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Ultrafast flow imaging by 1 µµµµm time-stretch microscopy 
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Abstract: We demonstrate ultrafast flow imaging of micro-particles by optical time-stretch 
microscopy at 1µm, with an ultrahigh imaging throughput up to ~100,000 particles/s – enabling this 
high-speed imaging technique for a wider scope of biophotonic applications. 
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Optical time-stretch confocal microscopy has been demonstrated as a new imaging modality which can provide 
ultra-high frame rate (> MHz) and sensitivity simultaneously [1]. However, previous works on time-stretch imaging 
predominantly operated in the telecommunication band (~1550 nm) [1,2], which is not a favorable spectral window 
for many biophotonic applications. Enabling time-stretch imaging in the shorter near-infrared range (~800 nm – 1 
µm) not only can achieve better diffraction-limited resolution, but more importantly, it expands the utility of this 
unique high-speed technology to a wide scope of biomedical diagnostic applications. We here demonstrate the 
capability of 1-µm optical time-stretch confocal microscopy to perform high-speed flow imaging of micro-particles, 
e.g. glass microspheres and oil emulsions, at a flow speed of up to ~1 m/s, which corresponds to an ultrahigh 
imaging throughput of ~100,000 particles/s. Having such throughput not achievable with the typical image sensors, 
this demonstration represents a major step forward for utilizing 1-µm time-stretch imaging in high-throughput and 
high-accuracy screening applications, e.g. rare tumor cells and droplet encapsulated drugs screening. 

Time-stretch imaging encodes the spatial information of the specimen into the wavelength spectrum of an optical 
pulse, which is then stretched via group velocity dispersion (GVD) in a dispersive fiber. The image-encoded pulses 
are detected by a high-speed photo-detector and a digitizer for subsequent image reconstruction [1-3]. Modified 
from our previous work [3], our current time-stretch microscope performs real-time ultrafast line-scans orthogonal 
to the micro-particle’s flow direction in the microfluidic channel. The final two-dimensional images are then 
digitally reconstructed by combining the line scans. The glass microspheres are ~20 µm in diameter and flow in the 
100 µm × 100 µm microfluidic channel with a flow speed of ~1 m/s (i.e. ~100,000 particles/s), while the oil 
emulsion droplets are formed by the flow focusing mechanism [4], with an average diameter of ~200 µm, at a flow 
speed of ~0.1 m/s (i.e. ~10,000 particles/s). We found that a dispersive fiber with a GVD of ~0.15 ns/nm is 
sufficient to provide satisfactory performance (e.g. sensitivity and resolution) in high-speed 1 µm time-stretch flow 
imaging (Fig. 1(a) and (c)), even without the need of optical amplification. We note that the insufficient temporal 
resolution of a high-speed charge-coupled device (CCD) camera (1 kHz frame rate and 1 ms shutter speed) results in 
the blurred images which are not able to differentiate the individual spheres (Fig. 1(b)) or droplets (Fig. 1(d)). In 
contrast, time-stretch imaging is able to image individual particles without image blur at an ultrafast line scan rate 
(~5 MHz and ~0.2 MHz) and a superior shutter speed of ~25 ps. The scan-rate is deliberately slowed down for oil 
emulsions imaging to accommodate the maximum flow speed, which is currently limited by the channel geometry. 
The imaging throughput can readily be scaled up to >100,000 particles/s with improved design of our microfluidic 
channel which can withstand higher flow speed (> m/s). More intriguingly, the strength of time-stretch imaging is 
further exemplified by its capability of capturing different sizes of oil emulsions formation when the flow is 
unstable – a feature hidden in the blurred CCD image due to its insufficient real-time temporal resolution. 

 

 
Fig. 1. High-speed micro-particle flow images: glass microsphere images captured by (a) 1 µm time-stretch microscopy, (b) CCD; oil emulsion 
images captured by (c) 1 µm time-stretch microscopy, and (d) CCD. The green dashed lines in (a) and (c) indicate the microfluidic channel 
sidewalls. The orange arrows in (b) locate the moving microspheres.  
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