.AP.2.5.056002

Provided by SPIE

3/4

https://www.spiedigitallibrary.org/journals/advanced-photonics/volume-2/issue-05/056002/High-spatial-resolution-ultrafast-framing-imaging-at-15-trillion-frames/10.1117/1.AP.2.5.056002.full?webSyncID=5654d88c-bec4-7b21-c967-650865dd51b6&sessionGUID=c7aca8d3-0289-2b42-3e70-1854e42a46ea&_ga=2.154539640.1354501172.1600366218-509387628.1597949056
https://www.spiedigitallibrary.org/journals/advanced-photonics/volume-2/issue-05/056002/High-spatial-resolution-ultrafast-framing-imaging-at-15-trillion-frames/10.1117/1.AP.2.5.056002.full?webSyncID=5654d88c-bec4-7b21-c967-650865dd51b6&sessionGUID=c7aca8d3-0289-2b42-3e70-1854e42a46ea&_ga=2.154539640.1354501172.1600366218-509387628.1597949056
https://www.spiedigitallibrary.org/journals/advanced-photonics/volume-2/issue-05/056002/High-spatial-resolution-ultrafast-framing-imaging-at-15-trillion-frames/10.1117/1.AP.2.5.056002.full?webSyncID=5654d88c-bec4-7b21-c967-650865dd51b6&sessionGUID=c7aca8d3-0289-2b42-3e70-1854e42a46ea&_ga=2.154539640.1354501172.1600366218-509387628.1597949056
http://dx.doi.org/10.1117/1.AP.2.5.056002
http://dx.doi.org/10.1117/1.AP.2.5.056002


 

Citation: All-optical method sets record for ultrafast high-spatial-resolution imaging (2020,
September 17) retrieved 4 May 2024 from https://phys.org/news/2020-09-all-optical-method-
ultrafast-high-spatial-resolution-imaging.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

4/4

https://phys.org/news/2020-09-all-optical-method-ultrafast-high-spatial-resolution-imaging.html
https://phys.org/news/2020-09-all-optical-method-ultrafast-high-spatial-resolution-imaging.html
http://www.tcpdf.org

