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Optical time-stretch microscopy
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Abstract: We experimentally demonstrate optical time-stretch microscopy with one-
dimensional Bessel spectral shower illumination for ultrafast extended depth-of-field imaging
at a single-shot scan rate of 26.3 MHz.

© 2014 Optical Society of America

OCIS codes: (170.5810) Scanning microscopy; (170.6920) Time-resolved imaging.

Recently, serial time encoded amplified microscopy, or in general optical time-stretch microscopy has been recog-
nized as an ultra-fast imaging technique which can achieve aMHz frame rate and have been found of great value for
high-throughput imaging flow cytometry [1, 2]. Time-stretch images are captured by first encoding the image infor-
mation into a broadband pulsed spectral shower, followed bytemporally stretching the encoded pulse through group
velocity dispersion (GVD) for serial detection with a high bandwidth digitizer. Conventionally, the illumination of the
time-stretch imaging system has been mostly implemented with Gaussian beam optics in which the depth of field is
limited by the Rayleigh distance. In other words, similar totypical optical microscopy, time-stretch imaging is subject
to the tradeoff between numerical aperture (NA) of the imaging lens and depth of field, i.e. the depth of field is short-
ened by the square of the NA (or equivalently the lateral resolution) increased. Hence, image of the object positioned
outside the focal plane will be blurred. Such defocus blur could influence the accuracy of the cellular assay screening
based on image classification. We hereby demonstrate that the depth of field of a time-stretch imaging system can
be optimized by replacing the conventional Gaussian spectral shower with a “diffraction-less” beam-Bessel beam [3].
Our preliminary experimental result shows that the out-of-focus time-stretch image resolution can be preserved when
we apply a one-dimensional (1D) Bessel spectral shower illumination. Relaxing the limited depth-of-field associated
with high NA optics, time-stretch microscopy with Bessel spectral shower could be particularly favorable for realizing
ultrafast microfluidic imaging flow cytometry with high-resolution.

Fig. 1 shows a schematic setup of a conventional optical time-stretch system for ultrafast imaging. The optical
pulses with a repetition rate of 26.3 MHz, center wavelengthat 1064 nm emitted from a fiber mode-locked laser are
temporally stretched by a dispersive fiber (total GVD:∼ 0.18 ns/nm), and served as our coherent light source for the
spectral encoding.

Fig. 1. Schematic of an optical time-stretch imaging setup with a Bessel spectral shower illumina-
tion. YDFA: ytterbium doped fiber amplifier, PC: polarization controller.

In order to manipulate a Bessel spectral shower for the time-stretch imaging system, we simply introduce an opaque
bar (indicated by the red-dashed box) to block the center of the cross-section of the collimated Gaussian beam [3, 4].
After the diffraction grating, the illumination beam is focused on a sample target using a 75 mm converging lens. Thus,



ATu3P.6.pdf CLEO:2014 © 2014 OSA

the focused beam on our sample target becomes a 1-D Bessel spectral shower, which has a Bessel beam profile along
the direction perpendicular to the spectral shower as shownin Fig 2 (a). The 2-D image is acquired by scanning the
beam in the orthogonal direction.
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Fig. 2. (a) Experimentally measured intensity profile of theBessel spectral shower. (b) Raw image
scanned by the Gaussian beam spectral shower with the sampletarget at the focal plane. The arrow
indicates the scanning direction of the spectral shower. (c) Raw image scanned by the Gaussian
beam spectral shower with the sample target offset from the focal plane. (d) Raw image scanned
by the Bessel beam spectral shower with the sample target offset from the focal plane. (e) Intensity
contrast of the horizontal stripes (indicated by white dashed lines in (c) and (d)) captured by the
Gaussian (blue) and Bessel (red) spectral showers.

Fig. 2 (b)-(d) show the experimental scanning images captured by our time-stretch imaging system. The sample
under scanning is a USAF 1951 resolution target. For comparison, we show in Fig.2 (b) the well focused image
scanned by the Gaussian beam spectral shower, in which most of the horizontal stripe groups can be well recognized.
To demonstrate the extension of the depth of field of the spectral showers, we offset the sample target 1.5 mm from
the Gaussian beam waist, to a position where the Bessel beam spot size has not yet significantly diverged. As we can
see, while the off-focus image (Fig.2 (c)) scanned by the Gaussian beam can barely resolve the “2” groups horizontal
stripe, we highlight that the off-focus image (Fig.2 (d)) scanned by the Bessel spectral shower is still capable of
resolving horizontal stripes from “2”∼“4” groups. Furthermore, Fig.2 (e) shows a clear comparison between intensity
contrasts of the horizontal stripe groups captured by the Gaussian (blue) and Bessel (red) spectral shower. In addition,
we note that no improvement on the vertical stripes is observed as the 1-D Bessel beam only manipulated in the
orientation that is parallel to the spectral shower.

In summary, we have experimentally demonstrated an opticaltime-stretch imaging system with Bessel spectral
shower illumination. Our preliminary result shows that thedepth of field has been extended while the image resolution
can still be preserved. For our future work, higher efficientgeneration of the Bessel spectral shower can be further
improved using an ordinary prism (analogue to the axicon butonly in one dimension), or using a spatial light modu-
lator [5, 6]. We expect that this simple approach of increasing the depth of field can be applied to other modalities of
time-stretch imaging systems.
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