
Title Optical time-stretch microscopy enabled by free-space angular-
chirp-enhanced delay

Author(s) Wu, J; Xu, Y; Lau, AKS; Tang, AHL; Chan, ACS; Wong, KKY;
Tsia, KKM

Citation

SPIE BiOS: High-Speed Biomedical Imaging and Spectroscopy:
Toward Big Data Instrumentation and Management II, San
Francisco, California, USA, 28 January - 2 February 2017. In SPIE
Conference Proceeding, 2017, v. 10076, p. 1007611

Issued Date 2017

URL http://hdl.handle.net/10722/243310

Rights

SPIE - International Society for Optical Engineering.
Proceedings. Copyright © SPIE - International Society for Optical
Engineering.; Copyright notice format: Copyright 2017 Society of
Photo-Optical Instrumentation Engineers. One print or electronic
copy may be made for personal use only. Systematic
reproduction and distribution, duplication of any material in this
paper for a fee or for commercial purposes, or modification of
the content of the paper are prohibited.; This work is licensed
under a Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International License.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by HKU Scholars Hub

https://core.ac.uk/display/95558803?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


PROCEEDINGS OF SPIE

SPIEDigitalLibrary.org/conference-proceedings-of-spie

Optical time-stretch microscopy
enabled by free-space angular-chirp-
enhanced delay (Conference
Presentation)
Jianglai  Wu
Yiqing  Xu
Andy K. S.  Lau
Anson H. L. Tang
Antony C. S. Chan
Kenneth K. Y. Wong
Kevin K. Tsia

Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 9/12/2017 Terms of Use: https://spiedigitallibrary.spie.org/ss/TermsOfUse.aspx



Optical time-stretch microscopy enabled by free-space angular-
chirp-enhanced delay

(Conference Presentation)

Jianglai Wu, Yiqing Xu, Andy K. S. Lau, Anson H. L. Tang, Antony C. S. Chan, Kenneth K.
Y. Wong, Kevin K. Tsia, The Univ. of Hong Kong (Hong Kong, China)

ABSTRACT

Optical time-stretch microscopy enables cellular images captured at tens of MHz line-scan rate and becomes a
potential tool for ultrafast dynamics monitoring and high throughput screening in scientific and biomedical
applications.  In time-stretch microscopy, to achieve the fast line-scan rate, optical fibers are used as the pulse-
stretching device that maps the spectrum of a light pulse to a temporal waveform for fast digitization. Consequently,
existing time-stretch microscopy is limited to work at telecom windows (e.g. 1550 nm) where optical fiber has
significant pulse-stretching and small loss. This limitation circumscribes the potential application of time-stretch
microscopy.

Here we present a new optical time-stretch imaging modality by exploiting a novel pulse-stretching technique, free-
space angular-chirp-enhanced delay (FACED), which has three benefits: (1) Pulse-stretching in FACED generates
substantial, reconfigurable temporal dispersion in free-space with low intrinsic loss at visible wavelengths; (2)
Pulse-stretching in FACED inherently provides an ultrafast all-optical laser-beam scanning mechanism for time-
stretch imaging. (3) Pulse-stretching in FACED can be wavelength-invariant, which enables time-stretch microscopy
implemented without spectral-encoding.

Using FACED, we demonstrate optical time-stretch microscopy with visible light (~700 nm). Compared to the prior
work, bright-field time-stretch images captured show superior contrast and resolution, and can be effectively
colorized to generate color time-stretch images. More prominently, accessing the visible spectrum regime, we
demonstrate that FACED enables ultrafast fluorescence time-stretch microscopy. Our results suggest FACED could
unleash a wider scope of applications that were once forbidden with the fiber based time-stretch imaging techniques.
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